oyl o aibio wlibios
Iran-Water Resources
Research

Technical Note

Prediction of Discharge Coefficient for Broad
and Sharp Crested Weirs by Fuzzy Inference
System and Neural Fuzzy Inference System

Y. Mehri #*, N. Abbasi 2 and H. Arvanaghi 3

Abstract

Sharp and broad crested weirs are the most commonly used
tools for measuring the flow in irrigation and drainage
networks. Considering the importance of exact calculation of
discharge and the just allocation of water, estimating the
discharge coefficient for the weirs is so essential and
important. In this research, application and reliability of two
intelligent models of fuzzy inference system and ANFIS
models were studied for estimation of the rectangular sharp-
crested and broad crest weir discharge coefficient. For this
purpose, a laboratory flume was used to determine the flow
velocity and flow rate over different weirs. Then, analytical
evaluations were made using optimization models for
determination of weirs’ discharge coefficients. Statistical
analysis of the results showed that ANFIS model with the least
amount of RMSE and R? =0.96 for sharp-crested and R? =
0.95 for broad-crested weirs is the most reliable method in
comparison to the others.
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Fig. 1- Test flume
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Table 1- Fuzzy rules (rectangular sharp crested weir)
((ebims 525 & 2 o) (538 (ilsB ) Jgs>

H P Cd
Medium Low Medium
Low Medium High
High High Low

Table 2- Fuzzy rules (broad-crested weir)
(o 4 325 0w) G538 oomileB Y Jgo
H H cd
L p
High High High
Low Low Low
Medium Medium Medium
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Table 3- Optimal Membership functions (sharp crested weir)
(jad 525 p) Cuguis qilgi 00w gt y23lo -V Jgo

Variable Membership functions

1} o
Low 0.0594 0.263
P Medium 0.39 0.206
High 0.912 0.289
Low 0.0936 0.137
H Medium 0.408 0.170
High 0.530 0.172
Low 0.118 0.145
Cd Medium 0.140 0.134
High 0.644 0.230
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Table 4- Optimal Membership functions (broad crested weir)
(R ad 52y pw) Cugis @il it 3o -F Jooo

Variable Membership functions

U G

Low 0.089 0.161

E Medium 0.329 0.177
P

High 0.946 0.260

Low 0.079 0.175

H Medium 0.321 0.166
L

High 0.890 0.256

Low 0.263 0.253

Cd Medium 0.802 0.098

High 0.985 0.124
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Fig. 2- The relationship between inputs and outputs in Fuzzy Inference System
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Fig. 3- Number of optimal trial and error iterations in train stage; (a) Broad crested weir. (b) Sharp crested
weir

(3549 32000 10 9 R & 2y por 2N (S5900 )3 iy (S 1,55 sl - JSS

7 1.95
a) b)
6 L2
185
°l |
1.8
o ;
Error Error
175 |
|
| 1.7+
|
2\
1.65 l
= — 1.6
ol— n g - . L | 156 P L L " . N 2
0 10 20 30 40 S50 60 70 81 90 100 0 20 30 40 50 60 70 80 90 100
repeat repeat

Fig. 4- Number of optimal trial and error iterations in test stage; (a) Broad crested weir. (b) Sharp crested
weir
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Fig. 5- The relationship between observed and predicted values using discharge coefficient yield in ANFIS
model. (a) Broad crested weir (b) Sharp crested weir
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Table 6- Model Comparison (Sharp crested weir)
(35 & 32y p0) B0 (o dunnglo F Jgo

Model RMSE R?
Fuzzy Inference System 0.211 0.510
Neural Fuzzy Inference System 0.042 0.960
Rebok (1920) 0.160 0.621

Table 7- Model Comparison (Broad crested weir)
(e 4 325 50) Lo (ot dwmnilile -V Jg>

Model RMSE R?
Fuzzy Inference System 0.151 0.504
Neural Fuzzy Inference System 0.044 0.947
Salmasi (2013) 0.065 0.942

Table 8- Sensitivity analysis results for the inputs in ANFIS model

s - 551 Je 13 (63959 (51 peio Cumwlis 3T guls -A Joio

Neural Fuzzy Sharp crested weir

Inference System

Board crested weir

Sensitivity analysis f(H) e &
P L

RMSE 0.094 0.162 0.11

R? 0.82 0.43 0.72
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