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 State of the Art - Background 

 Flutter denotes a self-excited and self-sus-
tained vibration phenomenon of turboma-
chinery blades that can lead to failure unless 
properly damped. The present trends in tur-
bomachinery design to increase component 
loading while reducing structural weight can 
lead to critical situations from a fl utter point-
of-view. Articles from literature report that 
although 90% of the potential high cycle 
fatigue (HCF) problems are covered dur-
ing development testing, the remaining few 
problems account for nearly 30% of the 
total development cost and are responsible 
for over 25% of all engine-distress events. 
Problems related to fl utter therefore impose 
large costs and programme delays since they 
are encountered late in development when 
engines are tested at full power or in fl ight 
conditions.

Today, fundamental blade design with respect 
to fl utter is still based to a large degree on 
relatively simple empirical criteria. These rules 
are mostly over-conservative and therefore 
not applicable to modern, highly loaded, 

lightweight components. On the other hand, 
analysis techniques have evolved consider-
ably and allow for a detailed breakdown of 
unsteady aerodynamic phenomena. The fore-
most reason for still having these simple crite-
ria in use today is the lack of proper validation 
data addressing complex 3D fl ows involving 
non-linear viscous effects, and real engine 
multi-row environments. 

 Objectives 

 One of the main objectives of FUTURE is to 
improve and validate the current state-of-the-
art prediction tools. Secondly, the underlying 
reasons and vital parameters for the incep-
tion of fl utter are neither completely identifi ed 
nor fully understood - knowledge that within 
FUTURE will be gained through a combined 
experimental and numerical effort, including 
extensive free-fl utter experiments. With the 
goal to obtain a comprehensive view of the 
main fl utter physics in both the compressor 
and turbine modules, the FUTURE project has 
been designed with structural, cascade and 
rotating rig experiments for these two modules.
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In detail, the scientifi c and technical objectives 
of the FUTURE project are the following:
- Improve understanding of fl utter based on 

state-of-the-art component and engine rel-
evant experiments;

- Defi ne design rules and criteria for aggres-
sive lightweight bladings;

- Develop and validate state-of-the-art meas-
urement techniques for aeromechanic 
experiments;

- Establish a worldwide unique database 
with high quality experimental aero-elastic 
results; 

- Establish ‘CFD Best Practice Guidelines’ for 
aero-elasticity in turbines and compressors; 

- Establish ‘Experimental Best Practice 
Guidelines’ for aero-elasticity in turbines and 
compressors. 

 Description of Work 

 The FUTURE project is organised into four dif-
ferent work packages that are interconnected 
to give a coherent and clear progress of the 
state-of-the-art of aero-elasticity in turboma-
chines. The different activities can be sum-
marised as:
- Eight interconnected turbine and compres-

sor experiments (using rotating and static 
rigs) will be performed;

- These experiments will be combined with 
numerical modelling of vibrating blades 
together with the surrounding fl ow interfer-
ing with the vibrating structure.

Results from all the activities in the project 
will lead to a more coherent view and a better 
physical understanding of the fl utter phenom-
ena in turbomachines.

In the process to reach this unique knowledge 
status, a sophisticated, not yet available, 
measuring technique will be being developed, 
and two new excitation mechanisms will be 
implemented as back-up to the free-fl utter 
experiments. Furthermore, a unique database 
with combined structural and unsteady aero-

dynamic results will be established and made 
available for further dissemination among 
the partners. This database will, through the 
combined efforts of experimental and numeri-
cal aero-elastic experts that are gathered for 
the project, contain signifi cantly more detailed 
data than any other existing database in the 
world. 

 Expected Results 

 By advancing the state-of-the-art in fl utter 
prediction capabilities and design rules, the 
FUTURE project will lead to short-term bene-
fi ts in terms of decreased development cost in 
current engine programmes, reduced weight 
and thus fuel consumption, and an increased 
ability for effi ciently managing fl utter problems 
occurring in engines in service.

In the longer term, improved analysis and 
design aeromechanical methods for aggres-
sive lightweight blade design are an enabling 
factor for high effi ciency, environmentally 
friendly aero engines and gas turbines with 
maintained safety. In combination with a 
reduced time-to-market the project outcomes 
will have a strong impact on the competitive-
ness for the European aero-engine module 
and stationary gas turbines manufacturers 
participating in the project. The project will give 
the partners access to experimental data not 
available in any other company in the world. 

Cascade fl utter test facility at KTH
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