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Abstract: In order to investigate the engine inlet rain swallowing under extreme rainfall conditions, based
on the Eulerian multiphase flow model, different rainfall intensities, angles of attack and flight phases were se-
lected for different culvert ratio engines to analyze the effects of different conditions on engine inlet rain swallow-
ing, and the calculated results were compared with the test conditions for water ingestion in the national military
standard. The calculation results show that the engine inlet rain swallowing will increase with the increase of rain-
fall intensity and flight speed, and the angle of attack change has less effect on it. When the rainfall intensity is
lower than 709.2mm/h, the engine inlet rain swallowing is always lower than 5% of the maximum inlet flow rate in
the national military standard water ingestion test conditions, which can ensure flight safety. However, when the
rainfall intensity reaches 1872mm/h, the rain swallowed during the climb phases is higher than 5%, which may
be a safety hazard.
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Table 1 Classification of rainfall intensity levels (mm)

Rain intensity level Daily rainfall Hourly rainfall

Light rain 0.1~10 <2.5
Moderate rain 10~25 2.5~8
Heavy rain 25~50 8~16
Rainstorm 50~100
Heavy rainstorm 100~250 =16
Torrential rain >250
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Table 2 Rainfall intensity classification table
Heavy rainstorm
Rain intensity level Light rain Moderate rain Heavy rain Rainstorm
Light Moderate Heavy
Hourly rainfall/(mm/h) 2.5 8 16 32 64 100 200
Table 3 Variation of precip rate with geometric altitude
Geometric altitude/km 0~6 8 10 12 14 16 18 20
Precip rate/(mm/h) 1872 1386 954 654 414 204 150 0
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Fig.1 Comparison of experimental and calculated values

of end velocity of raindrops'”
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Fig. 3 Calculation model and boundary conditions
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Table 4 Numerical simulation boundary condition

Flight phase

R/(mm/h) al(?)

State Velocity/(m/s)
200 10 Takeoff 75
709.2 15 Climb 150
1872 20 Cruise 225
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Fig.5 Mass flow rate of raindrops under different rain

intensity conditions
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Fig. 9 Mass flow rate of raindrops during different flight

stages R=709.2mm/h
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Table 5 Rain flow at engine inlet under 1872mm/h (kg/s)

Phase Climb Cruise
0.0003 0.0002

2 0.4803 0.4038

3 2.6402 2.7065

4 5.1610 4.4333

5 6.0892 4.3828

6 5.3209 3.2088

Rain flow at engine inlet/(kg/s)
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Fig. 10 Mass flow rate of raindrops during different flight

stages under different rainfall intensities
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