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Abstract. In a hydraulic power plant, it is essential to provide a reliable, sustainable and flexible 

energy supply. In recent years, in order to cover the variations of the renewable electricity 

production, hydraulic power plants are demanded to operate with more extended operating range. 

Under these off-design conditions, a hydraulic turbine is subject to cavitating swirl flow at the 

runner outlet. It is well-known that the helically/symmetrically shaped cavitation develops at the 

runner outlet in part load/full load condition, and it gives severe damage to the hydraulic systems 

under certain conditions. Although there have been many studies about partial and full load 

conditions, contributions reporting the deep part load condition are limited, and the cavitation 

behaviour at this condition is not yet understood. This study aims to unveil the cavitation 

phenomena at deep part load condition by high speed visualizations focusing on the draft tube 

cone as well as the runner blade channel, and pressure fluctuations associated with the 

phenomena were also investigated. 

1.  Introduction 

In a hydraulic power plant, it is known that cavitation has undesirable effects on the systems. The first 

report 

Rheingans [1]. He reported that the amplitude of pressure fluctuations can be magnified in certain 

conditions, and it gives a violent effect to the systems. After that, a number of surveys about cavitation 

phenomena observed in hydraulic power plants has been carried out in diverse ways. It was reported 

that the feature of cavitation has a strong dependence upon a discharge of an operating point as well as 

a turbine head. [2] 

At full load operating condition of a Francis turbine, Jacob et al. primarily performed the 

experimental survey on the pressure surge, and they investigated the pressure fluctuations induced by 

this instability in 1990s [3]. Koutnik and Pulpitel applied the transfer matrix method to the full load 

condition for the purpose of stabilization analyses using the essential parameters of cavitation [4]. 

Recently, Müller et al. conducted a local flow and discharge analysis based on PIV measurements in the 

presence of a cavitating vortex rope for a better understanding of the self-excited pressure surge [5]. 

Alligné et al. carried out a parametric study of the draft tube flow to investigate the influence of various 

parameters on the unsteady cavitation phenomena with a one-dimensional model and they described the 

destabilizing effects of the flow swirl and the conical shape of the diffuser at full load condition [6]. 

At part load condition, the first study about the helical cavitation vortex rope in the elbow type draft 

tube was addressed by Nishi et al. [7]. They reported that there seems to be three different underlying 

spectral peaks of pressure oscillations in the cone, and the resonance occurs by the coincidence of the 
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