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Introduction

Sustainable development and survival depends on environmental protection, especially water.
Water treatment aims to produce safe and healthy water, which is possible in water treatment plants.
Therefore the importance of water is understandable, and the importance of building and equipping a
water treatment plant is paramount. Many principles have been proven. Moreover, ideas for upgrading
treatment plants worldwide have increased treatment plants' capacity and improved water quality.. The
proposed methods can not only be applied to optimize existing water treatment plants but can also be
used to design New refineries will also be used. One of the critical parts that are considered in clarifiers
is the weir part. Increasing the weir width to increase the discharge capacity of the design due to the
width limit is one of the problems that designers face. This has led engineers to design weirs with
nonlinear geometry. Congress weir and piano keys are two essential types of nonlinear overflows in
which the length of the weir crest is increased by the crinkle of this structure in the plan. The use of
nonlinear overflows is increasing worldwide, which has led researchers to estimate the discharge
coefficient for weir efficiency. Tullis et al. (2020) conducted a study to investigate the effect of
engineering specifications on the hydraulic performance of congressional weirs. The results of this
study showed the effect of the number of weir cycles on hydraulic performance. As the number of
congressional weir cycles increases, the hydraulic performance of the overflow decreases. Kumar et
al(2019)., in their research, examined the effect of the ratio of crest length to width (L/W) and overflow
height (P) of the piano key. Using soft calculations, the discharge coefficient was considered a function
of geometric variables without the dimension of piano key overflow. Therefore, in this research, an
attempt was made to evaluate the hydraulic flow in the overflow of refinery clarifier structures with
the shape of a piano key at its outlet using a physical model.
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Methodology

The clarifier weir model was tested in the sediment laboratory of Khuzestan Water and power
Authority Company. This laboratory has a main tank that is fed from the city network. The tank water
is transferred to the laboratory flume by a centrifugal pump. The physical model in which the piano
key weir was placed was designed to have a length and width of 130.75 cm and a height of 105 cm at
the end of the transverse face, a gate with a length and width of 15 cm was installed for the passage of
water. The outlet water enters the Clarifier semicircular structure with a diameter of 100 and 80 cm,
on which the piano key weir was placed. The material of all its aspects is brick, and its floor is ceramic;
to prevent water leakage and its insulation, the coating has been used for the floor and walls. According
to Kumar et al.'s studies (2019) and due to laboratory limitations, PK weirs in 9 models are made of
Plexiglas with a thickness of 3 mm. Water enters the model through a 4-inch diameter PE pipe. In the
water inlet path to the Clarifier, a digital meter is installed to measure the discharge. A ductile iron cast
iron valve with a diameter of 4 inches is installed to adjust the inlet water. The model water inlet will
be supplied from the outlet of the flume in the same laboratory. In each experiment, after the installation
of the laboratory models, the water was transferred to the laboratory flume through the water supply
tank, and pump and measurements, including water level, were performed. The water level on the weir
is read by a scale attached to the body, and finally, the weir water outlet returns to the water storage
tank as a free flow through a channel. This study investigated various dimensions, including length
and width, and their effect on discharge coefficient was also investigated. Variables include
Experiments with 17 different discharges (17variables) and three changes along the Sidewall weir crest
length to weir width (B/W=0.01, 0.16, and 0.23) and three changes in the number of cycles (N =8, 10,
and 12) of which 153 experiments It is related to the piano key model and with 17 experiments, it has
a total of 170 experiments. There were 170 experiments with 17 discharges in variations between 3.68

to 52.8 liters per hour (lit/h). Then the discharge coefficient was calculated fromthe ¢ __ X i
"2 2gH L
equation.

