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Ground vortex distortion flow characteristics of

inlet for a transport aircraft

ZHAO Haigang, LFWJO-Yu, WANG Junqi, YANG Liu, REN Dingding

(Chinese Flight Test Establishment,
Aviation-Industry Corperation of Chinalimited, Xi'an 710089, China)

Abstract: Based on idle and-engine driving.of a military transport aircraft equipped with a
large bypass ratio turbofan-engine in unpaved-runway grounds—a-fullScale three-dimensional simu-
lationy model‘\was established, By-means of numerical.simulation, the ground vortex distortion
flow characteristics under different wind spéed., _wind direction and running speed were studied.
The result showed that the ground vortex intensity first increased and then decreased under the
270 degree crosswind condition..Fhe ground vortex intensity was maximal under wind speed
range from 2 m/s t6,4 m/sThe ground vortex disappeared when wind speed was more than 6
m/s. The ground vortex intensity was maximal and it had strongest suction capacity to foreign ob-
jécts at 210 degree wind direction under the wind speed of 3 m/s. Also it had greatest influence on
the inlet’s outlet flow field. The ground vortex intensity and scope was weak under the condition
of aircraft running compared with stationary, headwind.

Key words: transport aircraft; high bypass ratio turbofan engine; wind speed;

wind direction; running; ground vortex distortion; circulation
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Fig.2 Three-dimensional mathematical model of an aircraft
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Table 1 Numerical simulation operating

conditions statistics

Fpdg WA/ (m/s)  KUml£A /(%) V../(m/s)

1 0 27000 0,1,2,3,4,576.,7
2 0 180 (I JAL) 3
3 0 210 3
4 0 240 3
5 0 270CHTX) 3
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Fig.6  Ground vortex flow characteristics diagram

under typical operating conditions
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Table 2 Ground vortex calculation results of different

crosswind wind speeds

V../(m/s) r Ap./Pa Aoy %
0 0.18 10. 21 0.06
1 0.32 30. 28 0.31
2 0.46 72.56 0.51
3 0.46 75.31 0.53
4 0.43 65.45 0.46
5 0.32 21.83 0.33
6 0.25 17.97 0. 26
7 0.2 10. 82 0.09
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Fig.8~.Ground vortexX circulation and static pressure index

of inlet outlet surface under different wind speeds
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Fig.9 Circumferential total pressure distortion index of in-

let outlet surface under different wind speeds
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Table 3 Ground vortex calculation results of different

crosswind directions

JRL I £ /() r Ap./Pa Aoyl %
180 0.55 251.00 0.46
210 0.63 431.53 0.65
240 0.56 409. 41 0.63
270 0.46 75.31 0.53
300 0.21 24.72 0.10
330 0.25 33.54 0.15
360 0.32 132.63 0.26
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Fig.11 Ground vortex circulation and static pressure index

of inlet outlet surface under different wind directions
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Table 4 Ground vortex calculation results of different
running velocity and their corresponding

upwind conditions

I/ putp8 fiegitl

(m/s) p* Ap/Pa Ao/% I ApJ/Pa Aoo/%

1 0.24 13.21 0.09 0.07 30.12 0.05
2 0.28 56.80 0.21 0.06 35.26 0.06
3 0.32 132.63 0.26 0.07 41.75 0.08
4 0.29 113.58 0.17 0.03 2.50 0.006
5 0.25 43.75 0.08
6 0.12  14.97 0.07

7 0.09 10.81  0.06
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