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Abstract: In the present numerical study, by using the Fluent software, the ability of it to predict the complex flow 
conditions is presented. In this purpose, experimental data over a flip bucket in different hydraulic conditions were 
selected. To simulate the turbulence phenomenon, k-ε  Standard turbulence model was selected. Moreover to predict 
jet surface the VOF free surface model was employed. Finally by comprising the numerical model and available 
experimental results, a good agreement was observed. 
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1. Introduction 

The energy dissipater structure for a spillway 
could be a flip bucket because it is generally the most 
economical solution. Improving in design parameters 
of a flip bucket will protect the tailrace from scouring 
of impacted jet. Analysis of flow with free surface 
which passes over a curved boundary by the gravity 
force is a challenging problem in hydrodynamics. 
From 1933 till 1954, United State Bureau of 
Reclamation (USBR) regarding to hydraulic model 
tests, covered a complete range of bucket sizes and 
tail water elevations, were conducted to verify the 
bucket dimensions and details and to establish 
general relations between bucket size, discharge 
capacity, height of fall, and the maximum and 
minimum tail water depth limits. Analytical studies 
on potential flows past spillway flip buckets were 
done by many researchers such as: Siao and Hubbard 
(1953), Tinney et al. (1961), Orlov (1968) Siao et al. 
(1988). Xie-Qing Xu and Xiao-Xia Sun (1990), by 
using the finite element method, obtained pressure 
distribution over spillway and flow bucket. Vischer 
and Hager (1998) proposed that flip buckets are used 
when energy has to be dissipated for a flow velocity 
larger than about 15–20 m/s. Roman Juon and Willi 
H. Hager (2000) and Valentin Heller et al. (2005) and 
Remo Steiner et al. (2008) performed some 
investigations on flip buckets, including scale effects 
in hydraulic models, bucket pressure distribution, and 
nappe trajectories with and without the presence of 
deflectors. 

Regarding to the previous researches, in the 
present study by using the FLUENT Software, flow 
over the flip buckets at dams was numerically 
studied. 

 

2. Experimental Data Collected  
Selected experimental tests for this numerical 

study were conducted in a smooth channel by Roman 
Juon and Willi H. Hager (2000). The selected test 
cases include eight fixed-bed cases. All experimental 
tests were conducted in a flume with 499 mm wide 
and 700 mm deep with a total length of 7 m (Figure 
1).  
 

 
Figure 1. Schematic view of the selected 
experimental setup: (a) Side view (b) Plan view 
 

In the Figure 1, notification numbers are as 1) 
Jet box, 2) Approach channel, 3) Flip bucket, 4) 
Downstream channel, 5) Start of chute. Other 
parameters are given in Table 1 (F0=V0/(gH0)1/2).  

The channel had a PVC invert and right wall 
and a left glass wall. The flip bucket consisted of a 1 
m long approach channel with a bucket of radius R 
and deflection angle β. The approach channel was 
inserted 250 mm above the original channel invert. 
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Table 1. Selected Experimental Parameters 
 R (cm) F0 H0 

Test 1 20 5 5 
Test 2 20 4 6 
Test 3 20 4 5 
Test 4 20 3 6 
Test 5 20 3 5 
Test 6 25 5 5 
Test 7 25 4 5 
Test 8 25 3 5 

 
3. Numerical Modeling  
In this section the turbulence model which used in the 
present research is described. In Reynolds averaging 
for the velocity components: 

iii uuu ′+=                                                             (1) 

Where iu and iu′ are the mean and fluctuating 
velocity components. Substituting expressions of this 
form for the flow variables into the instantaneous 
continuity and momentum equations and simplifying 
(and dropping the over bar on the mean velocity, u ): 
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where equations 1 and 2 are called Reynolds-
averaged Navier-Stokes (RANS) equations that 

jiuu ′′− ρ  is called Reynolds stresses, must be 
modeled. by using the Boussinesq hypothesis (Hinze, 
1975) relate the Reynolds stresses to the mean 
velocity gradients:  
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The Boussinesq hypothesis is used in the k-ε models. 
In the present work the Standard k-ε model (Launder 
and Spalding, 1972) was used to simulate the 
turbulence phenomenon. For Modeling the effective 
viscosity: 

ε
ρμ μ

2kCt =                                                               (5) 

where Cµ is a constant, k is the turbulence kinetic, 
and ε is the turbulence rate of dissipation. The 
transport equations for the Standard k-ε model are as 
follow: 

( ) ( ) =
∂
∂

+
∂
∂

i
i

ku
x

k
t

ρρ  

( ) ( )i
i

k ku
t x
ρ ρ∂ ∂

+ =
∂ ∂  

Mbk
jk

t

j

YGG
x
k

x
−−++

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

∂
∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

∂
∂ ρε

σ
μμ                   (6) 

               

( ) ( ) =
∂
∂

+
∂
∂

i
i

u
xt

ρερε  

( )
k

CGCG
k

C
xx bk

j

t

j

2

231
ερεε

σ
μμ εεε
ε

−++
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

∂
∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

∂
∂       (7) 

   
Standard constants of k-ε model are listed in Table 2 
and were used in the model. 
 
