Verification of the SPH-Method for
Flow Calculation in the Housing of a
Pelton Turbine

G. Fillinger

The simulation of the water flow in a Pelton turbine housing is still
a challenging task. Smoothed particle hydrodynamics seems to
be the ideal tool to solve this task. The first task was to get a
parameter set for the simulation which depends on the speed and
the diameter of the jet. Therefore, a parameter study was carried
out. Then a Pelton test rig was simulated to compare the solution
with measurements. We have seen that it is possible to get
suitable solutions in the near field of the bucket. But the
simulation of a whole machine still encounters the limits of
available hard- and software.

1 Introduction

Smoothed particle hydrodynamics (SPH) is a meshless lagrangian method to solve the
Navier-Stokes-equations (NSE). The fluid domain is represented by a set of calculation
points, called particles, which are moving along the fluid flow. This makes the SPH
method particularly suitable for the simulation of free surface flows.

1.1 Motivation

The SPH method is a tool which makes it possible to simulate the flow in a Pelton
turbine in a feasible time. Nevertheless, during the first applications it was not always
clear how reliable the results are. The available SPH codes are not primarily intended
to calculate the flow in a Pelton turbine. The biggest problem for the available codes
seems to be the impact of the water at the bucket. The fluid-structure-interaction (FSI)
leads to pressure fluctuations, which is due to the weakly-compressible formulation of
most of the available codes. Depending on which parameters are used for the
simulation, the simulation produces more or less plausible results in areas of fluid-
structure-interaction.

To investigate the possibilities of the SPH method a research project with the “Institut
fur Stromungslehre und Warmeubertragung” (IWS) at the Johannes Kepler university
was started. The aim of this project was to determine appropriate simulation
parameters, depending on the jet speed and jet diameter.
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1.2 Method

To achieve this aim, a classical computational fluid dynamics (CFD) simulation, using
the volume of fluid method (VOF), was done. The solution of this simulation was used
as reference case to tune the parameters of the SPH simulation. To do this, a
parameter study with over 100 different parameter combinations was carried out. The
results were compared visually on the one hand and with numerical values such as
reaction force on the bucket on the other. For the visual comparison the contour of the
free surface flow was evaluated at three planes (see Figure 1).

Plane 1

Figure 1. evaluation planes

2 Parameter tuning based on the CFD simulation

To keep the problem as simple as possible, only a fixed bucket with an impinging jet
was simulated.

2.1 CFD

All of the classic CFD simulations were done at the IWS. For the simulation a k-omega-
SST turbulence model with adaptive mesh refinement (limited to 4e6 cells) was used.
For the VOF simulation no surface tension was used and geo-reconstruct was chosen
as discretization scheme.

The calculation ran 4 days to simulate 4ms on 6 cpu cores. Figure 2 shows the free
surface flow (alpha = 0.5) of the simulation.
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Figure 2: iso surface at alpha = 0.5, colored by velocity, the result was reflected on the symmetry plane

2.2 SPH

For the parameter study 15 parameters of the SPH simulation were varied in over 100
simulations. The calculation times ranged from 13 seconds to 80 hours depending on
the used parameters. The simulation that best matched the CFD solution took about
10 hours of calculation to simulate 20ms.

2.3 Visual comparison

For the visual comparison a python script was written to rate with numbers how well
the distribution of the water fits to the solution of the CFD simulation in the evaluation
planes. In the following, due to clarity, only the plots of plane 1 are shown. After a first
look at the plots of the fluid distribution, three main problems could be identified:

General fit

How well the contour of the SPH solution fits with that of the CFD solution. In other
words, how big is the overlapping area of the two solutions. Figure 3 shows an
example. The fluid distribution of the CFD solution is here drawn as a red line. The
distribution of the SPH solution is represented by the area, colored by the density. As
can be seen, the two results correspond quite well to a large extent, but at upper and
lower end of the arc, a distinct divergence is noticeable. Unfortunately, these small
divergences can have a big impact on the solution, if the further spread of the water in
the turbine housing is considered. To summarize this in figures, the density distribution
of the CFD solution was subtracted from that of the SPH solution.
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----contour SPH
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Figure 3. comparing the SPH solution (colored area) with the CFD solution (red line)

