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Abstract

Study of generation of the dynamic extraordinary stress in a hydraulic turbine during start-up is very
important topic for hydropower in recent years as it plays an increasingly important role as a regulating
source of renewable energy. The extraordinary stress generated during start-up is considered to be
stochastic and random different from the harmonic vibration during normal operation, and the
generation mechanism of this kind of dynamic stress has not been clarified. In this paper, the study
was carried out to reveal the mechanism of extraordinary stress on runner blade during start-up at high
head Francis turbine.

In chapter 1, the background and purpose of this study, specification of the turbine used for this
study was described.

In chapter 2, dynamic stress of the prototype turbine was measured, and it was appeared that the
extraordinary dynamic strain was generated during start-up. As a result of the investigation, the
dynamic strain can be considered close to random in statistical theory. This unique phenomenon that
runner blades are struck by impulsive load during start-up is compared to a drum beaten by drumsticks
randomly in short time, and we named the unique phenomenon “Hydro Drum”.

Start-up mode survey was also conducted. It was found that “Hydro Drum” occur at limited low
rotation speed below 35% of the rated, and the magnitude of the strain is dominated by the opening of
the guide vane.

Detailed investigation of the waveform was performed. It was shown that the hydraulic impact load
was generated near runner blade trailing edge in blade channel and the load acted on the pressure
surface of the blade and deformed the blade to suction side direction instantaneously. Blade vibrated
freely in its natural vibration mode with dumping.

In chapter 3, hydraulic load causing the extraordinary stress was investigated by the model test. The
results shows that it was clear that the “Hydro Drum” is related to water vapor. The trend of intensity
of the “Hydro Drum” is qualitatively consistent with the trend measured in the prototype, as indicates
that it is possible to reproduce the “Hydro Drum” phenomenon that occurs during the start-up of the
prototype in the model test. Further study by CFD shows that the chain-reaction of cavitation clouds
causes extraordinary impulsive loads on the blade.

In chapter 4, intensity index for “Hydro Drum” was investigated. It was found that strong correlation
between the dynamic strain by “Hydro Drum” and absolute circumferential velocity at leading edge
of runner blade. Considering that the net head during start-up is closer to the static head, it can be
concluded that the potential risk of “Hydro Drum” increases as the static head of the turbine becomes
higher. Relative circumferential velocity coefficient at leading edge of runner blade was proposed as
an intensity index that also takes into account the effect of increase of rotation speed which is
important at a design stage.

Chapter 5 summarized the findings of this study.