Table 2. Standard k-ε turbulence model constants 

 C1ε C2ε Cμ σk σε

Standard k-ε 1.44 1.92 0.09 1.0 1.3 
 

The volume of fluid (VOF) method was 
employed as a powerful computational tool for the 
analysis of free surface flow (Hirt and Nichols, 
1981). The tracking of the interface(s) between the 
phases is accomplished by the solution of a 
continuity equation for the volume fraction of one (or 
more) of the phases. In the present research, both 
structured and unstructured mesh was used (Figure 
2). 
 

 
(a) 

 
(b) 

Figure 2. Computational grid in the vicinity of flip 
bucket: (a) 3D view, (a) Side view. 
 
Boundary conditions which were employed in this 
investigation are (Figure 3): Two different inlets were 
needed to define the water flow (Inlet 1) and air flow 
(Inlet 2) in the model domain. These inlets were 
defined as stream-wise velocity inlets that require the 
values of velocity. To estimate the effect of walls on 
the flow, empirical wall functions known as standard 
wall functions (Launder and Spalding, 1974) were 
used. The upper boundary above the air phase was 
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specified as a symmetry condition, which enforces a 
zero normal velocity and a zero shear stress. 
 

 
Figure 3. Solution domain and boundaries for 
modeled flip bucket 
 
Other considerations in this simulation in this section 
are presented. The PRESTO pressure discretization 
was selected because this scheme was showed the 
best convergence in this simulation. The momentum 
and turbulent kinetic energy equations were 
discredited by first order upwind. The PISO pressure-
velocity coupling algorithm was also used. Using 
unsteady and free surface equations required fine grid 
spacing and small initial time steps. To do so, a 
sensitivity analysis was performed on grid spacing 
and finally a number of meshes equal to 200000 were 
selected as the best result. Time steps were selected 
equal to 0.001 to 0.01. Due to model runs, solution 
convergence and water-surface profiles were 
monitored. The value of VOF parameter was selected 
equal to 0.5 which is a common practice for volume 
fraction results (Fluent Manual, 2005 and Dargahi, 
2006). 
 
4. Verification  
Before employing the numerical model, it is 
necessary to ensure about the accuracy of the 
numerical model. For this purpose, experimental 
cases which were mentioned in the previous section 
were employed. To evaluate the free surface, the first 
case was selected regarding the available flume data. 
Existing experimental results to validate the 
numerical simulation predictions included water 
surface profiles and pressure distributions. To 
calculate the jet trajectory by defining αj as the 
takeoff angle and Vj as the takeoff velocity, the 
trajectory geometry z(x) may be described for free jet 
flow as 

( )jjj Vgxxzz αα 222
0 cos2tan −+=                        (9) 

By considering the flow depth across the flip bucket 
remains constant, takeoff flow depth at x=0 and so 
zo=ho for the upper nappe and zo=0 for the lower 
nappe. The takeoff velocity Vj is Vo at ho≥5 cm. By 
introducing the normalized coordinates relating to the 
upper (subscript O) nappe profile as ZO= (zO - ho)/(zM 
=ho) and ( )2

00FhxX =  where zM, is the maximum 
(subscript M) nappe elevation above the takeoff 
elevation, results in 
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Figure 4 shows the numerical results in comparison 
with experimental data ZO(X) for various flow 
configurations and produces agreement with equation 
10 provided αj=20o is fitted. The data for the lower 
(subscript U) nappe trajectory were analyzed 
correspondingly using ZU=zU/zM and ( )2

00FhxX = .   

 
a) Test 1 

 
b) Test 2 

 
c) Test 3 

 
d) Test 4 
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e) Test 5 

 
f) Test 6 

 
g) Test 7 

 
h) Test 8 

Figure 4. Water surface profiles for flow over Flip-
Bucket (left diagram upper nappe profile, right 
diagram lower nappe profile) 
 
The distribution of pressures at the bottom along the 
flip bucket is an important design parameter for static 
purposes. It is equal to the sum of the static approach 
pressure head ho plus a dynamic portion. Figure 5 
shows the comparison between experimental and 
numerical results. Normalized parameter HP= (hP - 
ho)/(hPM - ho) where hP and hPM are the total and 
maximum pressure heads, respectively, plotted along 
the normalized stream wise coordinate XP=x/(Rsinβ), 
where x=0 is located at the takeoff point, and Rsinβ is 
the stream wise flip-bucket length. 

 
a) Test 1 

 
b) Test 2 

 
c) Test 3 

 
d) Test 4 

 
e) Test 5 

 
f) Test 6 
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g) Test 7 

 
h) Test 8 

Figure 5. Comparison between computed and 
measured pressure head distributions at bottom 
 
Conclusions:      

One way to dissipate of the energy in large 
dams is using flip bucket at the terminal of over fall 
spillways.  Improving in design parameters of a flip 
bucket will protect the tailrace from scouring of 
impacted jet. Numerical modeling and analysis of 
flow with free surface which passes over a curved 
boundary by the gravity force is a challenging 
problem in hydrodynamics. In the present research by 
using Fluent software, a flip bucket structure was 
numerically simulated. To simulate the geometry and 
verify the results, experimental tests which were 
conducted in a smooth channel by Roman Juon and 
Willi H. Hager (2000) were selected. k-ε  Standard 
turbulence model and VOF free surface model were 
employed in the model. The results jet trajectory 
properties and pressures in the bottom and its good 
agreement with analytical and experimental data in 
eight cases showed the ability of Fluent numerical 
model in modeling the flow over the flip buckets.  
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