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Investigation on a Novel Waverider Design Method

Chen Lili, Guo Zheng, Deng Xiaolong, Hou Zhongxi, Wang Wenkai
(College of Aerospace Science and Engineering, National University of

Defense Technology, Changsha 410073, China)

Abstract: Osculating cone waverider is a very important design configuration of hypersonic vehicle. Designing
waverider with high lift-drag ratio and high volume efficiency is the goal of future waverider design. A new de-
sign method of osculating waverider is proposed. Based on the conical flow field, a new exit shock circle curve is
introduced on the basis of the upper surface outlet profile (FCC) and the lower surface shock outlet profile
(ICC). The volume and volumetric efficiency of the waverider can be changed by adjusting the radius of curva-
ture of the outlet shock wave. Four kinds of waveriders are designed., including the traditional osculating-cone
waverider, the shock radius-reduced waverider, the shock radius-lengthened waverider, the waverider with
straight line ICC. The CFD numerical simulation method is used to compare and analyze these waveriders de-
signed. The results show that under the inviscid condition, the waverider with low volume efficiency has a larger
lift-to-drag ratio; under viscous conditions, these four waveriders behave close lift-to-drag ratio property, but
the waverider newly designed in this paper has a larger volumetric efficiency and better engineering application
value.
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Fig. 1 Schematic illustration of novel waverider
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Fig. 3 Schematic illustration of conical streamlines
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Fig. 4 Waverider configurations by different design methods
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Table 1 Geometric parameters of different waveriders
RS E B A B/ L/m W/m V/m? t/m Syer/m? S,/m? Si,/m? 7
w1 12 9.409 3 6.0 7.858 5 0.903 3 62.584 1 30. 649 3 2.3195 0.128 9
w2 12 9.409 3 6.0 9.620 1 1.013 7 62.604 1 30.625 9 2.874 7 0.147 7
w3 12 9.409 3 6.0 6.759 8 0.7331 62.492 1 30.631 6 1.966 7 0.116 7
w4 12 9.405 7 6.0 11.468 8 0.923 8 72.688 0 35.432 6 3.130 2 0.143 5
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Fig. 6 Waverider geometry and computed grid
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Table 2 Grid independency analysis

FOA% LA PR R CL Cp L/D
HH PO A% 1855592  0.031 852 0.004 424 6  7.199
FRAEFIBERIA% 3 352 222 0.031 867 0.004 447 0 7.166
I ) 4% 5322252 0.031877 0.004 4559  7.154
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Table 3 Inviscid results of different computational methods

LRGBS Cy Cp L/D  Difference/ %
MAXWARP 0.031 72 0.002 257 14.060 —
CFL3D 0.031 68 0.002 315 13.680 —2.7
Fluent_structured 0.031 65 0.002 311 13.695 —2.6
Fluent_hybrid  0.031 65 0.002 313 13.684 —2.7
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Fig. 7 Pressure contour contrast between

results in this paper and results from reference[ 19]
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Table 5 Viscous results of different waveriders
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Fig. 8 Schematic diagram of the waverider computed grid
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Table 4 Inviscid results of different waveriders
Cases Cr Cp Cum K Xep
w1 0.032 74 0.002 552 —0.021 04 12.829 0.641
W2 0.042 59 0.004 083 —0.027 66 10.431 0. 650
w3 0.027 03 0.017 50 —0.017 20 15.446 0.634
w4 0.038 89 0.003 483 —0.023 93 11.166 0.616
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Cases Cr Cp Cwm K Xep
w1 0.033 49 0.005173 —0.02156 6.474 0. 643
w2 0.043 41 0.007 028 —0.028 25 6.177 0.648
W3 0.027 89 0.004 386 —0.017 78  6.359 0. 634
W4 0.039 36 0.006 157 —0.024 23 6.393 0.613
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