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Meng Xufei BaiPeng  Liu Chuanzhen ?
(China Academy of Aerospace Aerodynamics, Beijing 100074, China)

Abstract The traditional waverider design method has a single design state, and the the acrodynamic performance ad-
vantage of high lift-drag ratio is difficult to maintain when the waverider deviates from the design point state, which
limits the application of the waverider in wide-speed aerodynamic configuration design. In this paper, based on the
waverider design theory of the osculating-cone treatment, by employing the conical flows with differ-ent Mach numbers
in different osculating planes, the planform-customized waverider design from variable Mach num-ber flows is proposed
based on the geometric design relations in the osculating-cone method, and the double swept waveriders with different
spanwise Mach number distribution were generated ,which shared the same customized leading edge curve.

Computational fluid dynamics techniques were employed to analyze the shock wave structure of flow field, acrodynamic
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forces and longitudinal stability of the waveriders. Compared with conventional waveriders using fixed conical flows, the
wide-speed performances of this kind of planform-customized waverider were explored in hypersonic stage. Results
showed that the planform-customized waverider design from variable Mach number flows is feasible, enlarging design
space efficiently. In the wide-speed range of hypersonic stage, the waverider from varia-ble Mach number flow featured
balanced lift-to-drag (L/D) ratio and volume efficiency. However, when the planform shapes were identical, the
difference of aerodynamic centers between the variable-Mach-number waveriders and fixed-Mach-number waveriders
was significantly slight, indicating that the variable Mach number flows as basis flows had nearly no effect on
longitudinal stability. Meanwhile, compared with the fixed-Mach-number waveriders with equal volume and identical

planform shape, the wide-speed L/D ratio of the variable-Mach-number waveriders were not su-perior in hypersonic

stage.

Key words waverider, variable Mach number, customized planform, conical flow, wide-speed
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Fig.2 Double swept waveriders with wing dihedral based on different
Mach number distributions
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Table 1 Design parameters of waveriders from variable-Mach-
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Ma5 5 5 0.1414
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Table 2 Lift and drag results of different grid

Grid Co Cp L/D
coarse 0.2654 0.1035 2.5627
medium 0.2700 0.1075 2.5118
refined 02723 0.1078 2.5257
Grid ACL ACp
coarse —2.53% -3.94%
medium —0.83% -0.28%
refined — —
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Table 3 Moments results of different grid

Grid Cx Cn Cmz
coarse 0.04611 0.28109 0.19233
medium 0.04901 0.28644 0.19532
refined 0.04883 0.28871 0.19649

Grid ACA ACN ACnmz
coarse =5.57% —2.64% —2.12%
medium 0.35% —0.79% —0.60%
refined — — —
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Fig. 4 Lift-drag characteristics variation via Mach number at o = 0°
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Table 4 Comparisons of L/D with equal-volume waveriders

(a=0°)
With base drag
Ma Ma5-10 Ma5.50 A
5 3.0148 3.0380 -0.76%
7.5 3.3927 3.3977 —0.15%
10 3.628 9 3.636 9 —0.22%
Ma Mal0-5 Ma9.25 A
5 2.648 5 2.652 4 —0.14%
7.5 29326 2.944 9 —0.42%
10 3.089 5 3.103 8 —0.46%
Without base drag

Ma Ma5-10 Ma5.50 A

5 42617 44229 -3.64%
7.5 4.145 1 42269 -1.93%
10 4.1254 4.1852 -1.43%
Ma Mal0-5 Ma9.25 A

5 3.5880 3.569 7 0.51%
7.5 3.462 4 3.4655 —0.09%
10 34228 3.4322 -0.27%
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Table 5 Comparisons of L/D with equal-volume waveriders Table 6 Relative differences of A.C location between
P q!
(a=2°) Ma5-10 and Ma5.50 configurations
With base drag Ma
a/(°)
Ma Ma5-10 Ma5.50 4 5 7.5 10
5 33394 34685 3 72% -2 0.966 9% 1.316 6% 1.601 5%
75 3.5906 37025 —3.02% 0 0.978 9% 1.318 4% 1.549 5%
10 37184 38242 —277% 2 0.976 1% 1.314 5% 1.502 2%
4 0.899 2% 1.248 7% 1.328 0%
Ma Mal0-5 Ma9.25 4
6 0.752 1% 1.109 5% 1.199 6%
5 2.8022 2.7804 0.78%
8 0.565 3% 0.890 8% 1.038 1%
7.5 2.9863 2.9722 0.47%
10 0.343 4% 0.688 4% 0.806 4%
10 3.0706 3.0593 0.37%
12 0.113 6% 0.451 0% 0.579 1%
Without base drag 14 ~0.168 5% 0.2322% 0.354 3%
Ma Mas5-10 Mas5.50 4 16 -0.239 0% 0.036 5% 0.085 5%
5 43067 4.5628 —5.61% 18 —0.099 4% —0.224 6% —0.023 0%
7.5 4.1369 43173 —4.18% 20 0.024 6% —0.312 4% —0.237 5%
10 4.0623 42107 -3.52%
e Mal0s 925 , &7 Mal0-5 5 Ma9.25 SMESshE R AL E BN RE
Table 7 Relative differences of A.C location between
5 3.543 1 3.4979 1.29% .
Mal10-5 and Ma9.25 configurations
7.5 3.3815 3.3572 0.72%
Ma
al(®)
10 33112 3.2943 0.51% 5 75 10
w > S NI N -2 —0.534 2% —0.711 4% —0.768 0%
75 I i A5 aFe e AA N i) A R 1T 4 AT, DAk o) S A
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TEYN ) A PR 7 1, 53 0 LU MaS-10 4R JE A 8 ~0.267 6% ~0.428 7% ~0.475 5%
Ma5.50 SMELL K Ma10-5 4MEF Ma9.25 SB35 10 ~0.143 7% ~0.336 4% ~0.390 2%
S BIAT B o5 - Z AN IL gk
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. = . . o, 14 0.015 1% —0.117 2% —0.176 8%
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N , IR S e 16 0.003 3% 0.080 3% 0.045 0%
H Mal0-5 S IE I 8) B AL E AR T Ma9.25 S E
18 —0.032 8% 0.082 4% 0.153 0%
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