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Comparison of Different Relationships for Estimating Longitudinal
Velocity Depth Profile Based on The Optimization Method Using Genetic
Algorithm

Maryam Teymouri Yeganeh', Rasool Ghobadian',Mohammed Mehdi Heidari*

Abstract

Depth distribution of longitudinal velocity in rivers and open canals is required for modeling many
hydraulic processes. Therefore, introducing the most appropriate relation to estimating the velocity
distribution has always been of interest to researchers and is constantly evolving. With the development
of entropy theory and genetic programming based on the principle of natural evolution, these methods
have been applied in a wide range of engineering sciences including fluid mechanics and hydraulics.
The purpose of this study was to calculate the unknown parameters of velocity distribution relationships
and estimate the longitudinal velocity profile using binary genetic algorithm optimization. For this
purpose, the unknown parameters of Yang, Julian, Chiu, and Tsallis models, which are 4, 5, 3, and 5
respectively, were optimized using a genetic algorithm. After determining the unknown parameters of
each model, a statistical comparison was performed between the measured and estimated velocity
values with the optimized relationships. The results showed that the one-dimensional velocity
distribution estimated by all four models is accurate related to the experimental data. Root Mean Square
Error (RMSE) for all one-dimensional velocity distribution simulations in the Yang model is 0.054, for
the Julian model is 0.052, for the Chiu model is 0.042, and for the Tsallis model is 0.035m/s. However,
considering the number of optimal parameters extracted by the Julian and the Thessalian models, it is
recommended the use of these models to alluvial rivers.

Keywords: Chiu method, Deep phenomena, Julian model, Optimization, Tsallis model, Velocity
distribution, Yang model
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Comparison of Different Relationships for Estimating Longitudinal
Velocity Depth Profile Based on The Optimization Method Using Genetic
Algorithm

Maryam Teymouri Yeganeh', Rasool Ghobadian*', Mohammad Mehdi Heidari"

Introduction

Velocity distribution is one of the most important issues in the study of flows in open channels, because
of calculating discharge and average velocity, evaluating the shear stress on the walls, estimating
sediment and contamination transfer and also calculating flow resistance. Therefore, introducing the
most appropriate relation to estimating the velocity distribution has always been of interest to
researchers and is constantly evolving. The main purpose of the present study is to optimize the
unknown parameters of some appropriate relations such as: Yang, Julian, Chiu, and Tsallis models,
which have 4, 5, 3, and 5 unknown parameters respectively, for different hydraulic conditions. In
particular, the optimization of the entropy parameters of Tsallis and Chiu using genetic algorithms,
which is itself a new aspect of the present study.

Methodology

In order to study the flow velocity distribution using the appropriate models of the present study, the
data measured by Guy et al. (1956-1961) were used. The experiments were performed in two laboratory
flumes at the University of Colorado at widths of 0.61 meters (2 feet) and 2.44 meters (8 feet) and
lengths of 45.72 meters (150 feet). The maximum flow rate in these laboratory flumes was 623 liters
per second. The bed slope of the mentioned flumes changes between 0 and 1.5%. The bed of laboratory
flumes is covered with 10 different types of granulation in the sand range with a diameter of 0.19 to
0.93 mm. Also, water depth and flow discharge was measured by using depth gauge and Orifice,
respectively. In present study 6 set of the experimental data measured by Guy et al. were selected. With
comparison the measured velocity and calculated ones, and using genetic algorithms, unknown
parameters of Yang, Julian, Chiu, and Tsallis models were optimized. Then the different optimized
velocity distribution relationships were compared to each other and also with the measured values.

Discussion and Conclusion

In this research, first, the optimal values of the parameters in Yang and Julian models and the
relationships based on Chiu and Tsallis entropy were determined using genetic algorithm. Then, the
optimized one-dimensional velocity distribution was plotted against the measured velocity distribution
of Guy et al. (1956-1956). In addition, the values of the calculated parameters for the mentioned models
for each experiment set were presented (Table 1). Also, the result showed:

-After optimizing the unknown parameters of each model, the computational velocity profiles were
matched to the measured profiles with appropriate accuracy.

-The shear velocities calculated in Yang and Julian models are slightly different from the values
proposed by Guy et al. (1961-1956) because of the different method of calculating shear velocities
based on the slope and hydraulic radius by Guy et al. (1961-1956) and with the optimization method in
the models discussed in this research.
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-By optimizing, it is possible to directly calculate the entropy parameter of Chiu (M) and the entropy
parameters of Tsallis(y,,x.,m), unlike previous methods. This increases the accuracy of these models,

especially in calculating the value and position of the maximum velocity in the depth distribution of
longitudinal velocity.

-Statistical comparisons showed that values of Root Mean Square Errors (RMSE) of one-dimensional
velocity distribution simulations were 0.054, 0.052, 0.042, and 0.035m/s for Yang, Julian, Chiu and
Tsallis models, respectively. However, considering more optimized parameters obtained in Julian and
Thessalian models, it is recommended the use of these models in alluvial rivers.

Table 1- Optimal values of parameters of 4 studied models in the present study

Test Number Yang model Julian model Chiu method Tsallis method
u, =0.063 u.=0.063 Uy = 0.491 Uy = 0.483
Test 4 k =0.42 k=0.42 M = 2.039 L, =4.47
z,=0.003 z,=0.003 h=0 L. =0.55
p-0o78 =0 h=0
11, =0.01 m=1.479
u. =0.09 u. =0.06 Uy =1.231 Uppe =1.223
K =0.41 k=0.379 M =4.156 A, =4.21
Test 7 2,=0 ,=0 h=0.024 . =0.659
B=0.142 z,=0121 h =0.0249
11, =0.75 m =1.481
u.=0.125 u.=0.125 Uy =1.595 Uy =1.588
k=0.42 k =0.398 M = 4.809 A, =7.14
Test 10 z,=0 z,=0 h=0.046 L.=-139
B =0.229 Z, =0.15 h =0.044
1T, =0 m =1.497
u.=0.141 u.=0.15 Upge =1.77 Uy =1.835
k =0.391 k=0.414 M =3.511 A, =5.28
Test 11 z, =0.001 z,=0.001 h=0.011 L. =-0.06
p-0o78 =M h=001
11, =0 m =1.495
u. =0.107 u. =0.109 Uy =1.573 Upee =1.573
k = 0.387 k =0.389 M =3.951 A, =5.84
Test 12 z,=0 2,=0 h=0.041 L. =-0.54
B=0.141 Z, =0.115 h=0.04
1T, =0 m =1.501
u. =0.152 u.=0.18 Uy =1.848 Uy =1.852
k =0.382 k=0.42 M =2.951 A, =3.87
Test 20 z,=0.001 z,=0.001 h=0.048 1. =0.825
B =0.149 z, =0.105 h =0.046
I, =0 m=15
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