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FSI Analysis of Transonic Fan Flutter under Part-speed, Near-stall Operating Conditions
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This paper presents an application of an aero-structure integrated approach developed by authors for cascade
flutter simulation. Transonic stall flutter experienced in a rig test was simulated over a wide range of part-speed
operating conditions. The flutter boundary obtained by the present simulations agreed well on high rotational speed
lines. However, the simulations for low rotational speed cases could not reproduce the flutter boundary. Detailed
observation of the flowfield and local aerodynamic work revealed that the flutter boundary on the low speed lines
was governed by the strong excitation force produced by the detached shock wave on near-stall operating points. An
additional sensitivity study on the turbulence model showed the possibility of transonic buffet which caused flutter
suppression in the low speed range. The accuracy in identified aeroelastic damping was also discussed in detail.
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Fig. 1 Typical flutter boundary of transonic stall flutter
in a fan map
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Fig. 3 Campbell diagram of CEFS1 and
the range of flutter simulation
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Fig. 5 Characteristic map of CEFSI fan
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Fig. 6 Relationships of mass flow rate and minimum
aeroelastic damping rate on each speed line

Table 2 R? values of least-square identification on each operating points

OP/Speedline 70.0%N 72.5%N 75.0%N 77.5%N 80.0%N 82.5%N 85.0%N
A 0.998 - 0998 _ - - - -
A 0.996 0994 1 0993(F) | _ 0998 0998 0.998 0.998
B 0975 0974 1.0913(E) ~ 0995(®F) L _0998 0998 _ 0998
C - 0.869 (1) 0.720(f) i 0972(F) — 0.998(F)  0.998(F) !  0.998

(F): operating points where negative damping mode was detected,

(): operating points where the stability of blade vibration could not be distinguished due to large uncertainty,
dashed line: flutter boundary, dotted line: inception of accuracy deterioration in the modal identification.
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Fig. 7 Characteristic map of CEFSI and obtained
flutter boundary by rig testing and FSI simulations
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Fig. 9 Comparison of local aerodynamic work distribution on the suction side of the blade across the flutter boundary
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Fig. 11 Unsteadiness of the detached shock obtained by a time-accurate CFD simulation
at the operating point A on the 75.0% speed line with SA turbulence model including f, term
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Fig. 12 Effect on the unsteady shock motion on the time-averaged flowfield at 75% span height
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Fig. 13 Convergence history of aeroelastic damping rate at the operating points on the 75.0% speed line
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