Results and Discussion

In this study, we investigate the effect of the number of piano key clarifier weirs on the weir discharge
coefficient (Cpk). Due to the change in the internal radius ratio of the overflow (Ri/W) due to the
change in its number of faces, in this section, the effect of the internal arch radius ratio on the discharge
coefficient in different longitudinal ratios (B/W) is discussed in the form of diagrams and analysis.
This study investigated the effect of internal arc radius to weir width ratio (Ri /W) on discharge
coefficient in piano key overflows. In piano key weirs with crown width to overflow ratio B/W=0.01
with increasing overflow radius ratio, the discharge coefficient is reduced so that the overflow with an
arc radius ratio of Ri/W =0.63 has about 11.63% higher discharge coefficient than the weir with an arc
radius ratio of Ri/W = 0.77. In a piano key weir with a weir-to-crown ratio of B/W =0.16, with
increasing the ratio of the overflow radius of the weir, the discharge coefficient increases so that the
weir with an arch radius ratio of Ri/ W= 0.77, about 22.06% It has a higher discharge coefficient than
the weir with an arc radius ratio of Ri/W= 0.63. A Weir with an arc radius ratio of Ri/W =0.77 has
about an 8.96% higher discharge coefficient than a weir with an arc radius ratio of Ri/W =0.63. By
increasing the length of the side (B/W) of the 8-sided weir cleaver from 0.01 to 0.23, we see an increase
of 26.8%, 36.6%, and 34.3% of the flow coefficient (Cpk) compared to the control model, respectively.
Side length (B/W) of the 10-sided weir from 0.01 to 0.23, respectively, we see a 31.6, 40.7, and 35.2%
increase in flow rate (Cpk) compared to the control model. By increasing the side length (B/W) of the
8-sided cleaver overflow from 0.01 to 0.23, we see an increase of 33.2, 44.7, and 38.3%, respectively,
of the flow coefficient (Cpk) compared to the control model.
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Conclusions

According to the results, the discharge coefficient has increased with the number of cycles of the
piano key clarifier. By increasing the number of the cycle’s piano key weir from 8 to 12 crest length
to weir width of 0.01, 0.16, and 0.23 were 68.43, 70.5 and 61.3% and 36.62, 40.61 and 44.7%, 34.3,
35.2 and 38.3%, respectively. We see an increase in the discharge coefficient compared to the control
model. With the increase of B/W in the overflows of 8, 10 and 12 cycles from 0.01 to 0.23, 26.8, 36.6,
34.3%, 31.6, 40.7, and 35.2% were observed and we see an increase of 33.2, 44.7 and 38.3 percent of
the discharge coefficient compared to the control model.
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Table 1- Detailed dimensions of Piano key weir

radius (Ri)

Elements Dimensions (in m if not mentioned)

QIyla00 M1 MI10-1 MI2-1 M8-16 MI10-16 MI12-16 M8-23 MI10-23 MI12-23 M-S
Developed

crest length 435 521 613 578 7.00 8.31 753 9.08 1067 1.22
.(L).

We'(rv‘\’/")'dth 112 112 112 094 0.94 0.94 0.87 0.87 087 074
Sidewall
O"eg‘;'e?s‘{‘”“g 01 01 01 015 015 015 020 020 020 -
length (B)

Inlet key

widthin 0075 6503 4890 06950 00549 00452 00432 00505 00415 -
upstream 0

(Wiu)

Inlet key

width in 0.086
domnstrenm o 00682 00562 00860 00682 00562 00860 00682 00562 -
(Wid)

Outlet key

width in 0.061 0475 00353 00556 00439 00362 00860 00403 00299 -
upstream 0

(Wou)

Outlet key

width in 0.069 (0546 00408 00690 00546 00408 00690 00546 00408 -
downstream 0

(Wod)
Weir height(p)  0.01 001 001 001 001 0.01 0.01 0.01 001 001
D'V'?Te)‘"’a” 0003 0003 0003 0003 0003 0003 0003 0003 0003 o.go
Inlet key 45°  45° 45°  3369° 3369° 3369° 2656° 26565° 26.565° -
slope angle

outlet key 45°  45° 45°  3369° 3369° 3369° 2656° 26565° 26.565° -
slope angle
Externalarch 4 50/ 1584 1284 1284 1284 1284 1284 1284 1284 122
lengh (Lo)

Internal arch 457 4957 1127 1049 1049 1049 0965 0965 0965 1.22
lengh (L)

External 0805 0805 0.805 0.805 0.805 0805 0805 0805  0.805 0.33
radius (Ro)

Internal 0705 0705 0705 0.650 0650  0.650 0.607 0607  0.607 0.33
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Table 2- Experimental variables
el S piio ¥ Jgor

Discharge B/W

number of cycles (N)

Control Number of tests

17 3 3

17 170
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Fig.6- (a—c): Diagrams of the effect of arc radius ratio on coefficient of Discharge on the piano key
weir for different ranges of B/W:(a) B/W=0.01, (b) B/W=0.16, (c) B/W=0.23
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Fig. 7- (a—c) Diagrams of the effect of Sidewall weir crest length to weir width ratio for different
ranges of the number of cycles weir:(a) N=8, (b) N=10, (c) N=12
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