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Figure 2- Compound sharp-crested weir components used
in research
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Figure 1- Different modes of compound weir flow
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Figure 3- Schematic view of the water supply system
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Figure 4- Number of compound and simple weirs sections (b=20 cm)

PEuislojl oold )3 bl cudi S 30 siad 515w 3l 2o -5 S
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Table 1- Geometrical and hydraulic parameters of used weirs in research
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(Width of rectangular notch) (cm) e
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(Height of circular arch notch with b=25 cm)
4 - b:20_cm L sloph g dsLa:_: glas ) ho 0-5-7.5-10 (cm) oo
(Height of circular arch notch with b=20 cm)
=15 CmM L (clopls g ailas ¢lis)| i
5 PSR h 0-5-7.5 cm) yio ko
(Height of circular arch notch with b=15 cm) ° (0m) a2
6 b=250m | Jblize (sl f gla 1251281-14.17-18.125  (cm) o sl
(Corresponding circular arc radius with b=25 cm)
b=20 cm L blie clopls b gles
7 - - R 10-10.42-12.5 €M) ye ko
(Corresponding circular arc radius with b=20 cm) (em) s
8 b=150m | blize (slopls (f gla R 758125 (cm) oo sk
(Corresponding circular arc radius with b=15 cm)
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9 2Oy T h 3.76~17.38 Cm) oo
(Hydraulic head respect to weir crest) (em) sas
10 sl g ol @ Q 1.02~23.39 (lit/se)ast >y

(Discharge through the weir)
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Figure 6- Cq versus ; values of compound weirs
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Figure 7- Cq versus E values of simple rectangular weirs



1394 T - s < Aojlosds 29 als (S g T 4 i

866

1
0.9 i
L ' .
. S 2 o
i A x x % ox x
08 D SeRetl o
. : 2 u’ +n+“+ o4
o +
L o3l I . 3
00.7 . : ?+ 9 J)p
(simple) 1 (compound)
0.6 % fudx
A
05 1 1 1 1
0 05 1 pypo 15 2 25
4b=25,P=25,h0=7.5,R=14.17 *b=25,P=20,h0=75, R=14.17
=xb=25,P=15, h0=7.5, R=14.17 s h=20,P=25,h0=7.5, R=10.42
xb=20, P=20, h0=7.5, R=10.42 abh=20,P=15, h0=7.5, R=10.42
+b=15,P=25,h0=7.5, R=7.5 obh=15,P=20, h0=7.5,R=7.5
e h=15,P=15,h0=7.5, R=7.5

h
S g0 B3y 43 h—o\gwcdﬂ:ﬁ»—SJ&:}
0

Figure 8- Cq versus — values of compound weirs
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Figure 11- Cq versus E values of compound weirs (b = 20 cm)
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Figure 12- Cq versus E values of compound weirs (b = 15 cm)
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Table 2-Cq values range and statistical criteria of compound weirs

&> R Slasude R’ RMSE
(Cq) (Weir Characteristics) P=15cm P=20cm P=25cm P=15cm P=20cm P=25cm
0.583-0.828 b=25, hp=12.5, R=12.5cm 0.290 0.302 0.336 0.085 0.081 0.078
0.569-0.893 b=25, ho=10, R=12.81 cm 0.534 0.671 0.657 0.086 0.101 0.087
0.568-0.894 b=25, hy=7.5, R=14.17 cm 0.820 0.856 0.833 0.079 0.063 0.074
0.567-0.846 b=25, ho=5, R=18.125 cm 0.772 0.676 0.624 0.050 0.067 0.061
0.583-0.656 b=25cm 0.939 0.928 0.960 0.032 0.022 0.017
0.573-0.863 b=20, hp=10, R=10 cm 0.736 0.799 0.743 0.071 0.072 0.065
0.565-0.852 b=20, ho=7.5, R=10.42 cm 0.873 0.853 0.874 0.048 0.045 0.045
0.563-0.866 b=20, ho=5, R=12.5cm 0.377 0.353 0.360 0.074 0.094 0.076
0.570-0.629 b=20 cm 0.700 0.703 0.672 0.018 0.02 0.027
0.550-0.813 b=15, ho=7.5, R=7.5cm 0.872 0.867 0.880 0.039 0.040 0.036
0.547-0.738 b=15, ho=5, R=8.125 cm 0.389 0.320 0.331 0.107 0.130 0.119
0.543-0.587 b=15cm 0.138 0.106 0.116 0.027 0.034 0.038
8 o e Gy lise Elgil 13 L2 (25 p p3lie duylio =3 Jgu
Table 3-Comarison of Cq values in different types of compound weirs
iy, - ‘._'5)" ) oy gl ol (D eupl
(Row) (Researcher) (Cross-section of coVTep;?und sharp-crested) (Discharge Coefficient)
Le e s
1 e : 0.550-0.820
Abbaspour (1) (Triangular- Rectangular)
S ¢ 3 le log = s
2 QIR 9 ) e = e 0.570-0.600
Martinez et al.(9) (Triangular- Triangular)
e g 4yl . .
3 o5t oF hatee = bates 0.594-0.686
Jan et al.(6) (Rectangular- Rectangular)
lSan g o> a3 = Llato
ab 90" (5142590 = (s N
4 Jan et al.(6) (Rectangular- Trapezoidal) 0-594-0.634
. NN -l
5 chifas 5 ol ok 0.647-0.671
Jan et al.(6) (Triangular- Rectangular)
ylSen g ol i3 ik
RILSEFIE Slaijod - e -
6 Jan et al.(6) (Triangular- Trapezoidal) 0.644-0673
ohlSen 5 ()l i35 = slo pl3pus
ob 9 ¥ (/429> = (Sl e -
Arvanaghi et al. (2) (Semicircular- Trapezoidal) 0-510-0.789
hSen 5 J o = gl 553 = gl 543
Ghlen 4 elatiuns = (gladi 593 = gl 3o -
8 Lee et al.(8) (Trapezoidal- Trapezoidal- Rectangular) 0-520-0.780
10 ro i3 ks “(slogh gt 0.543-0.894

