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Multimode Cascade Flutter Analysis Based on
Fluid-Structure Interaction Simulation and System Identification
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P A

A new framework of aero-structure integrated analysis is presented for the prediction of cascade flutter. The
proposed analysis method considers effects of the airflow on blade vibration such as change in frequency and mode-
shape based on a fluid-structure interaction (FSI) simulation and system identification technique. The aeroelastic
system of vibrating cascade is identified from the free response of blade vibration obtained from a time-domain FSI
simulation. Aeroelastic eigenmodes, which describe blade frequency, damping rate, and modeshape in the airflow,
are obtained directly from an eigenanalysis of identified aeroelastic system. The approach is validated through
comparison with semi-analytical reference solutions obtained by LINSUB program. The comparison of aeroelastic
eigenmodes shows that the proposed approach is capable of obtaining flutter characteristics accurately even under the

presence of aerodynamic coupling among structural modes.
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Fig. 1 Sampling of blade vibration from time history obtained by FSI
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Fig. 2 Flowchart of FSI computation
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Fig. 5 Flat plate cascade configuration

Table 1 Flow condition of flat plate cascade

Pitch/Chord s/c [-] 1
Stagger angle ¢[deg] 45
Inlet total temperature T, [K] 288.15
Inlet total pressure P, [Pa] 101325
Range of inlet velocity u [m/s] 0~166
Range of inlet Mach No. Ma [-] 0~0.5

(Center of gravity and hinge)

,,,,,,,,,,,,,,,,,,

-1 0 1 x/b
Fig. 6 Configuration of flat plate mechanical model

Table 2 Parameters of mechanical model

Span length [ [m] 0.05

Chord length ¢ =2b[m] 0.05

Blade mass my [kg] 0.02

Inertia of momentum 1, [kgmz] 4.167x10°

Heaving stiffness K}, [N/m] 3350
Pitching stiffness K, [Nm/rad] 10.3
Heaving natural frequency fn [Hz] 65.1
Pitching natural frequency f.[Hz] 250
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Fig. 7 Eight blades flat plate cascade configuration and CFD

grid. Coloured cells are on the block boundary.

Download service for the GTSJ member of ID , via 18.97.9.175, 2026/06/12.



288 MABEEN EVATLREICLPEEE-—NEINTZ v 2 —BHFE

AEAHR 2 —E ¥R

M=0.2, k=0.579: —— LINSUB, e CFD

M=0.3,k=0.388: ---- LINSUB, o CFD

Re(cla)’ Im(cla)

-Nlma‘ginaryp:artffm,f ,,,,,,,, ‘ ! ‘
i i i | i i i

Re(cma)’ Im(cma)

-180 -135 -90 -45 0 45 90 135 180

IBPA [deg]
(a) Ciq

M=0.4, k=0.293: —-—- LINSUB, o CFD

AP B A S S
| | | | | | |
-180 -135 -90 -45 0 45 90 135 180
IBPA [deg]
(b) Crue

Fig. 8 Comparison of unsteady aerodynamic force coefficients between LINSUB (reference) and CFD results

— Pitching mode - - Heaving mode

Maximum modal displacement [x1 0'30]

o
=

o
)

Nondimensional time t/T
(a) Stable case (Ma = 0.20, u = 63.1 m/s)

— Pitching mode - - Heaving mode

Maximum modal displacement [x 10_3c]

S =
W o W

0 2 4 6 8 10
Nondimensional time t/T
(b) Severe flutter case (Ma = 0.50, u = 166 m/s)

Fig. 9 Examples of free response of the flat plate cascade
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