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A Quasi-Steady Method for Unsteady Flows

over Surfaces with Structural Deformation
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Inha University* ' **, Agency for Defense Development***

ABSTRACT

In this paper, we present and verify an aerodynamic reduced-order model (ROM) based
on a quasi-steady flow method to reduce the computational cost of supersonic aeroelastic

analysis. For supersonic flows, especially when the characteristic time scale of the flow is

small compared to that of the structural motion, the unsteadiness of flow can be negligible,

and quasi-steady solutions can be used instead of the unsteady solutions for the aeroelastic

analysis. Kriging method is used to build the ROM of the aerodynamics. The surface
solutions from the ROM are used as the boundary conditions for the structural analysis at

each time-step. The ROM is validated against the unsteady solutions.
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Fig. 1. ¢, history of SCA airfoil in pitch oscillation

Fig. 2. Mach number contour of SCA
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Fig. 4. Mach number contour of NACA0012
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Table 1. 4-different—-frequency

s [Hz] 7| [sec]
1 1.701e—1 5.88
2 1.701 5.88e-1
3 1.701e+1 5.88e-2
4 1.701e+2 5.88e-3
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Fig. 8. the measurement point of ¢,
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Table 2. ranges of amplitude factors

Range

la, | < 0.02 lag |l < 0.00475

la,| < 0015 la | < 0.00356

lagl < 001125 | [ag]< 0.00267

lasl < 000844 | |lagll< 0.002

0.00633 0.0015

I as |l < I ao Il <
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