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CFD/CSD COUPLED ANALYSIS FOR HART II ROTOR-FUSELAGE MODEL
AND FUSELAGE EFFECT ANALYSIS

JH. Sa, Y.H. You, J.S. Park, S.H. Park, S.N. Jung, and Y.H. Yu

A loosely coupling method is adopted to combine a computational fluid dynamics (CFD) solver and the
comprehensive structural dynamics (CSD) code, CAMRAD II, in a systematic manner to correlate the airloads,
vortex trajectories, blade motions, and structural loads of the HART II rotor in descending flight condition. A
three-dimensional compressible Navier-Stokes solver, KFLOW, using chimera overlapped grids has been used to
simulate unsteady flow phenomena over helicopter rotor blades. The number of grids used in the CFD computation
is about 24 million for the isolated rotor and about 37.6 million for the rotor-fuselage configuration while keeping
the background grid spacing identical as 10% blade chord length. The prediction of blade airloads is compared
with the experimental data. The current method predicts reasonably well the BVI phenomena of blade airloads. The
vortices generated from the fuselage have an influence on airloads in the Ist and 4th quadrants of rotor disk. It
appeared that presence of the pylon cylinder resulted in complex turbulent flow field behind the hub center.
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Table. 1 Specification of grid systems

Grid Type Isolated Rotor Rotor-Fuselage
Background grid 111x401x401 161x449x401
Blade grid

321x97x49 321x97%49
(chordxspanxnoemal)
Fuselage grid - 177%x289x49
Total 23.95M cells 37.60M cells
Inner background

: 0.10c 0.10c

spacing
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Table. 2 Computational condition for BL case

Rotor radius, R(m) 2.0
Blade chord length, c(m) 0.121
Twist angle(/R), deg -8.0
Precone angle, deg 2.5
Tip Mach number, Mtip 0.6387
Advance ratio 0.15
Angle of tip path plane, deg. 1

(Isolated Rotor) 3
Angle of tip path plane, deg. 13
(Rotor -Fuselage) '

Thrust, N 3300
Roll moment, Nm 20
Pitching moment, Nm -20
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Table. 3 Trim controls between the experimental data and the
computed results using the isolated rotor and rotor-fuselage

models
. Isolated Rotor -
Experiment
Rotor Fuselage

Thrust, N 3300.00 3350.84 3350.74
Rolling

20.00 14.08 12.15
moment, Nm
Pitching

-20.00 -16.62 -17.99
moment, Nm
0y 3.80 341 3.36
0. 1.92 1.32 1.57
0, -1.34 -0.93 -1.14
iteration - 8 6
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Fig. 2 Trim history of rotor airloads using the isolated
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rotor(up) and the rotor-fuselage(down) model.
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Fig. 4 Measured and computed blade deflection at r/R=0.996.



(b) Rotor-Fuselage case

Fig. 5 Q iso-surface colored by vorticity magnitude(top view).
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