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Abstract. Pressure pulsation phenomena in a large Kaplan turbine are investigated by means 
of numerical simulations (CFD) and prototype measurements in order to study the dynamic 
behavior of flow due to the blade passage and its interaction with other components of the 
turbine. Numerical simulations are performed with the commercial software Ansys CFX code, 
solving the incompressible Unsteady Reynolds-Averaged-Navier Stokes equations under a 
finite volume scheme. The computational domain involves the entire machine at prototype 
scale. Special care is taken in the discretization of the wicket gate overhang and runner blade 
gap. Prototype measurements are performed using pressure transducers at different locations 
among the wicket gate outlet and the draft tube inlet. Then, CFD results are compared with 
temporary signals of prototype measurements at identical locations to validate the numerical 
model.  
A detailed analysis was focused on the tip gap flow and the pressure field at the discharge ring. 
From a rotating reference frame perspective, it is found that the mean pressure fluctuates 
accordingly the wicket gate passage. 
Moreover, in prototype measurements the pressure frequency that reveals the presence of 
modulated cavitation at the discharge ring is distinguished, as also verified from the shape of 
erosion patches in concordance with the number of wicket gates. 

 

1. Introduction 

During the last decades, Kaplan power output has increased continuously and larger diameters were 
designed accordingly. But only since recently can certain features (e.g. tip vortices development or 
rotor-stator interaction phenomena) be studied at design stage by means of modeling techniques. As a 
result of the advance of CFD models, a more insightful analysis can be made of these particular flow 
features. Then, experimental and prototype data are of great importance in order to validate simulation 
results. 
Extensive literature is available about phenomena related to dynamic behavior of the pressure 
pulsation and RSI (Rotor-Stator Interaction) in Francis and Pump turbines [1, 2 (and reference 
therein)]. However, such state of knowledge has not been reached in Kaplan turbines yet. Shuhong [3] 
achieved good results in the comparison of pressure pulsations obtained by unsteady CFD and 
experimental measurements in Kaplan physical models. In addition, Nennemann [4] studied the 





 
 

Domain Type of Domain Type of mesh Number of elements y+ (average)

Semi-spiral casing Stationary Tetrahedral 2.2*10
6

182

Stator Rotating Hexahedral 11.5*10
6

47

Runner Stationary Hexahedral 6.7*10
6

112

Cone Stationary Hexahedral 0.6*10
6

126

Draft Tube Stationary Hexahedral 2.4*10
6

143

Gap Stationary Hexahedral 0.2*10
6

108

All Domains Hybrid 23.7*10
6

91

3. Numerical simulation 

The numerical simulation is performed using the commercial code ANSYS CFX 13.0, that solves the 
Unsteady Reynolds Average Navier Stokes equations (URANS). The turbulence model used to close 
the system of equations is the RNG k- , and the advection scheme imposed is of the second order, 
both in space and time. First a steady-state flow simulation is performed in order to use it as the initial 
flow conditions. In this case, a frozen rotor interface is used to make the stationary and rotating 
domains compatible. For the transient case, a transient-rotor-stator interface is used with a time step 
corresponding to 1oofrotation, in order to capture the dynamic behavior of the machine.Convergence is 
reached for root mean square (RMS) average of normalized velocities and pressure residuals between 
10-5and 10-6 in all cases.  

 
A hybrid mesh is generated in order to discretize the domain. For the semi spiral casing, a tetrahedral 
non-structured mesh of 2,000 k elements is used. The rest of the components are discretized into 
hexahedral structured elements, due to their better performance when simulating secondary flows and 
a more efficient use of the computational resources during simulation. The meshing quality is 
analyzed considering the sensitivity of the torque due to the y+ value. Several mesh sizes are analyzed 
in order to ensure the independence of results. In addition, special attention is paid to the distributor 
gap caused by the blade overhanging (Fig. 4) in order to simulate the potential influence in the tip gap 
vortex of the runner blade. Table 1 summarizes the characteristics of the mesh for every part of the 
computing domain. 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

        

   
Fig. 4. Hexahedral structured mesh; (a) The stator mesh with the stay vanes (green) and wicket 

gates (orange); (b) Detail of the gap domain (red); (c)The runner; (d)The draft tube. 
 

Boundary conditions are chosen so that they are able to reproduce the same operating point as that 
studied for prototype measurements. The operating information obtained from measurements consists 
of the power output, the net head, the tail water level, and the positions of the guide vanes and runner 
blades. The flow rate is obtained from the hill chart and used to compute the average velocity at the 
inlet section. 
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