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Unsteady external flow simulation is a major topic of the numerical
simulations, and compressibility is significant on the flows in the
aerospace engineering. A Cartesian grid solver for wunsteady flow
simulations receives considerable attention with the improvement of the
supercomputing performance and simulation scheme. Cartesian grid has
advantages to the boundary fit grid such as the easiness to improve the
spatial accuracy of the simulation and the robustness of the mesh
generation. In the high—-speed flow dynamics, Reynolds number based on the
length of the object increases. Unsteady numerical simulation of the high
Reynolds number flow has a difficulty of the grid resolution of the
turbulence boundary layer and it more significant in the Cartesian grid
solver.

Present study investigates computational fluid dynamics (CFD) result of
unsteady external flows by Cartesian cut—cell method so that to improve the
numerical prediction method for the high Reynolds number flow. Cartesian
cut—-cell method is one of the most accurate Cartesian grid solvers. The
present study contains five chapters. Chapter 1 is the introduction of the
present study. Chapter 2 to chapter 4 are shows the result and discussions
of the unsteady CFD results. Chapter 2 shows the validation of the inviscid
CDF analysis for the flow includes “sharp—edge separations” using Cartesian

cut—-cell method. Chapter 3 shows the CFD result and discussions for the



wall-modeled Cartesian cut—-cell method. Chapter 4 shows the coupled CFD
analysis and the aerodynamic force modeling of the unsteady flow with
pitching motion of reentry capsule. Chapter 5 is the conclusion of the
present study.

In chapter 2, the CFD analysis of inviscid compressible flow using the
Cartesian cut—cell method are performed. Numerical simulations of the flow
past a triangular column are performed as a validation problem of the
applicability of the inviscid simulation to the flow around a body with
sharp—edge separation. In two—dimensional simulations, the difference
between the calculated and experimental values of the drag coefficient,
contrary to expectations, increase as the grid width is refined. In these
simulations, it is found that vortex shedding is accompanied by a markedly
accelerated flow and that an extremely large pressure drop occurred in the
vortices. In contrast to the two—dimensional simulation, three—-dimensional
inviscid simulations of the flow past a triangular column do not exhibit
vortex shedding or a large pressure drop. Two shear layers develop from the
trailing edges of the triangular column, and grid convergence to the
experimental value of the drag coefficient is obtained. These validations
confirm that the three—-dimensional simulations are applicable for certain
kinds of the flows around a body with sharp—edge separation; while, the
two—dimensional simulations are invalid for the flow around a body with
sharp—edge separation.

In chapter 3, the CFD analysis by the wall-modeled Cartesian cut—cell
method is performed. The CFD analysis of the flow past a triangular column
by wall-modeled Cartesian cut—cell method is performed and compare with the
inviscid simulation. The result indicates that the inviscid simulation is
sufficient to predict the flow which includes “sharp-edge separations”.
Also, numerical simulation of the flow around 30P30N three—-element
high-1ift airfoil configuration is performed. The aerodynamic coefficients
are agreed with the experimental results. Vortex structure of the
outer—layer part of the turbulent boundary layer is formed on the suction
side of the main element in the present study. Moreover, the unsteady
movement of the separation point on the suction side of the flap is observed.
These phenomena are not observed in the Euler simulation. Furthermore, Euler
simulation overestimates 1ift coefficient. For this reason, Euler
simulation is insufficient for prediction of the flow including the
separation from smooth surface.

CFD analysis coupled with pitching motion of a reentry capsule is



performed, and model equation for aerodynamic force coincident with the CFD
result is proposed. Self-excitation of pitching oscillation and subsequent
limit-cycle oscillation are reproduced in the fine—grid CFD simulation.
Axis of the vortex ring in the wake extracted by the phase average is
displaced to the lower side of the capsule base when the zero pitch angle
and pitch—up. This displacement causes dynamic component of pitching moment
around a=0. Pitching moment coefficient is decomposed into Fourier series.
The amplitude of the third harmonics is larger than dynamic component of
the fundamental frequency. The proposed model equation for the pitching
moment, which fully includes the third harmonics, reproduces the same
amplitude and the same frequency with the CFD result during limit-cycle
oscillation. The dynamic component of the unsteady aerodynamic work per unit
time of the present model gives better estimate than conventional models.

The chapter 5 concludes the present study.
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