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Fig. 1. Schematic view of flip bucket [2]
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number of mesh blocks 3
meshing type of mesh rectangular
number of
computational cells 653670
inlet Specified Velocity
boundary outlet Continuative
conditions sides wall
Internal obstacle Solid
turbulence model k-g (RNG)
govemmg Viscous str_ess solver Explicit
equations algorithm
pressure solver GMRES
algorithm

Table 1. mesh and boundary condition data
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First step: Gathering and analyzing of

basic data e

Collecting the data needed for the physical model of flood discharge system :
such as Hydraulic parameters and Geometry parameters I
I

Second step: Determining constraints and objective

01871 1+ ) -
f 1
: Determining the system objective functions and constrains to simulate the behavior of flip bucket l I
I
1
1 v I
|
| [ Set an optimization model can be connected to a meta-model ] I
| !
hird step: Developing and calibrating the simulated
nodel of flip bucket by Flow-3D software
D e e e e e \

-

Creating a 3D geometry of flip bucket by AutoCAD software
Creating a mesh network based on the accuracy required

e Setting the software modules according to the governing
physical conditions

¢ Analysis the numerical model

Calibrating and verifying
the simulated model

Are the results of
the analysis close to

/ Saving the required data
the lab results?

o e e e o e e e e

Fourth step: Simulating a meta-model based on running the|calibrated

models of flip bucket for different amount of geometry

: Repeating the third step by Developing a meta-model using

|| changing the dimensions of Is the number of Artificial Neural Network to predict

| [the bucket and fixing the other output sufficient? Maximum hydraulic pressure and energy
|| conditions and parameters
|

|

|

|

dissipation on downstream channel
|

L

Determining the optimal dimensions of flip bucket utilizing the fuzzy simulation - optimization model |
connected to simulated meta-model |

Fig. 2. Flowchart of the proposed methodology for simulation — optimization model to determine the optimum dimensions of flip
bucket
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5 Scatter Index (SI)
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Fig. 4. a. The pressure head distribution along bucket for 5
different discharges b. The pressure head distribution in
comparison with flow depth for 2 different discharges
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Bias | 0.00004 | -0.00077 | 0.00003 | -0.01623
Sl 0.06308 | 0.11826 | 0.11495 | 7.10833
RMSE | 0.0806 0.15578 0.1267 0.20337
RMRE | 0.23475 | 0.34509 | 0.29558 | 0.40503
cc 0.99834 | 0.99487 | 0.99364 | 0.98588

Table 2. Error criteria of both Artificial Neural Networks that
predict Max. pressure head and energy dissipation
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Table 3. Comparing the results of maximum pressure, energy
dissipation, and objective function for flow rate 0.1612 cubic
meter per second and different dimensions of flip bucket

S5 domd -0
Solwicagy didor Sl e (S dsrie (Shany opl 03
Fgman gmas 4od Jde 5 Flow-3D Juts oS53 5 S
sl Jhals e 5l oL, (*L?Lkgeblg\&:.g:)}k;a@

Ole Sl 8l ol e 4 plr 28T 1 55l (Saling s

183

(6551 SNl w5 035 5 /7 e JLis 1 035 gy
el g slad ol omul dd a3l 5 Y
ij}ﬂ:uAW)aMqu\M\wb\ﬂ&Uﬁ
55 v IYA) e V8 glad iy (Slal 31 plIS s & e esls

ol Cdas 443 £8/0 Sl Bl s gly 5 (K58 e

et S S (O 5 s (53,1 SN Ol s () Al (0) S

Ww&fﬁ J‘ML&AJ‘;M&.‘J&,&

0.7 <

) -

5 - ..‘_ ‘.-I':-:-I

".-c'c':" * ’”.:"'."

S 054 » .'r‘!,;"-‘. y

@ NG

E \*.:-'-:'I-r *

"E - ,'.;\i' .

E * .:i:‘.‘- * -

A AL

< 03+ I

03 . 03 . . 07
predicted energy dissipation (T}
s Daapoint  -----m- Linzar (Data point) |
0.03 ;

3 >

E ] *

i *

2 el

a, .9,;‘

g 001 + i s

E (:
E "‘.f‘..
B A

g ;

g 0.00 i
= 0 0.0125 0.025

predicted relative max. pressure ()

-

Diata point

Linzar (Data point)
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head in the testing phase
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Abstract:

Downstream energy dissipation of large dams is one of the most important concerns in the design procedure
of dams. Flip buckets are employed when the velocity of flow at the downstream of the spillway is in excess
of typically 20 m/s because of problems with stilling basins in terms of cavitation, abrasion and uplift. One
of the most important issues in flip buckets is determining their optimal dimensions in order to increase
energy dissipation and reduce maximum pressure on the surface of the flip bucket, simultaneously.
Nowadays, the increase in computational power of computers for analyzing complex problems has led to the
development of numerical modeling techniques and representing artificial intelligence models. Therefore,
numerical models became more popular, in contrast with physical models which are often very time
consuming and expensive. Hence, most of the researchers utilize these methods to analyze complex
engineering problems. In this research, by developing a new simulation-optimization methodology, the
optimum dimensions of the flip bucket were determined based on the FLOW-3D model, artificial neural
network (ANN) model and Genetic Algorithm (GA) models. The aim of determining the optimum
dimensions is to calculate the radius of curvature and also the deflection angle of the flip bucket such that the
maximum pressure on the surface of the bucket be minimum and the relative energy dissipation be
maximum. Based on this methodology, firstly, the flip bucket of the Jareh dam is simulated for different radii
and deflection angles using Flow-3D software. The calibration process is carried out on the basis of the
experimental results which were obtained from the laboratory model. This laboratory model is built in the
Water Research Institute of Tehran. Thereafter, an artificial neural network (ANN) as a meta-model is
trained using the maximum pressure on the surface of the bucket and the amount of energy dissipation after
the impact of trajectory jet with the downstream channel bed. Afterwards, it is evaluated by the data that
were not used during the training phase. The ability of this meta-model is to predict the values of the
maximum pressure on the surface of the flip bucket and the amount of energy dissipation after the impact of
trajectory jet with the downstream channel bed for different dimensions of flip bucket. By combining this
neural network meta-model, with the genetic algorithm (GA) optimization model, the optimum dimensions
of the mentioned flip bucket are determined. The optimum dimensions of flip bucket based on the mentioned
objectives are found to be equal to the radius of 14 meters (0.28 m at physical model) and angle of 44.5
degrees. The results show that despite the reduction of dimensions in comparison with the original size of
flip bucket, the rate of energy dissipation has been increased (about 14% for the PMF flow).

Keywords: Flip bucket, Genetic Algorithm, FLOW-3D, Energy dissipation, Artificial Neural Network.
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