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(FEER) XAEE DA (400 words)

This thesis investigates the physical mechanics of shock wave oscillation phenomena
in airflow around an aircraft. We analyze the results of numerical simulation for
studying the physical insight of the unsteady motion of the shock waves

Firstly, we investigate an oscillation phenomenon of the shock wave system on the
supersonic intake known as “buzz.” We employed the unsteady Reynolds-averaged
Navier-Stokes (URANS) method to simulate a series of wind tunnel tests in which an
external-compression intake model at a Mach number of 2.0. The experimental and
numerical results indicate that the MFR (Mass Flow Rate) through the diffuser is
closely tied to the onset of buzz. Based on this finding, we model a time variation
of the mass on a control volume (CV), which is located at the rear part of the diffuser.
The modeling suggests that the buzz phenomenon can be described by a delay
differential equation (DDE). Mathematical and numerical analysis shows that the
proposed model could predict the buzz onset by the bifurcation of the solution of
the equation.

Secondly, we perform a resolvent analysis on a two—dimensional transonic flow over
a NACA0012 to identify the origin of shock oscillation phenomenon around an airfoil
called “transonic buffet. ” Numerical simulation to obtain the base flow for resolvent
analysis is conducted at a cord-based Reynolds number of 2000 and a free—stream Mach
number of 0.85. This flow condition is quite lower than what traditionally has been
considered in previous researches. Resolvent analysis allows us to find that the
appropriate forcing input could trigger the shock oscillation even at a low—Reynolds
number flow. The source of buffet is identified to be at the shock foot. We also comment
on the role of perturbations in the vicinity of the trailing edge.

Consideration of a transonic buffet on a three—dimensional wing used for regular
aircraft is the final part of our discussion. We employ a NASA-CRM (Common Research
Model) wing as a test model for an investigation. Zonal-DES (Detached Eddy Simulation)
method allows us to simulate complex unsteady flow fields. A comparison between the
numerical and experimental results suggests that our calculation simulates the
three—dimensional buffet with reasonable accuracy. A spectrum analysis about the
pressure field on the wing indicates that the three-dimensional buffet could be
understood as a superposition of two types of shock oscillation with different
frequency ranges. Also, we found that the shock oscillation on the NACA-CRM airfoil
could be categorized into three patterns.






