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Abstract The variable Mach number waverider (VMW) is considered to perform well in the wide-speed range during
hypersonic stage. However, when scholars compared it with the traditional fixed Mach number waverider (FMW), the
constraints of identical planform shape and equal volume were not imposed. Accordingly, the previously illustrated
advantages in wide-speed performance were not persuasive. In this paper, the VMW configurations were generated using
the planform-customized waverider design method by giving leading-edge profiles. Meanwhile, the FMW configurations
with identical planform shapes and equal volumes were also generated, and hence to explore whether the performance
advantages of VMW in hypersonic wide-speed range existed. Computational fluid dynamic techniques were employed to
analyze flow fields, providing preliminary explanations for the performances. Results showed that compared with the
FMW with identical planform shape and equal volume, there were no superior advantages for the lift-to-drag ratios of the
VMW in hypersonic wide-speed range. Moreover, the variable Mach number flow fields employed as basis flow fields
and therefore the corresponding change of waverider surfaces hardly influenced longitudinal stability when the planform
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shape was fixed. We guess that the traditional waveriders using fixed Mach number flow fields themselves have

satisfactory wide-speed performances in hypersonic stage. Consequently, improvement of the wide-speed performance

for waveriders ought to focus on the subsonic, transonic and supersonic stages which dramatically deviate the on-design

state, rather than hypersonic stage.

Key words waverider, variable Mach number, customized planform, equal volume, wide-speed
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Table 6 Comparisons of L/D with equal-volume waveriders,

a=2°
Ma Mgcos My9.67 AL/D
5 2.9492 2.9597 —0.35%
7.5 3.1575 3.1437 0.44%
10 3.2123 3.2002 0.38%
Ma Mgsin M,5.69 AL/D
5 3.5301 3.6809 —4.10%
7.5 3.7982 3.9305 -3.37%
10 3.8911 3.9810 —2.26%
Without base drag
Ma Mgcos My9.67 AL/D
5 3.6816 3.6951 —0.37%
7.5 3.5431 3.5168 0.75%
10 3.4265 3.4082 0.54%
Ma Msin M,5.69 AL/D
5 4.5520 4.8296 —5.75%
7.5 4.3479 4.5337 —4.10%
10 42047 43096 —2.43%
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Table 7 Relative differences of A.C location between Mgysin
and M45.69 configurations

Ma
a/(°)
5 7.5 10

-2 1.1910% 1.4725% 1.796 9%
0 1.2001% 1.5794% 1.7357%
2 1.2223% 1.5285% 1.8424%
4 1.1073% 1.4159% 1.576 1%
6 1.0775% 1.2848% 1.3965%
8 1.0925% 1.1521% 1.1958%
10 1.1234% 1.068 8% 1.0905%
12 1.108 0% 1.0104% 0.998 7%
14 0.5354% 1.0545% 0.9105%
16 -0.0369% 1.0381% 1.0444%
18 -0.3109% 0.4431% 0.8588%
20 -0.2743% —0.1135% 0.186 7%
= 8 Mycos 5 My9.67 IMNESENE R A BB RE

Table 8 Relative differences of A.C location between Mycos
and M¢9.67 configurations

Ma
o/(°)
7.5 10
-2 —0.467 6% —0.6114% —0.6975%
0 —0.5181% —0.6198% —0.6856%
2 —0.3844% —0.6128% —0.6850%
4 —0.6762% —0.5990% —0.6371%
6 —0.5510% —0.5813% —0.6105%
8 —0.5614% —0.4642% —0.5935%
10 —0.5716% —0.6542% —0.5587%
12 —0.2625% —0.5570% —0.5558%
14 0.048 1% —0.6405% —0.5609%
16 0.1533% —0.0987% —0.4612%
18 0.0918% 0.0664% —0.0597%
20 —0.027 6% 0.2361% 0.1428%
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