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Fig. 1. Parameters affecting energy loss

Sl At oKl S lesl 55 bl
gLl 5 e IV B e Ve b 4 el s 5 Sledl
)l by SO B Ol A pll e /A
Sbose 3w s e O 4w buy as)
o5l (V) JSa spde psls s)ls Ol ‘5u°x;s¢|j

v

b Sse @55 WIS ok 4 Llg e gl S8 5 e
348 oy LOYAA) ol 5 (650 [12] S s
5 a8 il gl RS- Sl lag e 535 SO
s gle S-S ) O Sl Ll
VXY 5 VAT QY Olpe 4 o ey gleissd 5 il
Loy W s WY Vo 5 0L Ce e a8 5y Aoy
ol G e 4 Cand i 655 SOzl o
o LT O 5 ol i [13] was e
sy oS Al (gladised 5 e sle S gl e
s e G5 Gl Ao ys A0 BV Esly (gl K8 s e
S b3 s 1 65 Ol Ol S L) umen
A o gl & s e sVl 55 Ol Ges Sl

[14] L35 0l wid +/Y0

5 6IT e sl sl Sl VL e 4 s L
Ll tal Csanl 5l (glo S (gl o L5 (551 S]
b S s Sle S lag e G G 35S
Sl dbe Dl Sl Bl 5o 2t iy
SLIs basy e ool &S A2 ealinad IS8 g (gl XS
b by g Ol Mg e s M ke 26 b
gl b sk b e s (i 1 O Js)
dlas oye 4 @3y g8 B Cewd 5 e
LSS TIESTERTSPAES S Y S

RO

LBy 9 3lse .Y

sslal 5JGT A=Y
53 G5A SN L e sl sl () ISe 5 (1) dlayly
EL aaly cpl 55 dins o OLES |y o s (56,508 505 o
o SV 5y o gasis (65 S Er (65 51 B Ol 5
Gy CL:.;)‘P oo S35 o st 655 o
Gas Y o gl 4 Cend CdWL 3 0L Ges h
g (Pp Il 5 0 QG Seoml 03 Ol

b SIS s 0T JB P RIS s


http://dx.doi.org/10.22034/24.4.95
https://mcej.modares.ac.ir/article-16-72722-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/24.4.95]

[)b&wﬁ} d@)‘\:ﬂox UL-@”«

S 53 Ok (6551 BN AT e

o3liinl sz o 3 0T (6 p U358 (sl 5 035 s
Ol ) Lomlesl Sssdes clasiie oY) Jsdr A
e (0 UKl Oy 0 Q O 55 45 s
Sl gon S rean s e 0L ) IS (o s

it Gl (G 53 o D550 S5 e poled

e o ¥ K

Fig. 3. Sinusoidal weir
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Fig. 2. Laboratory flume
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Table 1. Characteristic of weirs

o talesl (Ssdes Slasiie Y g

Row  Type Q Wi/W, L/B H/P EL
(m®/s)

1 A 0.020 6.86 °++ 0303  0.525
2 A 0.025 6.86 °,v+ 0348 0453
3 A 0.030 6.86 °+r 0393 0378
4 A 0.035 6.86 °,v+ 0445 0335
5 B 0.020 6.86 °vY  0.264 0552
6 B 0.025 6.86 °,Vv  0.316 0485
7 B 0.030 6.86 °,vY 0.355  0.438
8 B 0.035 6.86 oYV 0.401 0413
9 C 0.020 7.67 oY 0212 0.654
10 C 0.025 7.67 °,Y  0.254  0.598
11 C 0.030 7.67 'Y 0291 0.556
12 C 0.035 7.67 oY 0.323  0.506
13 D 0.020 7.67 §HAe 0201 0.659
14 D 0.025 7.67 §,A0 0 0.243  0.604
15 D 0.030 7.67 A0 0280  0.562
16 D 0.035 7.67 £,A0 0312 0.520

Table 2. Hydraulic characteristic of the tests
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Fig. 7. The water passage coeflicient of the sinusoidal
labyrinth weir
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QQﬁCw)‘—@JW-‘JQ

0.065 1 ©OType A OType B
1 ATypeC  XTypeD
00ss =% AP
0045 | © B
< ] o
0.035 1 <o Q 9
] ]
0.025 b
0.015 0.02 0025 003 0035 0.04