Present research
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Figure 13-Comarison of Cq values (P=20, b=20, ho=10, R=10 cm)
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Introduction: The compound sharp-crested weirs are composed from several notches and those are designed
in different shapes. One of the hydraulic advantages of compound weirs is that at low flow rate, the bottom notch
acts as simple weir and with the creation of more hydraulic head on its upstream, due to the shape of the notch,
make discharge measurement with appropriate sensitivity. In high flow rates, the upper notch prevents of
increasing upstream water level and backwater and discharge measurement is possible with acceptable accuracy.
The compound sharp-crested weirs can be used as an appropriate solution for discharge measurement with
reasonable accuracy and sensitivity of the extensive range of flows. Relations are derived from this kind of weirs
has sufficient accuracy with observation of design criteria and construction standards. The purpose of this
research was a laboratory investigation of geometric and hydraulic effective parameters on discharge coefficient
of compound arched circular- rectangular sharp-crested weirs in two cases of full width of channel and partially
contracted weirs and compare the values of the discharge coefficient of compound and simple rectangular weirs.

Materials and Methods: Considering the geometric, kinematic and dynamic variables affecting the free
flow of sharp-crested weirs, there are 11 independent variables with three main quantities (length, mass and
time). Using dimensional analysis with n-Buckingham method, it can be derived the dimansionless relationship.
In order to assess the effect of various parameters on the coefficient of Cq, the dimansionless diagrams are used.
In the state of (h<hy), discharge relationship used in simple circular weir. In the state of (h>ho), discharge of
compound weir is computeted from the linear combination of discharge relationships in circular and rectangular
weirs. Experiments are conducted in the hydraulic engineering models laboratory, Department of Water
Engineering, University of Tabriz, in a rectangular glass-metal flume of 9 m length, 25 cm width and 50 cm
height. After setting up the weirs in a relevant place of flume and establish the steady flow, experiments were
performed in the free flow on 36 models of weirs.

Results and Discussion: In this research, the effects of rectangular notch width, the height of weir crest, the

height of circular arch notch were investigated for changes of head with dimensionless ratios of % , % , hi , % on
0

discharge coefficient. The results show that for a known head over the weir, discharge coefficient increase about
2 to 10 percent with the development of the rectangular notch width of compound and simple rectangular sharp-
crested weirs. For a given head over the weir, discharge coefficient decrease approximately 1 to 5 percent by
increasing the height of the weir crest of compound and simple sharp-crested weirs. For a given head over weir
in low head values, discharge coefficient increase approximately 35 percent by reducing the height of circular
arch notch in the compound weirs than simple rectangular weirs. Based on statistical indicators, computational
and observation discharge coefficient values in most compound and simple weirs, acceptable coincidence with
each other. The mean values of the coefficient of determination (R?) and root mean square error (RMSE) are
0.630 and 0.061, respectively. Among the effective factors that indicate the difference, it can be referred to the
theoretical equation in the compound state that is obtained by assuming a linear combination of simple weirs.
The effect of the lateral walls of the flume, the measurement accuracy of hydraulic head and discharge, the
conditions of flow entrance, the extension of the range of empirical equations proposed in literature for discharge
coefficient of simple weirs, Other factors contributing to the difference between the estimated and observed
values of discharge coefficient. In this type of weirs, the least amount of discontinuity in the transition region of
simple to compound state in head-discharge relationship can be seen in the wide range of discharges compared
with other kinds of compound weirs with horizontal or sloping crests.

Conclusion: In this research, a seri of experiments conducted to investigate C4 of the compound arched
circular-rectangular sharp-crested weirs in both full width of the channel and partially contracted. The advantage
of these weirs is discharge measurement in a wide range. According to the parameters affecting the weir, Cq has
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changed from 0.54 to 0.89 range in the compound weirs and 0.55 to 0.66 range in the simple rectangular weirs.
By changing the weir specifications, Cq increase about 35 percent than the simple rectangular weir. For changes
of the head by using the experimental data, the discharge continuity of this type of weir is far more than the
compound weirs with horizontal or inclined crests. Based on the evaluation criteria, using a linear combination
of the discharge relationship of circular and rectangular sharp-crested weirs, be able to estimate C4 of the
compound weirs with acceptable accuracy.

Keywords: Compound Weir, Discharge Measurement, Hydraulic Head, Laboratory Flume, Rectangular
Weir



