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EFFECT OF COMPRESSION SURFACE DEFORMATION ON AERODYNAMIC
PERFORMANCES OF WAVERIDERS V
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Abstract A waverider is a type of hypersonic lifting body that has the entire bow shock underneath the body as well
as attached to the leading edge when flying at its design Mach number. Present research for improving the aerodynam
performance of waveriders mainly focused on searching an optimal profile of the leading edge on the condition of given a
specific generating flow field. In order to further extend the design space of waveriders, a novel design method that is base
on a local shape deformation technique is presented in this paper. Moreover, an inviscid analysis-based optimization stud
was carried out to research thieet of compression surface deformation on aerodynamic performances of waveriders by
integrating the increment-based parameterization method, the computational fluid dynamic analysis, dfeteéhgadi
evolution algorithm. Afterwards, six selected waverider configurations were polished to blunt leading edges, and then theit
aerodynamic performances were evaluated by solving the Navier-Stokes equations. The results show thalt Hoth the
and the relative pressure centerméent of the waveriders produce significant changes with the variation of compression
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surface shape. Among all waveriders, the maximdédence of thé /D is more than double. Even by considering the lift
constraint, the increment of the/D is more than 14 percent in comparison with the baseline configuration. In addition,
the value of relative migration of the relative pressure centeffictents is remarkable.

Key words waverider, aerodynamic shape optimization, increment-based parameterization mefbiehtdil evolution

algorithm, computational fluid dynamics
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Table 1 Boundary values of design space

Variable Lower bound Upper bound
Hmax/'m -01 0.1
P 0.2 0.9
Py 0.1 0.4
P3 0.5 0.8
a/(°) 0.1 6.0
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Table 2 Values of design variables and aerodynamic parameters

of the two configurations

Configuration A Configuration B

Himax/m 0.1 -0.1
Py 0.2 0.9
P, 0.4 0.2507
Ps 0.8 0.6851
o] 0.01257 0.08625
Cd 0.00201 0.05058
L/D 6.25 1.71
Xep 0.43 0.90
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Fig. 10 Geometries of typical waverider configurations
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Table 3 Comparison of aerodynamic parameters basediemedit numerical models for typical waveriders

Configuration a/(°) Euler N-S
C Cq L/D C Cq L/D Xep
Cco 2.00 0.06235 0.00959 6.55 0.0608 0.0146 4.17 0.632
C1 0.19 0.06911 0.02411 2.87 0.0679 0.0290 2.34 0.822
Cc2 0.10 0.06073 0.01555 3.91 0.0593 0.0206 2.88 0.760
C3 1.64 0.07328 0.01499 4.89 0.0724 0.0203 3.57 0.692
c4 5.56 0.096 93 0.01646 5.89 0.0985 0.0222 4.43 0.573
C5 4.15 0.07760 0.01131 6.86 0.0784 0.0168 4.67 0.583
C6 3.69 0.06419 0.00817 7.86 0.0648 0.0136 4,78 0.577
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