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Numerical Analysis of Aerodynamic Performance for Rotating Blades
of Tilt Rotor Aircraft in Cruise Mode

S. W. Ahn, S. H. Ko, B. S. Kim and S. W. Choi

Numerical analysis were made for the unsteady flow fields of the rotor system of a Tilt-Rotor
aircraft in cruise mode. The Reynolds-averaged thin-layer Navier-Stokes equations were discretized
by Roe's upwind differencing scheme and integrated in time by the LU-SGS algorithm. The
computational domain of the rotor system was constructed by seven multi-block Chimera grids.
Comparison of pressure coefficient on the surface of the main wing and blades were made for
3cases of advance ratio(0.325, 0.350, 0.375) and thrust and power coefficients for the rotor were

compared with experimental data.
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Fig. 1 A sinply analyzed TR-S] model of the Smart UAV
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Table 1 Flight condition for tilt rotor system
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Fig. 2 Computational domain constructed by Chimera grids

_ Parameters | ‘221‘2’5"’;“1/5 Table 2 Chimera grids for tilt rotor system
Free stream velocity 70.256 m/s Size(i X
Flight 75.289 m/s Main Body 132X64 X80
Condition| Blade tip speed 200.773 m/s Intermediate
Blade rotational speed | 1324.246 rpm Background(cylinder) 12375087
Air density 1.22145 kg/m3 3 Blades(O-0 Gnid) (107X54X43) X3
Collective pitch angle |20~ 30°(/R=0.75) Main wing(C-C Grid) 161 X47X43
CfDITEt[V Blade radius 145 m Nacelle(O—O Gnd) 72X69X39
Solidity 0.105 Total Grid Point 2,475,385
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(a) Shape of the blade of the TR-S1 model
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(a) Profile of the twist angle of the blade
Fig. 3 Characteristic data of the blade for the TR-S1 model
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Fig. 4 Profile of the main-wing's airfoll of the TR-S1 model
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Fig. 6 Distribution of the Cp on the main-wing(50%6 span)
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Fig. 7 Histograms of calculated CT and CQ
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Fig. 8 Comparison of the CT and CQ of the rotor
with those of the TRAM data
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Fig. 9 Distribution of the Cp on the blade (75% span)
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