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Revised:2021/09/30 Introduction: Using a non-linear weir to pass more excess water for
Accepted:2022,/03/07 a certain water head than a linear one has been extended
Online: 2022,/03/13 remarkably. As a significant parameter, the discharge coefficient
plays a key role in the passing flow rate. A combination of geometric
and hydraulic parameters affects the value of the discharge
coefficient. In this paper, two data-mining algorithms SVM and GEP
have been implemented to discover hidden and complex
relationships among the discharge coefficient and effective
parameters.
Methods: In this research work, nine physical models of labyrinth
weir with different values of wall angles, weir height, nose shape,
inlet slope, and crest shapes were used to study the effect of
geometric and hydraulic characteristics on the discharge coefficient.
A rectangular reference model was used to compare the effects of the
changes. In addition to laboratory study, two SVM and GEP
algorithms were run using dimensionless parameters to simulate the
discharge coefficient for various conditions.
Findings: The experimental results showed that increasing the wall
angle increases the discharge coefficient. The discharge coefficient
experienced rising values as the weir height increased. Improving
flow conduction and non-collision of flow napes increased the
discharge coefficient. Two algorithms had accurate performance, but
the GEP was superior to the SVM. It can be concluded that inclined
guidance wall has an important role in flow conduction. The weir
height has the same effect with decreasing nape collision. The results
of the simulation proved the utilization of data-based GEP and SVM
models.
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Extended Abstract

Introduction

Non-linear weirs have more passing length
than linear ones for a certain value of flow
width, so they have more utilization for
water surface adjustment, flow control in
channels, rivers, and dam reservoir
purposes. Labyrinth weir is a common type
of non-linear weir that has been considered
by researchers in recent decades. The effect
of some geometric and hydraulic
characteristics appears as discharge
coefficient in the head-discharge
relationship. For the same conditions, the
higher the discharge coefficient, the more
flow will pass over the weir. The
experimental study is one of the methods to
determine the effect of parameters on the
discharge coefficient value. Due to the
occurrence of complex phenomena that
cannot be measured or the existence of
physical limitations in the laboratory, the
use of intelligent artificial methods has
become a growing trend in recent decades.
The GEP and the SVM are two algorithms
with train and test base phases that are used
to extract the hidden and complex
relationships among dependent and
independent variables. In this research
work, in addition to the experimental
assessment of different geometric and
hydraulic  parameters on discharge
coefficient, the outputs of the two mentioned
algorithms have been considered and
compared with laboratory results.

Materials and Methods

In this research work, all experiments were
performed in a rectangular flume of length
13 m, width 1.2 m, and height 0.8 m in the
hydraulic  laboratory = of  Maragheh
university. The flume was equipped with an
electromagnetic flowmeter with an accuracy
of £3 percent and a gage depth of accurate
#0.1 mm. The bed slope was horizontal.
Eight labyrinth weirs of plan trapezoidal
(with three wall angles of 12, 20, 35 degrees,
flat and quarter-circle in the crest shape,
with linear and semi-circle in nose shape,
with a 1.5% increase in the weir height and

upstream inlet bed slope of 0 and 1:1.5)
were tested with a rectangular plan shape
labyrinth weir as a reference model. Physical
models were made from polyethylene of
thickness 1 cm. All data were gathered after
passing ten minutes from starting each test
to achieve hydraulic stability. Using

dimensional analysis, five dimensionless
L. P

. H
parameters were determined as ?t, Fr, W W

%, SF and C. The independence of parameters

was checked using the correlation test.

Findings

The angle of the inlet wall had a positive
effect on increasing Cd values so that the
average increase values of Cq for LW12,
LW20, and LW35 than RLW were 42, 71, and
76 percent respectively. The slope of the
upstream inlet bed along with the change in
the crest nose shape compared to the control
model has increased the discharge
coefficient. The average percent
improvement of Cq for LW12SU than LW12
was 9.2 and that of LW35SU than LW35 was
12.3. Anincrease of 1.5% in the height of the
weir has improved its performance. The
average value of performance improvement
of LW35SUM to LW35 is 26.5 percent and
that of LW12SUM to LW12 is 20.4 percent.
The total number of experimental data was

212. The optimum model of the SVM
simulator included %, % vﬂv’ %, SF and C
parameters. The share percent of the train
and the test phases were 60 and 40
respectively. The maximum values of C4pppr)
for the train and test stages were 11.16 and

9.76 respectively. The superior model for the

GEP algorithm included %, Fr, = » A, SF and

TWW W
C parameters. the share of the train and test
phases for the GEP were 80 and 20 percent,
respectively. the highest values of Cqpbr)
through the train and test phases were

obtained 9.302 and 10.55 respectively.
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Discussion

The experimental results showed that
improving flow conduction increases the
discharge coefficient of the weir. Geometric
parameters i.e. the angle of upstream inlet
wall, the height of the weir, and upstream
inlet bed slope have a positive effect on the
Ca values. These three factors justify
streamlines and prevent nape collision. Of
course, the shape of the weir crest and nose
have an affirmative effect on the Cq values.
Their corrective action was illustrated in the
combination with the weir geometry. The
results proved that SVM and the GEP
algorithms are capable to simulate the Cq4 for
the labyrinth weir with high accuracy. The
amount of performance assessment criteria
showed the superiority of the GEP over the
SVM.

Conclusion

Upstream wall angle, upstream bed slope,
and the weir height have improving effects
on the labyrinth weir performance. Their
effect boosts with the combination of the
round shape of weir crest and nose shape.
Data-mining SVM and GEP algorithms are
potential to predict the Cq with high accuracy
under different hydraulic and geometry
conditions.
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