Figure 4: difference of the density distribution of the two simulation methods

22nd International Seminar on Hydropower Plants
Copyright: TU Wien, Institute of Energy Systems and THermodynamics — Vienna 2024

1400

1200

1000

800

600

1000

500

—500

—1000

density (kg/m~3)

density (kg/m~3)



Compactness

Some parameters of the SPH simulation have a major impact on whether the water
particles move together in one direction (stay compact) or whether they are spread
apart. Figure 5 shows such a solution, where the particles spread apart and even drops
form under the circle of the jet. This behaviour can be quantified by counting the
number of discrete contours and measuring the circumferential of the main contours.

Inhomogeneity of density

Some solutions show a strong inhomogeneity in the density distribution. Apart from a
few extreme cases, however, it has been shown that a certain degree of inhomogeneity
must be accepted, to get a good general fit. Figure 6 shows a solution with a
inhomogeneous density distribution.
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Figure 5: A solution of the SPH simulation, where the particles spread apart

22nd International Seminar on Hydropower Plants
Copyright: TU Wien, Institute of Energy Systems and THermodynamics — Vienna 2024



----contour SPH
—contour CFD 1400

1200

1000

density (kg/m~3)

800

600

Figure 6: inhomogeneous density distribution

2.4 Reaction forces

In addition to the shape of the fluid distribution, the reaction force on the bucket was
another important criterion. It is in the nature of the SPH formulation, that pressure
fluctuations occur during fluid structure interaction. So, for the evaluation it was
important to assess the mean value of reaction force over a specific time period. Also,
the standard deviation gave us an important indication how well the parameter set is
suited to measure the reaction forces.

3 Comparison with model test

The parameter set, which gave us the best results in terms of shape of the fluid
distribution, but also reaction forces, was used to simulate a Pelton turbine.
Fortunately, a GUGLER Pelton turbine was being measured on the model test rig at
the TU Wien at the same time, which gave us an ideal opportunity to simulate and
compare with reality. The test rig was a horizontal Pelton turbine with three nozzles
and a transparent housing. We only simulated single jet operation, to keep the number
of particles as low as possible. Despite all efforts to reduce the total number of particles
we soon hit the limits of hard- and software. To be able to simulate the test rig we had
to use a coarser discretisation than the rules we derived from the parameter tuning
would suggest.
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Figure 7: photo overlayed with simulation

3.1 Shape of the fluid distribution

It is hard to keep track of the moving water in a Pelton housing, so we concentrated on
comparing the pattern of the impinging water at the side walls of the turbine housing.
First, we took photos of the side wall of the turbine housing while the machine was
running. In addition, the flow and pressure were documented so that these parameters
could also be used in the simulation. Due to the fact, that there is no fixed grid, we had
to interpolate the solution at the housing wall. Figure 7 shows the interpolation put on
top of the photo. On the left side of Figure 7 it can be seen, that the simulation fits quite
well with the photo of the test rig, but further to the right, the fit is much worse.

3.2 Torque

Like in the parameter tuning part we also wanted to check the reaction forces on the
bucket or rather the resulting torque on the shaft. Figure 8 shows the simulated torque
over the rotational angle. Of course, the torque fluctuates over the passing buckets. To
get rid of this fluctuation, a rolling mean, with a window size of three buckets, is also
plotted. A large difference between the rolling mean of the simulation and the
measured value from the test rig can be observed. The deviation from the measured
value is about 15%.
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Figure 8: calculated torque on the Pelton runner

4 Conclusion

We have seen, that the SPH method is not the holy grail in the simulation of the flow
in a Pelton housing. The method is very well suited to simulate such complex free
surface flows, but still has limitations of hard- and software in the simulation process
on multiple levels. But we have also seen that satisfying solutions can be obtained as
long as the discretisation is kept fine and the simulation domain is not too large.
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