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UNSTEADY AERODYNAMIC ANALYSIS OF HELICOPTER ROTOR BLADES
USING DIAGONAL IMPLICIT HARMONIC BALANCE METHOD

D. K. Im; S. I. Choi E. Kim? J. H. Kwon™ and S. H. Park’
'School of Mechanical, Aerospace & Systems Engineering, KAIST
2Computing-bridge Co.
3Dept. of Aerospace Information Engineering, Konkuk Univ.

In this paper, diagonal implicit harmonic balance method with overset grid technique is applied to analyze
helicopter rotor blade flow in hover and forward flight condition. The chimera grid need interpolation time with
sub-grid and background grid in moving problem such as forward flight on every time step. Present method is
available enough to reduce the grid module interpolation time. In order to demonstrate present method, Caradonna
& Tung's and AH-1G rotor blades are used and the results are compared to other researchers’ result and

experimental data.
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Fig. 1 Grid(Caradonna & Tung's rotor blade(Euler),
21x67x105, 89x97x97)
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Fig. 2 Grid(Caradonna & Tung's rotor blade(N-S),
97x106x217, 155x239x239)
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Fig. 3 Convergence of 12norm of density and thrust
coefficient (Euler)
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Fig. 4 Convergence of I2norm of density and thrust
coefficient (N-S)
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Table 2 Thrust coefficient (M=0.439)

cT cQ [ FMm
Experiment[17] 0.0046
Ahmod][3] 0.0047 0.00051 | 0.44
Kim [2] 0.0051 0.00049 | 053
N-S(1 Harmonic) 0.0051 0.00049 | 053
N-S(2 Harmonics) 0.0051 0.00049 | 053
N-S(3 Harmonics) 0.0051 0.00049 0.53
Euler(1 Harmonic) 0.0049
Euler(2 Harmonic) 0.0049
Euler(3 Harmonic) 0.0049
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Fig. 5 Pressure coefficient distribution on blade surface
(M=0.439)
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Fig. 9 Convergence of 12norm of density
(non-lifting forward flight)
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Table 3 Non-dimensional time and grid module time at
different harmonics (non-lifting forward flight)

No. of CPU time Grid Module time
Harmonics (T/T0_HB) (sec)
5 6.08 42
7 1451 57
9 18.62 70
11 23.71 85
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Fig. 10 Pressure coefficient distribution on blade surface
(r/R=0.89, non-lifting forward flight)

Fig. 11 Surface pressure contours in different harmonics
(non-lifting forward flight)
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Table 4 Pitching and flapping condition for AH-1G forward flight
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615 Blc Bls
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Table 5 Averaged thrust coefficient (AH-1G, M=0.65, 11=0.19)

CT CcQ
Experiment 0.00464 0.000220
5 Harmonics 0.00474 0.000223
7 Harmonics 0.00468 0.000218
9 Harmonics 0.00467 0.000221
11 Harmonics 0.00467 0.000220
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