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CFD and FEM investigations of a Francis turbine at speed no-load
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Motivation

Results

Due to the development and the integration of renewable energies, the
electrical grid undergoes instabilities [1]. Hydraulic turbines and pumpturbines are a key technology to stabilize the grid. However to reach
this objective, the hydraulic machines have to extend their operating
range. Such an extension requires to deal with start-up and stand-by
operations, which often leads to a reduction of the lifespan of the
machines [2].
Nowadays, CFD and FEM simulations allow dealing with fluidstructure interactions, which help better understanding of the life time
of hydraulic machines [3].

The CFD simulation shows the presence of several vortices close to
the trailing edge of the blade. The vortices lead to local pressure
fluctuations. However, no specific frequency is observed on the
pressure spectra of a probe located at the junction between the runner
blade and the hub.
The stress analysis confirms that the maximum stresses are located at
the junction between the runner blade and the hub.
The modal analysis put in evidence the existence of a natural mode of
the runner around 600 Hz close to the dominant frequency deduced
from the signal provided by the strain gauges.

Context
The Grimsel 2 hydropower plant is equipped with horizontal ternary
units with a complete motor-generator coupled with a Francis turbine
on one hand and a single stage radial pump on another hand.
The Francis turbine undergoes cracks at the junction between the
trailing edge of the blades and the hub. The cracks appeared after the
operating conditions of the turbine changed from a few to a large daily
number of start and stops.
The origin of the cracks is however not yet fully understood despite
the fact that the case has been already studied [4].
A recent measurement campaign put in evidence the large
fluctuations of the strain rate at the trailing edge of the runner blades
close to the junction with the hub during the operation of the turbine at
speed no-load (i.e during synchronization procedure) [5].
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Conclusions & Perspectives

CFD and FEM set up
For the CFD analysis, the SST-SAS turbulence model is used to
compute the flow. The inlet flow discharge is set at the inlet of the
spiral according to the measured value at speed no-load.
For the stress analysis, the pressure field provided by the CFD
simulation is applied on the runner blade, whereas no displacement is
imposed at the junction between the runner and the shaft.
For the modal analysis of the runner, the surrounding water is taken
into account in order to capture the damping of the natural runner
frequency due to the added mass effect.
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The CFD simulation does not show any evident excitation at the
frequency observed on the strain gauges. The FEM analysis confirms
the weakness region at junction between the runner blade and the
hub. The modal analysis suggests the existence of a natural mode of
the runner close to the frequency observed on the strain gauges.
Therefore, this mode could be excited by a source, which does not
seem for instance clearly related to the fluid.
References
[1] Vu, T. L., & Turitsyn, K. 2016, ‘Robust transient stability assessment of renewable
power grids’. In IEEE International Conference on Sustainable Energy Technologies
(ICSET) (pp. 7–12).
[2] M Gagnon et al, 2010, ‘Impact of startup scheme on Francis runner life
expectancy’, IOP Conf. Ser.: Earth Environ. Sci. 12 012107
[3] B. Hübner, W. Weber, and U. Seidel, 2016 “The role of fluid-structure interaction for
safety and life time prediction in hydraulic machinery,” IOP Conf. Ser. Earth Environ.
Sci., vol. 49, 072007.
[4] C. Müller, T. Staubli, R. Baumann, and E. Casartelli, 2014 “A case study of the fluid
structure interaction of a Francis turbine,” IOP Conf. Ser. Earth Environ. Sci., vol. 22,
032053.
[5] J. Decaix, V. Hasmatuchi, M. Titzschkau, L. Rapillard, P. Manso, F. Avellan, C.
Münch-Alligné, 2018, ‘Experimental and numerical investigations of a high-head
pumped-storage power plant at speed no-load’, IAHR Symposium, 2018, Kyoto,
Japan .

Acknowledgements

Partners of the FLEXSTOR - WP6 project (17902.3 PFEN-IW-FLEXTOR)

