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Airworthiness certification of turbo fan engine core duct bird ingestion
during climbing phase
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Abstract: The effect of core duct bird ingestion on turbo fan engine was analyzed, the differences of
damage mode and key factors between core duct bird ingestion and fan blade bird strike were determined.
Core duct bird ingestion was simulated by using smooth particle hydrodynamic method to study the impact
of bird ingestion location, bird ingestion velocity and fan rotor speed. The critical parameter of the most
severe operating conditions for core duct bird ingestion was determined. The results showed that the center
of the inlet guide vane was the most critical position which led more bird ingested. At higher bird ingestion
speed and lower fan speed, the mass of the bird body slices entering the inner duct was greater. The
research results support the formulation of special conditions for the core duct bird ingestion of a certain
turbo fan engine. The bird ingestion test should be carried out under the conditions of the minimum fan
speed at maximum climbing speed in the typical climbing stage, at the same time, the impact position of

the bird used in the test should maximize the mass of the bird ingesting into the core duct.
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Fig. 2 Failure of high pressure compressor blades
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Fig. 3 Front of the engine ‘
Myi=0.83 kg
(c) LOC-3

Bl5 A0S S 43 A
Fig. 5 Distribution of bird debris at each bird

ingestion location
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Table 1 Bird mass entering into inner duct at different

impact positions

G PRI 1 S5 it kg
LOC-1 0.76
4 BT R 0y AR LOC-2 0.80
Fig. 4 Simulation model of core duct bird ingestion LOC-3 0.83
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Fig. 6 Plastic strain contours of IGV after bird ingestion
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Table 2 Bird ingestion conditions at different

bird velocities

T LR 5 5/(m/s) AER 538/ (r/min)
1 g 130 3250
2 g 100 3250
3 i 75 3250
4 i 50 3250
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Fig. 7 Bird ingestion process at different bird velocities
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Table 3 Mass of bird slice on each condition

SRR /g
TH
E—Uk EUR E=UR
1 232.1 809.9 767.4
2 183.2 631.3 590.1
3 137.4 478.2 440.7
4 88.5 317.2 2539

R, B PR HE A DA IER Y I R A Ry SE R
8 45 i T AN [a] & 3 5 B 4 TR 2 IGV I
F Von Mises b J W (1L 4553, T 00 1 W {H 1
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Table 5 Mass of bird slice

(a) V=130 m/s

JiiR/g
T - " "
EB—UH B B=Y A
1 208.8 693.2 666.4
(b) %=100 m/s 2 232.1 809.9 767.4
3 263.8 942.0 905.4
4 313.4 11359 916.1
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Fig. 8 Peak Von Mises stress of booster IGV
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Table 4 Simulation conditions for bird ingestion at

(c) WU %33 42 750 r/min

different fan rotor velocities

TH S5/(mss)  RXUEE B (r/min) RETH

1 130 3750 Ak

5 130 3950 W e (d) AU #5535 M3 250 r/min

3 130 2750 Mt 1O 45 TS IGV M5 2
4 130 2250 Fii 7

Fig. 9 1IGV plastic strain contours on each condition
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