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Statistical Sensitivity Study of Mistuning Effect on Transonic Fan Flutter
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ABSTRACT

This paper presents a detailed investigation of the effect of mistuning on transonic fan flutter, which is conducted as
part of comprehensive efforts to find reasons for the mismatch in the flutter boundary in our past numerical prediction.
The flutter boundary of a full-annulus fan assembly with different mistuning levels is statistically evaluated based on
eigenvalue analysis and Monte-Carlo simulation. Nominal levels of mistuning due to manufacturing tolerance have
little effect to the flutter boundary because the decline in aerodynamic damping is very steep. Therefore, the accuracy
associated with the computational fluid dynamics is likely to have caused the mismatch in the flutter boundary.
Detailed observations of modal properties show that the mode shape in flutter modes can be highly deviated from pure

traveling wave mode, even if the level of mistuning is nominal. For largely mistuned cases, highly-localized, single-

blade dominant modes appear due to the escape from aerodynamic coupling.
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(b) 1F mode shape

(a) Full-annulus view (80% speed)

Fig.1 CEFSI fan

Table 1 Specifications of CEFSI fan rotor

Number of blades 18
Aspect ratio 16
Relative Mach number at tip 14
Blade material Ti-6Al-4V
Range of flutter region and 80%N, 82.5%N
structural mode shape (1IF mode)

KT oHEYNH5T L) A THELRMRLE %5,
AfFETIE, BB L7279 v 8 —BRDI ATy FD
FRZ#HHT 5 —8E LT, KEEHEMTT I v &=
eSO BZN 2B R Tl S Tz it 2 55
720, IAFa—VIHR 7Ty 5 —BERICKIET
AR ERLLFMT 2, 72, BHEICALND IR
F 2 — VEOBENEEE IO WT D FMIC AT 5,

2. BIRFE
2.1 BRI R & REiEST

RN BT 5 AT R GUITHIAE I BV TR - 5
Wi & EB TR e SN /ZCEFS17 7 Y'Y TH
o 77 vONBILER KIzbA (IF) E— FOE—
FIERZK 1, HEEEZE1IRT. 77 VIZ18KOH)
BEbb, TI6AMVEEDTY X7 TIERENT WS,
CEFSLiE ) 7 3 BRI B\ TG MR E t80%N, 82.5%
N (NiZf$x &$) OLEMEE L TIFE—FD 7
Ty I —=MEEL,

212, FEHEOOHMEMITCTININLTT v I —
R EREBTOT Ty ¥ —RAEMBORKE 7 7 VI
W<y 7 ETRY, 75 v % —0H Uk ika
(75%, T75%MIHER) THH— VI 2 7% ) &Sk
275y ¥ —BRDPEIB SNz RIENTIE—L DR 7R
EBLOPIRFa2—= v 72T I1TbN72h, i
WEIE TV AZHEEDD/NE L, BELEHTE 5,
ARIFFE T, FEBRDOZEIIN % 50 H) U 72 REERRAT IS X
D, IAFa—=V 7o Breiiilds22HNET
bo fRENTHEPAIE, X 2 PFSI Point &/R&N7Z, 75 v
Y — B R 2 TN CEBHPHIC D725 HTh %,

Surge line @Test  [F]===="" Flutter boundary @Test

—+— P-Q map @"Il‘cst |S'| o
0.8°3"P-Qmap@CFD & > 2
O FSIPoints | !

— Flutter bounqlary

Fo@rst R N

(@-1)/(Treg-1)
g

P

| Cl AT e N 775% |
04 ‘f“ﬁé”""ﬁ"”]S% ”””” P E

1
0.6 0.7 0.8 0.9
Relative mass flow rate m/m,

Fig. 2 Mismatch of flutter boundary on low shaft speeds
in our past numerical prediction ”
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Table 2 Standard deviation of blade-alone frequency in past
studies (1F mode)

Author Model STDEV [%]
17 047 (all)
May UHBR Fan 0.17 (clean)
Beirow ® HPC blisk (1st stage) 0.13
Schnell % Counter-rotating fan 0.25

Table 3 Test cases for frequency mistuning

No. STDEV [%] Assumed situation
1 & =0.2% Nominal level
2 & =0.5% Nominal level
3 e =1.0% Large mistuning
4 £ =15% Very large mistuning

Table 4 Test cases for mass mistuning

No. STDEV [%] Assumed situation
1 e n=15% Nominal level
2 & u=30% Large deviation
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(b) Change in averaged minimum damping rate

Fig. 3 Effects of mass and frequency mistuning on the statistics of damping rate in the flutter mode (80%N, OP: C)
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Fig. 4 Change in averaged minimum damping rate due to frequency mistuning on each rotational speed
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Fig. 5 Flutter boundary obtained from averaged
minimum damping rate
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(14 modes from the lowest damping, real part, only aeroelastic modes for Im( A )>0 are shown)
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Fig. 8 Typical aeroelastic modeshape of the flutter mode
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solid bars: fan No. 720, thin lines: other 20 fans
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