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Abstract 

This paper presents results of an unsteady numerical simulation of the turbulent flow through the wicket 

gate of a Kaplan Turbine using the SAS SST model in normal and partial operation conditions. Its domain 

belongs to a Kaplan Turbine installed at CoaracyNunes plant, located north of the Brazilian amazon. The 

flow through the wicket gate can generate dynamic loads that might cause mechanical failures at the 

mechanical system that hold the guide vanes. Therefore, knowledge of this flow and its mechanical effects on 

the vanes is necessary to assess the possibility of failures. The parallelized version of ANSYS CFX 11 

commercial code will be employed to conduct the simulation. Results of streamlines, average torque and 

maximum torque variation will be showed. The obtained torque signals from four vanes of the wicket gate 

will be shown and used to calculate its spectra. The obtained results showed that one of the vanes received 

high and cyclical torque variation, which can be seen on its spectrum. 
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1. INTRODUCTION 

The flow inside a spiral casing and within the wicket gate holds great complexity due to the inner nature of 
the turbulent flow and the appearance of dynamical stresses over its mechanical parts (Balint et al. (2002), 
Biswas et al. (2004)). Those stresses are, in a great part, originated by a complex 3D turbulent flow topology 
that interacts with the mechanical parts of the turbine, in particular with the wicket gate. Some of its 
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Figure 1: Kaplan Turbine 
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In those equations ui and p are the mean velocity and pressure fields, ν and νT are the kinematic and turbulent 
viscosity, respectively, and ρis the fluid density. 
Menter (Menter et al., 2003) created the SST model, and its principle lies on blending the k-ε and the k-ω 

model. Far from the wall, the model uses the k-ε formulation, and near the wall, the model uses the k-ω 

model. The Scale Adaptative Simulation is a concept based on giving LES behavior in detached flow 
regions. Using equilibrium assumptions, a standard k-ε model is transformed into a one equation model, 
where the Von Karman length scale appears at the sink term. According to the authors, this term is 
responsible to provide dynamical behavior to the model. The model adjusts the resolved scales, developing 
an energy cascade present in separated turbulent models. The transport equations for the SST model are: 
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Here, k and ω are the turbulent kinetic energy and turbulent frequency. The eddy viscosity is defined by: 

 �� �  &�
max * &�, ,!�	!�	-.,/%"0 (5) 

 
Where S is an invariant measure of the tensor rate and F2 is one of two blending functions of the model. The 
formulation of the blending functions F1and F2are based on the distance from the surface and on the flow's 
variables. The blending functions F1and F2are given as follows: 
 
 %& � tanh�456&7� (6) 
   

 456& � min �max �√��′� , 500�;"� � , 4��#"�=>�#;"� (7) 

   

 =>�# � max �2��#" 1� ∇�∇�, 10@&.� (8) 

 
Here, y is the distance to the wall. F1is equal to zero away from the surface (k-ε model)and switch over to 1 
inside the boundary layer (k-ω model). F2is given by: 
 %& � tanh�456&"� (9) 
   

 456" � max� 2√��′�; ,
500�
;"� � (10) 
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The blending function F2restrains the limitator for the boundary layer wall. A production limiter is used to 
avoid the growth of turbulence in stagnation regions: 
 

 �� � A� �����	 �
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��	���� (11) 

   
 ��B � max��� , 10��∗��� (12) 
   
The model's constants are accounted by a blend of the corresponding constants of the k-ε and the k-ω models 
with the following function: 
 
  �  &%& +  "�1 − %&� +⋯ (13) 
 
The constants are β=0.09, α1=5/9, β1 =3/40, αk1 =0.5, σω1 =0.5, α2 =0.44, β2 =0.0828, σk2 =1, σω2 =0.856. 

The analytical expression for ω provided by ω-equation turbulence models allows a near-wall formulation, 
which gradually switches from wall-functions to low Reynolds near wall formulations when one goes far 
from the wall. 
The ω-equation transformed for the SAS model is (Menter and Egorov (2005)): 
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The Von Kàrman length scale is given as follows: 
 

 GH� � F � ��� ���⁄
�"�� ���"⁄ � (15) 

 
To preserve the SST model in the RANS portion of the flow and SAS model in the URANS portion, the 
following condition must be fulfilled: 

• For the RANS regime: 
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• For the SAS regime: 
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Where (Cµ=0,09 and κ=0,41): 

 G � √�
=N.."/� (18) 
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The blending function for the SAS mode
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Figure 2: Domain Discretization– Deta

 

Figure 3: Domain Discretization – Det
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3. RESULTS 

3.1. Flow Visualizations 
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Figure 4: 3D Streamlines and Pressur
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Figure 5: Vane Numbering 

 
Table 1: Average and Maximum Torque Values 

 
Normal Condition PartialCondition 

Vane Average Torque MaximumVariation Average Torque MaximumVariation 
1 7199,7 91,2 6022,5 9,2 
2 6331,6 46,1 4697,8 6,1 
3 2957,2 39,4 1422,8 3,4 
4 -8299,0 67,2 -1554,0 7,2 
5 3185,4 23,2 3070,8 3,2 
6 5967,1 37,7 4736,2 7,7 
7 5032,5 24,0 3505,5 2,0 
8 4540,1 79,8 2455,5 7,8 
9 1706,2 487,0 1065,5 17,0 
10 3757,0 267,4 1504,2 17,4 
11 287,1 654,5 -1589,0 14,5 
12 4526,7 348,3 2509,2 18,3 
13 1846,7 536,5 272,4 16,5 
14 4974,9 259,0 2956,1 15,0 
15 3133,8 94,4 1619,4 14,4 
16 5330,9 170,1 3341,1 17,1 
17 4381,8 247,0 2778,5 15,0 
18 6139,9 221,3 4100,2 11,3 
19 5271,0 273,6 3928,7 17,6 
20 6632,6 156,7 4841,0 15,7 

 
3.3. Torque Signals 

Figures 6 and 7 shows torque signals variating with time for vanes 1, 8, 11 and 13. Those same figures show 
also the spectra for the same vanes. It is noted that vanes 1 and 8 shows in their signals the absence of a 
periodic behavior. Their behavior is characterized by a more erratic torque signal, without any coherent 
pattern. This pattern is confirmed by its spectra, where no peaks are observed in any frequency bandwidth. 
On the other hand, vanes 11 and 13 show a periodic behavior on its signal. Their spectra show peaks at a 
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Figure 6: Torque Signal and Spectra a

Figure 7: Torque Signal and Spectra a

 

4. CONCLUSIONS 

Results of a numerical simulation ins
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 simulations must be conducted. 
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