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Editor’s preface
The series Research Reports from the Institute of Gas Turbines and Aerospace Propul-
sion accounts for the advances made in turbomachinery research and development
at Technische Universität Darmstadt. Because of the strong application oriented
focus of the research in this area, the academic problems reflect actual industrial
development trends.

The current development foci adapt to the changing political, economic and eco-
logical framework which keeps carrying the turbomachine towards the border of
technological feasibility. In consequence, it is not unusual for findings to be trans-
ferred to the industrial application directly.

It is within this environment, that the industry and application oriented research
works of this series originate. The reports describe current findings of experimen-
tal investigations and numerical simulations which were obtained at the Institute
of Gas Turbines and Aerospace Propulsion at Technische Universität Darmstadt.

Heinz-Peter Schiffer

Darmstadt, 2017
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Abstract
This dissertation describes the aeroelastic results obtained with a state-of-the-art re-
search compressor representative to the high pressure compressor front stage of a mod-
ern twin-shaft turbofan engine.
The 1.5-stage compressor with blisk rotor was designed jointly by Rolls-Royce and TU
Darmstadt as technology demonstrator for secondary flow control. In the present con-
text, the 1.5-stage compressor is investigated with different tip clearance sizes as well
as advanced casing treatment. In order to resolve the fluid-structure interaction be-
hind the encountered blade vibrations, the compressor is heavily instrumented with
unsteady wall-pressure transducers, blade mounted strain gauges and capacitive blade
tip clearance/blade tip timing sensors.
This dissertation focuses on the aeroelastic behavior of the blisk rotor in the high
back-pressure region. In particular, flutter and a self-excited rotating instability are
investigated. It is shown for both phenomena that the aeroelastic link establishes at
blade tip between periodic blade motion and fluctuating tip flow. In both cases, a
backward traveling aerodynamic wave couples with a forward traveling blade vibra-
tion. The crucial role of the blade tip clearance and the flow leaking across blade tip
is clearly exhibited. Both gain additional relevance from the observation that a 10%
variation in local tip clearance may cause individual blade vibration amplitudes to
vary by a factor of two.
Flutter and self-excited rotating instability occur at design speed with transonic ro-
tor relative inflow as well as in the subsonic part speed region. Circumferential wave
speed and wave Mach number of the backward waves are identified as common link
between the blade vibration events at different compressor speeds with seemingly arbi-
trary active nodal diameter. It is further shown that the vibration wave Mach number
correlates with the circumferential Mach number of a rotating stall cell at identical
speed with nominal variable inlet guide vane setting.
Finally, the dissertation proves that the aeroelastic coupling can be broken up and
high amplitude blade vibration can be prevented by either a reduction in average tip
clearance or by aerodynamic mistuning through advanced casing treatment. The nega-
tion of this final conclusion implies that an increase in tip clearance due to transient
operation, rub-in or component wear may lead to the onset of blade vibrations not en-
countered with nominal clearance. The dissertation thus clearly points out that blade
vibration analyses have to be robust enough to cover the compressor’s entire life cycle.

IV
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