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UNSTEADY FLOW SIMULATION FOR POWERED TILTROTOR UAV

S.W. Choi' and JM. Kim'

Unsteady flow simulation for the tiltrotor Smart UAV configuration was performed lo investigate the powered rotor
wake effect on aerodynamic characteristics. Calculations were performed to simulate various flow conditions based on
different flight modes including hover, conversion and cruise. Three-dimensional compressible Navier-Stokes equation code
were used for flow calculation and Chimera grid technique overlapping individually generated grids was employed A
dynamic grid method was adopted in simulation of the rotating blades. Flow calculations were also conducted for the
un-powered case. Aerodynamic interaction between the rotor and airframe was investigaled comparing three data sets

from the un-powered, powered, and isolated rotor cases.
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Fig. 1 Aerodynamic effect of proprotor
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1) Isolated Rotor Configuration (Fig. 3) : v} 3719 £9

}8-57=9¢] CFD-FASTRANS o
°% CID-FAST & et , olcrozs ool =7z @aozAl HeAdl o
A FEHNE 7 BelolE 293 ke BYEe £4E

@ FEH 04l gl o 2ENY $UNSE FE
[4].

2)  Unpowered Configuration (Fig. 4) : ZE{7}F gl 5497
2 gvie] Haowa mHe ] glE &
2 vlgAREY FEATE S5

3) Powered Configuration (Fig. 3) ¢ (3)¢] Unpowered
Configuration®l] ZEZ 3718k gado2A vjgae}l 2

)]y(

sufERe7]o] tE B9 A71A 084 & 8
)M 2=¢) CED-FASTRAN[3)S ol fdlo] o|2o] T} %

s o Azbdel i Aeel digk 28 9 HjsiAe 5
A4S A AFEel s FAAA v FEA 7)Y A% =2,
= Adaied, Al AAe R geivels o
o 2k B AR HEw A7A B A 95 vk
Aol g8 AAZAL 2E|2 238 Ao BE AE(EQ, oL, FhEl WA, $)e A9 9ad o
Wl disiAe SWAAZRAS, QuEAdA s dukAgl p

Aog pAElown, Azddke THAS wster AU



N1 2BY

@ 112|0$%% = ]

Fig. 4 Unpowered configuration

Fig. 5 Powered configuration
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Table 1 No. of Grids

Component X ] ¢ |Blocks| Grids
351 26 | 41 2
Fore
35 1 26 | 31 2
51 1 26 | 41 2
Body(1) | Center o 535,392
51 126 | 31 2
57 126 | 41 2
Aft
57 1 26 | 31 2
Wing(1) 51 | 41 | 31 2 129,642
Flap(1) 31 | 41 | 31 2 78,802
H-tail(1) 31 | 31§ 31 2 59,582
Nacelle(1) 91 | 51 { 5i 2 473,382
Blade(3) 41 | 51 | 41 6 514,386
Total 26 | 1,791,186

( ) No. of Components
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Table 2 Flight condition

Alt | Tilt | Col | Flap |[AOA | Speed Adv.
Mode | )| (deg) | (deg) | (deg) | (deg) |(km/m) | RPM | Ratio
9 | 10 0 0 0 |1605] 0.00
Hover | 0
90 10 70 0 0 1605 | 0.00
90 8 50 0 60 | 1605 | 0.07
80 7 25 0 133 | 1605 | 0.15
60 10 25 0 188 | 1605 | 0.22
Conv. | 0
45 13 25 0 202 | 1605 | 0.23
30 | 16 | 25 0 | 216 | 1605 | 0.25
15 19 25 0 231 11605 | 0.27
0 28 0 0 250 | 1284 | 0.36
0 28 0 8 250 | 1284 | 0.36
Airplane | 3
0 28 0 16 | 250 | 1284 | 0.36
0 28 10 16 250 | 1284 | 0.36
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Fig. 6 Grid system
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Fig. 7 Hub forces (tilt=60, flap=235, aca=0)
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Fig. 8 Hub Moments (tilt=60, flap=25, a0a=0)
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Fig. 9 Airframe Forces (tilt=60, flap=25, aoa=0)
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