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DEVELOPMENT OF EFFICIENT HARMONIC BALANCE METHOD
WITH THE MULTIGRID METHOD

DK. Im,' S.H. Park™ and J.H. Kwon’

In order to analyze the periodic unsteady flow problem efficiently the partially implicit harmonic balance
(PIHB) method was developed. Contrary to the existing harmonic balance method, this method handles the harmonic
source term explicitly and deals with flux terms implicitly. This method has a good convergence in comparison with
the full explicit harmonic method and it is easy to apply this method because there is no need to calculate the
complicated flux Jacobian term by comparing with the full implicit harmonic method. With the multigrid method
about the each harmonic it turns out that this method has a good convergence regardless of the number of
harmonics. The oscillating flows over NACAO0012 airfoil is considered to verify this method then the result
correponsed to both the result of dual time stepping and explicit Runge-Kutta method.
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Fig.1 NACA0012, O-type (129x33)
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Fig. 2 Comparison of convergence characteristics with
the number of harmonic modes using present
method, the method with MG, and Explicit
harmonic balance method
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Table 1 Comparison of CPU time with the number of harmonic
modes using present method, the method with MG,
Explicit harmonic balance method, and time-domain
method(dual-time stepping)

Partially-Imp
HB ool Exp-RK Dual Time
A MG (RMS=1E-5) Stepping
B A/B
1 72.2 270 | 2.7 4373
2 151.8 613 | 25 811.1
3 2452 | 949 | 26 1188.3 (2376700%73
step
4 330.2 1122 | 2.9 1676.7 per Cycle,
6 613.7 208.1 | 2.9 2761.7 3-Cycle)
8 850.0 3417 | 25 3797.9
10 1205.7 | 5532 | 2.2 5196.4
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Fig. 3 Comparison of CPU time with the number of
harmonic modes using present method, the
method with MG, and Explicit harmonic balance
method
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Table 2 Comparison of the performance with/without
multi-grid method in present method
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Fig. 4 Comparison of convergence rate with/without multi-grid
method in steady problem
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Fig. 5 Comparison of CPU time with/without multi-grid method
in steady problem
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