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Estimation of Discharge in Straight Compound
Channels Based on the Equivalent Roughness
Using the Particle Swarm Optimization
Algorithm
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Abstract

Several relations have been presented to estimate the flow
discharge passing the straight compound channels, most of
which result in acceptable results in the experimental
conditions, but are not accurate enough to be sued in the case
of the field studies. In the present study, the Particle Swarm
Optimization Algorithm was used to analyze the experimental
and field data of the compound cross sections and a new
relation was presented to estimate the total discharge passing
the compound cross section. In the new suggested relation, in
order to estimate the equivalent roughness coefficient of the
compound cross sections, in addition to the relative depth,
relative width, relative hydraulic radius and relative roughness
(the ratio of the mentioned parameters in the floodplains to the
main cross section), a new definition of the Reynolds number
was used. The results showed that the proposed relation, with
an average absolute relative error of 10.4, could properly
estimate the discharge in the compound cross sections so that
the average absolute relative error decreased by about 38
percent in comparison to the previous studies performed by
other researchers.
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Table 1- some examples of the relationships presented for manning roughness equivalent for compound
channels
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Table 2- Range of geometric and hydraulic variables of compound channels used
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Variable Minimum value Maximum value Mean value
H (m) 0.0364 7.81 0.985
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Fig. 3- Particle Swarm Optimization (PSO) flowchart
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Table 3- Evaluation of the proposed and Modified WDCM method equations in the calibration and
validation steps
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%82 10.2 6.1 14.0 10.0
R2 0.98 0.99 0.98 0.99
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Fig. 5- Comparison of different relationships for flow calculation by single channel method with proposed
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Table 4- Evaluation of different relationships in single channel method for estimating discharge in
compound sections used.
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Reference %RMAE  %RME RMSE %35° R2 Improved error % RMSE
Pavlovskii 17.2 -8.3 20.7 23.9 0.94 39.5
Horton and Einstein 16.9 -1.7 20.8 240 0.94 385
u.s 16.2 -4.4 195 22.15 0.94 35.8
Yenl 194 -11.9 25.3 295 0.81 46.4
Yen2 14.4 -3.0 15.7 17.9 0.96 27.8
Yen3 16.7 -7.3 20.8 24.0 0.82 37.7
Yend 15.7 -5.0 175 19.9 0.95 33.8
Yen5 18.7 -10.4 27.7 28.9 0.92 44.4
Proposed Method 10.4 5.0 6.8 7.1 0.99 -
1.0 *
500
08
o
go.s 400
o4 o
o) T 300
0.2 ;,._
0.0 “

g

00 02 04 06 0.8 1.0
Observed Q

100

0./ 50 100 150 200 250 300 350 400 450
Observed Q
—— Best fit line X DCM Method 4 Proposed Method

Fig. 6- Comparison of calculated discharge by divided channel method with proposed method
G iwin w9y b &lalo pamdi (g bt dawxe (o3 duw o —F S
VAN olias 36F 2 ylowd (o3 33k Jlw ¢yl sl ST @alio Wil
Volume 15, No. 4, Winter 2020 (IR-WRR)
Yy



Fig. 5- Evaluation of divided channel method for estimating discharge in compound sections
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Reference %RMAE %RME RMSE  %%* R2  Improved error %0RMSE
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Fig. 7- Comparison and evaluation of the accuracy of the proposed method with DCM and SCM method
(Yen 2 equation) in a river cross section
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Table 6- Evaluation of different methods for estimating discharge in compound sections used
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Reference %RMAE %RME RMSE %02 R2 Improved error %RMSE
Ervine et al. 72.8 67.5 90 37576 0.6 85.7
Haidera and Valentine 23.1 -19.3 28.5 33.9 0.92 55.0
WDCM 13.1 9.4 14.4 15.6 0.99 20.6
Hosseini 17.0 -9.5 6.5 7.1 0.99 33.8
IDCM 12.2 5.4 12.2 13.0 0.99 14.7
Proposed Method for
WDCM Improvement 11.6 2.3 13.3 11.0 0.99 -
Proposed Method 10.4 5.0 6.8 7.1 0.99 -
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