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1. Introduction

One of our hydropower plants (Masjed - E - Soleyman, Iran) has four Francis turbines.
Two units on the right side (looking downstream) share a common penstock and a
common long tailrace tunnel, and the other two units on the left also share a penstock and
tailrace tunnel.

Upon commissioning of one unit, the hydraulic transient in the draft tube during load
rejection above 75% was excessive. It was apparent that the guide vane closing law that
had been adopted would result in water column separation during load rejection at full
power. Tests with a slower closing rate showed that the risk of column separation was
reduced, but a violent surge developed in the draft tube close to maximum over speed.

The energy level and cavity volume that are produced are much more than those of
regular TCB (Transient Cavitation Bubbles) experiments, and therefore, we should
expect more intense effects than a regular TCB jet produces.

2. Load Rejection Test

When the generator is disconnected from its load, the rotational speed increases due to
the hydraulic torque on the turbine. The governor senses the higher speed and causes the
turbine distributor to close rapidly to prevent the rotational speed from reaching excessive
values. The rapid closure of the distributor causes the spiral case pressure to rise and the
draft tube pressure to drop as a result of water hammer effects.

The risks during load rejection include: excessive pressure in the penstock; an excessive
pressure drop in the draft tube; and an excessive rotational speed inducing shaft
vibrations and loss of bearing oil.

Water hammer calculations were done to see if better break point and closing rates could
be found. They indicated that load rejection at full power could be safe with a slower first
closing stroke and a lower break point. Tests with the new settings caused a sharp
pressure surge in the draft tube (Figure 1). This surge propagated to the spiral case and
penstock and caused big dynamic loads on the mechanical assemblies of the turbines. It is
due to a sudden collapse of the draft tube vortex cavity or to a burst of self-excited
instability at the particular unsteady operating conditions of the unit. These unsteady
conditions typically occur at around 50% of best efficiency energy coefficient, 30% of


