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Analysis of the Influence of FOD by Aircraft Exhaust Wake
Hwankee Cho’

ABSTRACT

The exhaust wake of an aircraft engine is discharged in a high temperature and high speed,
which can damage objects such as an aircraft in the rear. The exhaust wake can lift small
foreign substances lying on the ground or falling off, and the floating foreign substances can
enter the intake duct of the aircraft moving from the rear and cause engine FOD (Foreign
Object Damage). This study experimentally analyzed how the engine exhaust wake generated
from military jet fighters affects the movement of foreign substances and evaluated the effects
of foreign substances on the damaged area by measuring wake velocity. The simulation and
field experimental results confirmed that the effect of exhaust wake increases as the rear
position closer, and that foreign substances lifted by the wake can act as FOD to the adjacent

rear aircraft.

Key Words : Foreign Object Damage(YREEEA), Aircraft(@571), Exhaust Wake(®17135),
Intake Duct(EFY=), Wake Velocity(ZF4E), Temperature(25%)
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Table 1. Engine exhaust temperatures and velocity with power setting and distance [1]

Engine exhaust temperatures and velocity [The angle of wake : 40deg.]

Power setting Max Mil Idle
Distance from Temp. Vel. Temp. Vel. Temp. Vel.
nozzle(ft) ) ©) (MPH) CF) ©) (MPH) CF) ©) (MPH)
20 877 469 644 430 221 491 175 79 48
30 620 327 464 305 152 300 143 62 24
60 290 143 205 160 62 140 80 27 -
80 210 99 153 158 70 99 - - -
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Fig. 1. Velocity distribution of exhaust jet
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Fig. 2. Temperature distribution of exhaust jet
wake with distance from the nozzle
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Table 3. Types and characteristics of foreign

objects
Types Dimension and specification
Stone | A-2 (mm) | A-1 (mm) | B (mm) C (mm)
or
cement| 6 X5 X2 |6x5%x34|8x7x2|11x8x2
debris| ) 127¢ | 0.1825 | 0.164g | 0.348g
Inner dia(meter) X outer dia X
Bolt thickness
Metal |\, 15 x 10 x Imm = 1.2g
pieces
Washer 10 X 6 x 8mm = 2.16g
9 x 15mm = 2.16g
Length (mm) Weight (g)
20 0.1
Diameter
Wires | of wire: 10 0.05
1mm
5 0.03
2 0.019

Table 4. Distributed locations and types of foreign
objects in the field

Distance from exit nozzle
Types Remark
0.5m 1.0m 1.5m
A-2 A-2 A-1 Index
Stone or
cement c b a
debris
d c d
Metal Bolt, nut, washer
pieces
Wires Wire pieces
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Table 5. Velocity distribution at the front of
engine intake

Engine
power

50% 60% 75%

Intake
screen

On Off | On Off On Off

63 [149] 103 | 156 | 143 | 263
6.6 | 15.1] 108 | 179 | 153
Velocity | 71 | 182 11.2 | 182 | 17.5

(“;{S) 95 | 163 | 12 | 195 | 16
intake | 9.3 12 | 19.2 13
front
area | 92 126 | 158
8.5 18.1
21.1
POSN er Mean value in speed(m/s)
%)

50 8.1 | 16.1
60 14.5 | 18.2
75 152 | 263

vl

15 20 25

Flow velocity(m/sec)

Fig. 4. Flow velocity at the front of intake duct with screen on/off at the power 50% and 60%
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