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ABSTRACT

The role played by numerical calculation is rapidly expanding in various
research fields, in sync with the progress of computational technology. In this
paper, we describe an experimental and numerical analytical study conducted
on a number of specific topics, for the purpose of clarifying the physical
characteristics of supersonic flow fields associated with shock waves. The study
aims to maximize the utility of high-performance computers and takes into
consideration the optimization of analysis methods of the numerical calculations
and experimental data of flow fields for each issue. This study focuses on two
broad topics, namely the “consideration of supersonic flow fields using
numerical fluid dynamics” and “image processing with an optical visualization
method.”

An exact simulation of complex flow fields is difficult to achieve with
computational fluid dynamics (CFD) that utilizes approximation using
computers to resolve the fundamental equations of flow fields, even when
high-performance computers developed in the recent years are used. Therefore,
it is important to prepare an optimum computational environment suitable for
the characteristics of 1issues or objectives of studies and to perform
approximation calculations within an allowable precision range. A parallel
computer system specializing in numerical calculations is built and its
performance evaluated in this study. Hardware resources are managed well to
clarify details on the occurrence of the shock wave vibrational phenomenon and
the complex transitional process by using a three-dimensional unsteady
calculation for the purpose of optimization in the “study of an unsteady flow
field around a hemispherical shell in an supersonic flow.” Furthermore,
optimization from hardware aspects, such as the use of a graphics processing

unit (GPU) as the processor to suit the characteristics of the problem, is carried



out in order to achieve a system with an extremely high computational
performance with respect to cost and power consumption in the “study on a
shock wave implosion inside a hemispherical implosion chamber.” Optimization
from software aspects is carried out by conducting a fundamental review of the
algorithm used for analysis in the “study on the relaxation effect of a molecular
vibration for a weak shock wave,” achieving a dramatic improvement in the
computational speed to the extent that problems that were analyzed using
parallel computer systems over several hours in the past could be solved in just
few minutes using a personal computer mounted with a single central
processing unit (CPU).

Furthermore, a background-oriented schlieren (BOS) is focused upon as a topic
of optimizing “image processing by using an optical visualization method” in
this study in order to evaluate the proposed optimization method. The BOS
method is one of the optical visualization methods that visualize density
gradients by using the fact that the image set up in the background of a
phenomenon gets distorted because of a change in the refraction index of the
flow field. An intensity image that includes multiple frequency components is
used as the background image in the abovementioned BOS method and
successfully resolves the problems related to the cases of single frequencies.
Further, computer utilization technology is optimized not only with a numerical
analysis but also for experimental research as described above, and a number of

academic achievements are realized.
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