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Aerodynamic characteristics of battle-damaged flying-wing aircrafts

XU Yihang', LI Ning', LIU Yuxiang', LIU Wei', DING Kai', HE Shipei’

(1. Jiangnan Institute of Mechanical and Electrical Design, Guiyang 550009, China;
2. School of Mechanics and Aerospace Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; To analyze the aerodynamic characteristics of flying-wing aircrafts after being hit by air defense systems,
a combination of wind tunnel test and numerical simulation was used to conduct force measurement analysis on a
battle-damaged flying-wing aircraft under the condition of Reynolds number Re = 1.47 x 10°, and the LES method
was used to study the flow field characteristics of some working conditions, which reveals the reasons of the changes
in roll and lateral characteristics of flying-wing aircraft caused by battle damage holes. It is found through the wind
tunnel test that the battle damage has less influence on the longitudinal aerodynamic characteristics of the flying-
wing aircraft, and more influence on the roll and lateral aerodynamic characteristics. The rolling moment coefficient
of the battle-damaged flying-wing aircraft within the angle-of-attack range of 10° ~30° within the angle-of-attack
range obviously larger than that of the undamaged aircraft, and the absolute values of the rolling moment coefficient
and lateral force coefficient of battle-damaged flying-wing aircraft of model2 are the largest; within the angle-of
attack range of 10° ~24° | the absolute values of the rolling moment coefficient and lateral force coefficient of battle-
damaged flying-wing aircraft of model3 ~ modelS decrease as the battle damage holes move towards the tip chord
direction. The high-precision simulation of the flow field of the battle-damaged flying-wing aircraft through the LES
method reveals that the airflow on the lower surface of the wing will flow to the upper surface through the battle
damage holes, which induces the flow separation of the wing by the wind area in advance, thus leading to the
asymmetric flow separation on the wing surface of the flying wing layout aircraft, and causing an increase in the
absolute values of the rolling moment coefficient and lateral force coefficient of the aircraft. And the closer the battle
damage hole is to the root chord, the larger the flow separation area induced out of the wing leeward area is, and
the more obvious the asymmetric flow phenomenon in the leeward area of the flying wing layout aircraft is. By

analyzing the wake vortices of a battle-damaged flying-wing aircraft, it is found that the battle damage hole induces
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multiple vortex systems behind it, and each vortex system is close to each other and entangles with each other. The

vortices induced by the damage holes move towards the tip chord and merge with the tip vortices as the damage

holes move towards the tip chord.

Keywords: flying-wing aircraft; battle-damaged; wind tunnel tests; LES; Aerodynamic characteristics
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Tab.1 Balance load capacity and static calibration index performance
SH it/ L= v TR/ Y xhiR 2/ R HERE/ B 22/ LR/
(N,N-m) (N,N-m) % (N,N-m) % % %

Y/M, 60.0 60.0 0.04 0.060 0 0.10 0.30 0.03
M./M, 3.0 3.2 0.04 0.003 0 0.10 0.30 0.03
X 20.0 20.0 0.06 0.0300 0.15 0.45 0.06
M, 1.2 1.2 0.03 0.002 4 0.15 0.45 0.10
Z/Ms 30.0 32.0 0.07 0.0300 0.10 0.30 0.08
M,/ Mg 1.5 1.6 0.06 0.001 5 0.10 0.30 0.07
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Fig.1 Schematic diagram of the model test setup
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Fig.2  Schematic diagram of wind tunnel test model of battle-damaged flying-wing aircraft
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Fig.3 Drag coefficient of battle-damaged flying-wing aircraft
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Fig.4 Lift coefficient of battle-damaged flying-wing aircraft
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Fig.5 Rolling moment coefficient of battle-damaged flying-wing
aircraft
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Fig. 6  Lateral force coefficient of battle-damaged flying-wing
aircraft
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Fig.8 Schematic diagram of flying-wing aircraft
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