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and significant issues among researchers because of the complexity of
measurement and calculations. In this research, the application of the
SVM and GEP intelligent models has been considered to determine the
vertical velocity profile at the submerged hydraulic jump downstream of
a sluice gate. Laboratory measured data of nhumber 312 has been used in
the simulation. Using dimensional analysis, dimensionless input
parameters were introduced to models including upstream Froud number
(Fr1), Tail-water Froud number (Frs3), the ratio of upstream flow depth to

the tail-water depth (?), the ratio of the gate opening to the channel width
3

(%), and the ratio of vertical distance from the channel bed to the channel

width (E). Using the gama test, all five parameters were determined as the

optimum combination to simulate velocity profile. Of two Nu-SVM and
C-SVM classification models, the first one was opted as optimum model
of the SVM algorithm with RBF Kernel function with the setting
parameters Y and Nu of values 1.2 and 0.486, respectively. The
performance of the Nu-SVM and the GEP intelligent, models were
assessed using statistical criteria. The results showed that the values of

(RMSE, R?, (=) ) indices for the test phase of the Nu-SVM and
U, /DDR(max)
the GEP algorithms are (0.09588,0.9770,0.4489) and

(0.1161,0.9718,0.3588) respectively; illustrating the superiority of the Nu-
SVM algorithm. Also, according to the gama test, the arrangement of the

effective dimensionless parameters on the velocity profile is %, Fry, %, Frs

and 2.
Y3

1. Introduction

The control of flow velocity to prevent damage and destruction in hydraulic system and structures is
one of the significant aspects of their safety design. As a non-structural type of energy dissipater
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method, hydraulic jump has more application in this field. Free and submerged states are two types of
hydraulic jump that may be observed in hydraulic conduits. A vast number of experimental, empirical
and theoretical equations have been developed to model the depth velocity profile of submerged jump.
But, acceptable precise have not been gained due to the inability of these equations to quantify some
effective parameters on depth velocity distribution. Machine learning algorithms as a type of data
mining approach, are capable to extract the complex and hidden relationships between dependent and
independent variables. In this research work, the depth profile of the flow velocity in the submerged
hydraulic jump formed downstream of the sliding valve using SVM and GEP algorithms based on the
laboratory data of Bijankhan et al. (2017) has been done.

1.  Materials and Methods

Experimental dataset of number 312 were utilized to simulate the depth velocity profile of submerged
hydraulic jump from Bijankhan et al. (2017). All experiments have been done in a plexigalss flume of
rectangular section with length of 7 m, width 1.179 m and height 1 m. Support Vector Machine (SVM)
and Gene Expressing Programming (GEP) were employed to predict depth velocity profile. Five

dimensionless parameters including Fr, Frs, % %% were extracted using dimensional analysis to
3

predict velocity profile. All five predictors were normalized between (0,1) and a Gamma test was
implemented to opt optimize combination of above-mentioned parameters. The values of I’
demonstrated that all independent parameters have remarkable role to predict velocity profile. The

effect order of parameters is § Fry, % Frs and ? respectively, based on the gamma test. Root mean
3

square error (RMSE), determination coefficient (R?) and normalized Developed Discrepancy Ratio
(Zoor) were used to evaluate models' performance.

2. Results

Nu-SVM and C-SVM classification approaches were assessed to predict velocity profile. The values
of RMSE, R? and Zppr indices of superior approach (i.e. Nu-SVM) during training and testing phases
were obtained (0.08376, 0.9825, 0.3178) and (0.09588, 0.9770, 0.4489), respectively. The share of
training and testing phases of datasets were 80% and 20%, respectively. Of all data, the share of training
and testing stages for GEP algorithm were 75% and 25%. The values of RMSE, R? and Zppr indices
for GEP model during training and testing phases were calculated as (0.2183, 0.8609, 0.2045) and
(0.1161, 0.9718, 0.3588), respectively.

3. Discussion and Conclusion

Ability of machine learning methods including SVM and GEP was evaluated to predict the vertical
velocity distribution in submerged hydraulic jJump using experimental data gathered from a rectangular
section. Although assessment indices proved both models capability, but the outcome of SVM was
accurate.
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Performance Assessment of Various Data-Mining Methods to Determine
Depth Velocity Profile at Submerged Hydraulic Jump

Mahdi Majedi-Asl', Mehdi Fuladipanah”

Abstract

Vertical velocity distribution at hydraulic jump is one of the challenging and significant issues among
researchers because of the complexity of measurement and calculations. In this research, the application
of the SVM and GEP intelligent models has been considered to determine the vertical velocity profile
at the submerged hydraulic jump downstream of a sluice gate. Laboratory measured data of number 312
has been used in the simulation. Using dimensional analysis, dimensionless input parameters were
introduced to models including upstream Froud number (Fr1), Tail water Froud number (Frs), the ratio

of upstream flow depth to the tailwater depth (i’/—l), the ratio of the gate opening to the channel width
3

(%), and the ratio of vertical distance from the channel bed to the channel width (E). Using the gama

test, all five parameters were determined as the optimum combination to simulate velocity profile. Of
two Nu-SVM and C-SVM classification models, the first one was opted as optimum model of the SVM
algorithm with RBF Kernel function with the setting parameters y and Nu of values 1.2 and 0.486,
respectively. The performance of the Nu-SVM and the GEP intelligent,models were assessed using

statistical criteria. The results showed that the values of (RMSE, R?, (Ui)DDR(maX)) indices for the test
1

phase of the Nu-SVM and the GEP algorithms are (0.09588,0.9770,0.4489) and (0.1161,0.9718,0.3588)
respectively; illustrating the superiority of the Nu-SVM algorithm. Also, according to the gana test, the
Z

arrangment of the effective dimensionless parameters on the velocity profile is o Fr, %, Frs and %
3

Keywords: Flow Velocity, Gamma test, Hydraulic jump, Gene Expression Programming,
Support Vector Machine.
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