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Table 1. The error function of the equation (7), Ahmad et al. (2008) and Ayoubloo et al. (2011) research via

experimental observations of S/D;.
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Figure 1. Comparison of results of equation (7) via the experimental observations.
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Figure 3. The results of testing phase of ANN via
experimentation to estimate of S./D;.
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Abstract

Background and Objectives: Horizontal intakes are one of the most important parts of
hydraulic sets such as rivers for irrigation or reservoirs for power generation and industrial
purposes. Air entrainment, by means of a free air-core vortex occurring at intake pipes, is an
important problem encountered in hydraulic engineering. Intake submergence depth could result
in formation of the vortexes. In the current literature, the distance from the bottom of channel
(O) had no effect on the equations and this equation was presented only in two states as two
separate equations as follows, C=0 and C=D,/2.

Materials and Methods: In this study, equations for estimating critical submergence are
developed using experimental data. At first, the equation of present study was determined using
dimensional analysis, nonlinear regression and SPSS software. In the next step, the artificial
neural network and the genetic programming models were used to investigate the accuracy of
the results. The proposed equation includes the effect of vertical distances of intake to the
bottom of channel, velocity and Froud number. In this equation, the value of RMSE and R” are
0.3165 and 0.9363, respectively. The results of previous research are used in validating of this
equation.

Results: All the results was compared and Ahmad et al. in comparison with experimental
results predicted the depth of critical submergence 8.3% more; even though experimental results
of Ayoubloo et al. predicted it 6.8% less and the proposed equation of this research predicted
the value 0.5% more. However, the artificial neural network predicted the depth of critical
submergence 1.03% less in comparison with experimental results, while the genetic
programming model estimates the depth of critical submergence 1.63% more.

Conclusion: Comparing the results of artificial neural network and genetic programming
represent that the error function of the proposed method is less than both of them.

Keywords: Submergence depth, Nonlinear regression, Neural network, Genetic programming
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