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5. Roller bucket
6. Flip bucket
7. Ski jump

8. Plunge pool
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1. Computational Fluid Dynamics
2. Volume Fraction Method
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3. One-equation turbulent energy model

4. Two equation f -¢ model
5. Renormalized group model
6. Symmetry

7. Wall

8. Outflow

9. Specified velocity

10. Volume flow rate
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1. Large Eddy Simulation Models (LES)
2. Prandtl mixing-length model
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Table 1. Hydraulic and geometric conditions of test in

flip bucket
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(Fr) Vo(m/s) hy (m)
3 1.88 0.040
4 2.5 0.040
5 3.1 0.040 R =01
7 4.4 0.040 B=10
8.5 5.3 0.040
10 6.3 0.041

Sl ladie 5 Ve sy dsae Ll Ol mlaw by ¥ IS
bl mhaw Jds S8 & a5 bdas o 0L k-6 5 RNG
Aty AT s b e iille o Saidl Jde 55
VWl s et /0 G2 e e VIO Jsb b gade e ghuasis
S eVl sl €l>.u'\J:,aL5"JL.~Y QJ}L« sl OeeR S e
2 ama S bh el 0 e g0 S
Oslize by baeslps 5 B 50 03 5 slps o0 bs S
Ll ol a9 dde oL ) @L"JY Jadr 55 AL e V5l>
S35 5 (Stes s 03 Vo s 0V Jsdr 4 4 g
L s g S @ s bl glaar e nslie 05y
Sass i Jsd BB slol > 5l k-6 sRNG [ Srasl glads
wh-g SaaslJdue b s b)) axls 5o 5o bl sl e
Ll 5S35 e I

dde 2l gl =Y Jgr

Table 2. Results of model evaluation
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Figure 1. Laboratory model design

1. Mean Absolute Error
2. Root Mean Square Error
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Figure 2. Simulation of water surface profile with RNG and £ -¢ turbulence models and compared with experimental results
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Figure 3. View a simulated 3-dimensional models, a. Overflow with

simple flip bucket, b. Overflow with flip bucket and approach channel
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Table 3. Hydraulic and flow boundary conditions used in modeling
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Figure 4. Boundary conditions and meshing model, a. Boundary conditions, b. Meshing
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Figure 5. Water surface profile in model 1 with 0 =15 L/s , a. Modeling with k -¢ turbulence, b. Modeling with RNG turbulence
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free surface elevation contours (m)

free surface elevation contours ()
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Figure 6. Compare the jet length with 0 =25 L/s , a. Model 1, b. Model 2
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Figure 7. Maximum velocity and flow pattern over the spillway and flip bucket in models, a. Model 1, and b. Model 2
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Figure 8. Maximum pressure over the spillway and flip bucket in models with 0 =25 L / 5, a. Model 1, b. Model 2
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Abstract

Numerical Modeling and Analysis of Flow Hydrodynamics in Flip Bucket and
Approach Channel

S. Farzin', H. Karami®, M. Fazlollahnejad® and Sh. Nayyer*
Received:2016/04/26  Accepted : 2018/03/14

Flip bucket is the main part of an energy dissipation structure called ski jump system. In this research,
hydraulic characteristics such as jet length, velocity, pressure and Froude Number in four discharges are
studied by Flow-3D in two models including spillway with simple flip bucket and spillway with approach
channel. For turbulence modeling, RNG and models are used. Validation showed that model is more
accurate. The results indicate that the approach channel model has longer jet length and more energy
dissipation compared to the other model. In this model, maximum velocity, equal to 2.30 meter per second,
occurs at the beginning of the channel for 20 liters per second discharge. Also, maximum increase percentage
in velocity happens in the model of approach channel spillway amounting 32 percent for discharge of 15
liters per second. The results of pressure analysis show that the pressure changes in the two models have no
tangible differences. Moreover, maximum pressure is on the toe of the spillway in the first model amounting
2833 Pa for discharge of 25 liters per second. Additionally, maximum Froude Number (4.5) occurs at jet fall

in the simple flip bucket model and in approach channel model it occurs in the channel.

Keywords: Flip bucket, Approach channel, Energy dissipation, Turbulence models, Flow-3D
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