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Fluid-Structure Interaction Analysis of High Aspect Ratio Wing

for the Prediction of Aero-elasticity
Ki-Du Lee*, Young-Shin Lee**, Dae-Yearl Lee* and In-Won Lee*

ABSTRACT

For the safety of aircraft and accuracy of bombs, many companies have researched
the new concept of adaptive kit to flying-bombs. For the long distance flying, it’s
normally used deployed high-aspect ratio wing because of limited volume. The
probabilities of large elastic deformation and flutter are increased due to decreased
stiffness of high-aspect ratio wing.

In this paper, computational fluid dynamics and computational structure dynamics
interaction methodology are applied for prediction of aerodynamic characteristics.
FLUENT and ABAQUS are used to calculate fluid and structural dynamics.
Code-bridge was made base on the compactly supported radial basis function to
execute interpolation and mapping. There are some differences between rigid body
and fluid-structure interaction analysis which are results of aerodynamics characteristics
due to structural deformation. Small successive vibration was observed by interaction.
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Table 1. Comparison of frequency and
material properties
ltems Present | Ref.[16] | Expl15]
1 9.25 9.46 9.60
Frequency 2 37.40 39.44 38.10
(Hz) 3 51.74 49.71 50.70
4 99.55 94.39 98.50
Weight kg 1.8627 1.693 | 1.8627
£ 3.9123 | 3.1511
E, | 25200 | 0.4162
E; | 0.3835 -
Material Vo 0.034 0.31
Properties | vy, 0.033 -
(GPa, oy | 0.326 -
ka/m®) | G, | 03293 | 04392
G5 | 0.4090 -
Gy | 0.1360 -
P 41195 | 381.98
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Table 2. Initial boundary condition to FLUENT
(2.5ft Weakened model 3)

Mach Pressure( 7a) Temperature
Operating | Gauge (K)
0.499 6370.76 30150.0 297.44
0.678 5539.75 11792.1 290.01
0.901 4275.71 3433.9 270.03
0.960 2935.06 1759.5 258.01
1.072 3164.89 911.35 257.52
1.141 5041.79 667.13 253.89
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Table 3. Measured and analysis wing
frequencies and displacement of

glider’'s wing
f(Hz)
Mode g2
Test[14]| Initial | Update
1 1225 | 9.426 | 12424 | 1 bending
2 1828 | 18.026 | 18.243 lead-lag
3 65.18 | 77.703 | 65.914 | 2" bending
4 14538 | 132.61 | 144.31 torsion
5 - 195,06 | 173.13 | 3 bending
disp'(m)| 0.036 | 0.0421 | 0.037 |=7i Bz

Table 4. MAC results of glider’'s wing with
correlation of frequencies, static
deformation and MAC

object Analysis
function 1 2 3 4
. 1 0.972 | 0.230 | 0.207 | 0.002
f‘:gg]’ 2 0.119 |0.965 | 0.160 | 0.001
disp’, MAC 3 0.211 | 0.064 | 0.987 | 0.037
4 0.017 | 0.001 | 0.040 | 0.965
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Fig. 14. Displacement of wing tip in ABAQUS
with variation of Mach numbers
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