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Numerical Simulation for Generating Low-Boom Pressure Signatures

by
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Takashi AOYAMA'! , Ryoji TAKAKI! , Toshiyuki IWAMIYA!

Abstract

A study of the aerodynamic design for the reduction of sonic-boom is conducted by a numerical optimization
method. The design method combines a 3-dimensional Euler CFD code with a least-square optimization technique.
The fuselage geometry of an aircraft is modified by the method in order to minimize the pressure discrepancy between
a target low-boom pressure signature and a calculated near-field pressure signature. The results of the study indicate
that the aircraft configuration designed by the method can generate the low-boom pressure signature.
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STUDY ON TRANSONIC FLUTTER CHARACTERISTICS
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Abstract

Transonic fiutter characteristics of a typical arrow wing configuration of a supersonic
transport have been studied by using the Full Potential Code (USTF3) in addition to the
usual DLM (Doublet Lattice Method) code as the unsteady aerodynamic tools.
According to the analyses using the DLM code, the symmaetric mode flutter (for full fuel
condition) of the stiffness designed model is always more critical than the anti-symmetric
mode flutter for Mach numbers up to 0.95, while the analyses by using the USTF3 say
that the anti-symmetric mode flutter becomes more critical than the symmetric mode
flutter for Mach numbers greater than 0.90 taking the minimum flutter velocity around
Mach one due to the transonic dip phenomenon. ltalso has been shown that the
symmetric mode flutter does not show the transonic-dip phenomenon in contrast to the

anti-symmetric mode flutter.

1. Introduction

The transonic flutter characteristics play the
critical role in the structural design of a
Supersonic  Transport (SST) arrow wing

conﬁguration”. For example, the design studies

performed by Turner and Grande? of the early
Boeing SST Model 969-512B disclosed that the
strength designed configuration does not meet
the flutter requirement and it was found that the
unrealistically high mass penalty was expected to
achieve the flutter clearance (1.2VD = 259 m/s
EAS at M=0.90), which was initially set. The
possible existence of transonic dip phenomenon
of a SST arrow wing configuration has also been
shown experimentally by Durham et al.3) for the
NASA Langley Supersonic Technology Series
(ATS-200) design. Therefore, it is quite
important to identify the behavior of the transonic
flutter boundary of a SST arrow wing
configuration.

Inthis paper, apreliminarydesign study hasbeen
performed of transonic flutter characteristics of a
SST arrow wing whose configuration is similar to
that of Boeing 969-512B model. In this study,

the Unsteady Full Potential Code (USTF3)4) is
employed as an aerodynamic tool in addition to

the usual Doublet Lattice Method (DLM )2) code.

2. Strength and Vibration Analyses

In Fig. 1, the plan form of the arrowwing used for
the present study is shown. The length of the
root chord is 50.4 m and the semispan length is
18.9 m. The leading edge sweep angle of inner
and outer wings is 74 degrees and 60 degrees,
respectively. The full span wing areais about 830

m? and the aspect ratio is 1.61. The airfoil

section is 3 percent thick circular-arc. The engine
mass is assumed to be 6,500 Kg for each of the
four engines. The engines are expressed by the
concentrated masses atthe locations indicated in
Fig. 1. For the full fuel condition, which is the
most critical for flutter, 200,000 Kg of the fuel
massis assumed. The maximum gross take-off
mass is assumed to be 374,000 Kg. Therefore
the zero fuel massbecomes 174,000 Kag.

The hatched partof the plan form shown in Fig. 1
indicates the wing box location. The structural
materialused is the Graphite/PEEK (APC2). The
laminate construction of the composite materialis
assumed to be quasi-isotropic, and the thickness
of the upper and lower skin panels is assumed to
be linearly tapered from the root to the tip
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