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The Prediction of Aeroelasticity of F-5 Aircraft’'s Horizontal Tail

with Various Shape of External Stores
Ki-Du Lee*, Young-Shin Lee**, Dae-Yearl Lee*, In-Woo Kim* and In-Won Lee*

ABSTRACT

According to the development of loading equipments, it is usual to change or replace
the existing stores. It has been known that pylon-mounted under stores strongly affect
aircraft dynamics characteristics due to the change of aerodynamics. To predict the
aerodynamics and aero-elasticity is essentially requested with considering the configuration
and shape of external stores during the development of aircraft and/or external stores.

In this paper, computational fluid dynamics and computational structure dynamics
interaction methodology are applied for prediction of aerodynamic characteristics for F-5
aircraft’s horizontal tail with various shape of external stores. FLUENT and ABAQUS were
used to calculate fluid and structural dynamics. Code-bridge was made base on the globally
supported radial basis function to execute interpolation and mapping. As a result, even
though the aeroelasticity of the horizontal tail slightly changes according to the shape of
external store, the flutter was not occurred at the considered flight conditions in this study.
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Fig. 2. Work flow for FSI by using RBF, FLUENT and ABAQUS
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Table 1. Information of CFD model with
various external stores
Volume Cell | Surface mesh | Tqig
Configuration -
Poyhedral| Mixed |Polygonal| Pave | node
Pylon only |139,137 340,984 | 45217 | 16,773 | 758,095
Fuel tank |167,901 340,984 | 53,788 | 16,773 |851,237
CBU-58 |207,261 (340,984 | 66,719 | 16,773 | 987,088
Gliding object | 213,394 | 340,984 | 68,624 | 16,773 | 999,341
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Table 2. Results of steady state with
various configurations, analysis
methods and mesh types

Configuration| Method pritifre Moment(N-m) | Force(N)
1.44 X : =21271.65 |x : 603.520
Pylon Euler et5 y : =215776.6 | y : 4143.95
only z: 5212174 |z : 17205.0
N-S X : —18606.61 | x : 400.700
(S-A) 1.35e+5|y : —1846680 |y : 4347.86
z: 5447768 |z : 141776
1.46 x + —21106.23 | x : 364.450
Euler e+5 y 1 —210844.8 |y : 4332.09
Fuel z :© 5407093 |z : 16745.1
tank N-S X : —18439.62 | x : 176.95
(S-A) 1.36e+5|y : —1809534 |y : 4508.41
z: 56136.58 |z : 144521
1.61 X 1 —27274.56 | x : 804.300
Euler et5 y : —261367.7 |y : -1123.9
CBU-58 } z : —13253.63 |z : 20859.2
N-S X —23434.47 | x : 631.590
(S-A) 154e+5|y : —220071.0 |y : -855.96
z + —10036.51 | z = 17638.7
1.44 X : —25347.78 | x : 928.780
Euler L5 -241077.0 |y : -1690.9
Gliding €T 1712014476 |2 : 19202.8
object N-S X : —19020.78 | x : 408.28
(S-A) 1.32e+5|y : —1714566 |y : -1293.3
z: -1713220 | z = 13766.
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Table 3. Optimization results of design
variables of horizontal tail

e Selected
Property Initial value value
Elastic
I’T}%dFl)ﬂ s| £, 73.0 213.01
a
Al Metal P?AS“SOOI’] Vi 0.33 0.33
el 2780 | 964342
. £y
Elastic 0.28 1.41
g
a
By, 1.39 323
Poisson |, 0.33 0.33
Aluminum ratio 2
honeycomb G,
Sr&eglar G 0.15 0.00172
moauius 23
(GPa :
G, 0.23 0.0614
DKZr}fT'}}’ P 368 147.65
Front 0.0025 0.0022
Spar | center| 0.004 0.019
Thickness Rear | Frontx1.2 0.0026
Rib Root Tipx1.2 0.0195
M 1ip | o000 0.0163
Weight kg 63 135

Table 4. Analysis results compared with
EGLIN GVT data

EGLIN Analysis[13] Present
Mode
Mode| Hz |Mode| Hz |Mode| Hz
1st bending 1 18.52 1 17.69 1 18.52
1st torsion 3 [5020| 2 |4840| 2 |50.20
2nd bending| 5 7069 | 4 |6842 4 70.69

(a) 1st mode (b) 2nd mode

(c) 3rd mode

(d) 4th mode

Fig. 7. Vibration modes of horizontal tail
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Table 5. Results of CFD and CSD with
gliding object

Time CFD csD

(sec)

0.14

0.25

0.38
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