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Preface to “Japanese Pioneers in Research and Development

of Gas Turbine”
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Principal Items of Kikka

1. Applicati Short di high speed intercepter
to ships

2, Seat Single

3. Engine Two “Ne 20" Turbo-Jets

4. Total Weight 3.5 tons (over load 4.0 tons)

5. Total Wing Area  13.5m. square

6. Bomb One 500 kg

7. Max, Speed 365knots

8. Range 300 NM

Remarkes :
At take-off, two booster Rockets are used which
continue 9 seconds,
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Statistical Sensitivity Study of Mistuning Effect on Transonic Fan Flutter
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ABSTRACT

0 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-

- KeffrEms =

blade dominant modes appear due to the escape from aerodynamic coupling.

Key words : Fan, Aeroelasticity, Stall flutter, Mistuning, Monte-Carlo simulation
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(b) 1F mode shape
(80% speed)

(a) Full-annulus view

Fig. 1 CEFS1 fan

Table 1 Specifications of CEFS1 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 0 1F model
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....... Surge line @Test

—}:— P-Q map @'Il‘est
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O FSI Points

=== Flutter boundary [S]

P @St N
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(m-1)/(pee -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 modeld

Author Model STDEVO %0
047 alld
u]
May UHBR Fan 0170 cleanm]
Beirow " HPC blisk] 1st stagel] 0.13
Schnell © Counter-rotating fan 0.25

Table 3 Test cases for frequency mistuning

No. STDEVDO %0 Assumed situation
1 e =0.2% Nominal level

2 € =0.5% Nominal level

3 € =1.0% Large mistuning
4 e =15% Very large mistuning

Table 4 Test cases for mass mistuning

No. STDEVO %O Assumed situation
1 € m=15% Nominal level
2 € m=30% Large deviation
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Cumulative probability
=
i

Minimum aeroelastic damp. rate p;, [1/s]
(a) Cumulative probability

Mmin ~Htuned [1/5]

;sM = 0.0 (freq. m‘éstuni‘lng Ol’ljly)
! I7--8m= ey, = 0015 (15% thass misturling) |
Ol TR gy = 0.30 (30% mass misturing) |

1 i i i i i i i i i
0 1 2
Frequency mistuning € [%]

(b) Change in averaged minimum damping rate

Fig. 3 Elects of mass and frequency mistuning on the statistics of damping rate in the flutter modelJ 80%N, OP: C[J
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-10 i i i
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Mass flow rate m/m,

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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Fig. 1 SEM images of RB-SiC substrate surface after heat
exposure at 1435 [0 [0 backscattered electron imagell: O
side surface, [ bottom surface, and O distribution of
particles on Si phase in RB-SiC an enlarged view of 0 0

[0 TC: Mullite topcoat layer, BC: Si bond coat layer, S: RB-
SiC substratel]
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Fig. 2 Cross-section of EBCs coated RB-SiCO backscattered
electron image: O as-coated, [ after heat exposure at
13200 and O after heat exposure at 14350 [ TC: Mullite
topcoat layer, BC: Si bond coat layer, S: RB-SiC substratel]
0 and O show enlarged view of Si bond coat layer after
heat exposure at 132000 and 14350 , respectively.
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001 101

Fig. 4 SEM microstructurel left, backscattered electron imageld
and inverse pole figure maps rightdin Si bond coat layer
after heat exposure at 1320000 a-1[11 a-200and 143500 b-1[]
[ b-2[11 BC: Si bond coat layer, S: RB-SiC substrate(]
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