Q (m%/s)
Fig. 6. Discharge-height curve

14


http://dx.doi.org/10.22034/24.4.95
https://mcej.modares.ac.ir/article-16-72722-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/24.4.95 ]

QI)&QA} ngj‘\:»wi J“@""

S 53 Ok (6551 BN AT e

G b oast sbasnlsl (YA OLKes 5 S0 (A

Lsls €l>u‘ %)%)}J&.{gﬁl{c‘}ﬂoébé‘oﬁﬂ)ﬂ

GO Olpee  WirWo S L/B s H/P (sla el L, L36 A Ko

0.7
X
0.6 X OType A
05 ] g g OType B
E AType C
04 1 O XType D
<
0.3 —_ —
6.5 7 7.5 8
Wi/W,
<l
0.7 4
X A
0.6 ¥ § ﬁ <>TypeA
O| OTypeB
F05 41X %A =
o E AType C
04 1§ g X Type D
03 - —
4.8 5 52 5.4
L/B

[

OType AOType B AType C X Type D

0.7 -
1 XA
0.6 1 N
] oA
B ]
ut 0.5 %
| @ g
0.4 1 S
1 <
03 S MR
0.15 0.2 0.25 0.3 0.35 0.4 045 0.5
H/P
c

Fig. 8. The effect of H/P, L/B and Wi/W, parameters on the
amount of energy loss
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Abstract:

Labyrinth weirs are of the non-linear weirs whose discharge coefficient is higher than similar linear weirs.
These weirs have a simple structure. They are mainly made in rectangular, trapezoidal, triangular and
semicircular shapes. Investigating the amount of energy loss in these high-efficiency weirs has become very
important for engineers in recent years. The experiments were carried out in a flume with a length of 10
meters, a width of 0.6 meters and a height of 0.8 meters. The flow is fed by a pump with an error of 0.01%
by three surface tanks and after passing through the flow relaxers into the flume. In this research, four
sinusoidal labyrinth weirs were used to check the amount of energy loss. The first spillway has a crown
length of 1.3 meters, the second spillway has a crown length of 1.5 meters, the third spillway has a crown
length of 1.55 meters, and the fourth spillway has a crown length of 1.6 meters. Also, the first and second
weirs have a height of 0.15 meters and the width ratio of the inlet to the outlet is 6.86, and the third and
fourth weirs have a height of 0.18 meters and the width ratio of the inlet to the outlet is 7.67. The flow depth
in the upstream and downstream of the weir was taken by a point gauge with an error of 1 mm. Weirs are
installed at a distance of 5.5 meters from the beginning of the channel. The downstream depth of the spillway
was not artificially adjusted by the end valve of the laboratory flume. The weirs are made of wood and wood
glue was used for their impermeability. The flow is transferred downstream over the sinusoidal edges of the
weir like a curved slide or similar to peak weirs. Also, due to the sinusoidal nature of the weirs, the flow will
be transferred downstream faster next to the walls. At the edge of the keys, a local vacuum is created. As the
flow rate increases, the available air volume increases. At the downstream of the inlet and outlet keys, a
vortex and rotation of the flow is formed, which increases in strength as the flow speed increases. The reason
for the formation of vortices is the interference of the falling flow from each sinus. Due to the sinusoidal
nature of the flow and the indentations and protrusions in the weir, the flow enters the downstream with a
curve and the outflow from each sinus is mixed with the outflow from the other sinus. Also, at the beginning
of the outlet keys, a small submerged area is formed, which increases in length and moves downstream as the
flow rate increases. In front of the inlet keys, two relatively strong hydraulic jumps are formed, and after that
the flow is transferred downstream more calmly. The results were that by increasing the flow rate or
increasing the depth of the flow upstream of the weir, the energy loss decreased. Also, the amount of energy
loss increases with the effective length of weirs. By increasing the ratio of the width of the input keys to the
width of the weir output keys, the amount of energy loss increases. Also, by increasing the ratio of flow
depth plus height, such as kinetic energy upstream of the weir to the height of the weir, the amount of energy
loss decreases. The amount of energy loss is the highest in the fourth weir and the third weir, respectively.
On average, with a 20% increase in the height of the weir, the amount of energy loss increases by 23.2%.
Also, the average energy loss in type A, B, C, and D weirs is 42.3, 47.2, 57.9, and 58.6, respectively.
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