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Aerodynamic modification design and analysis of waverider

with controllable leading and trailing edges
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2. College of Energy and Power Engineering,Nanjing University of Aeronautics and Astronautics ,Nanjing 210016, China )

Abstract ; Based on the supersonic aerodynamic principle combined with the streamline tracing and
geometric reconstruction technique, a design method of waverider with controlled the leading and trailing
edge was developed in this paper. Under the conditions that the horizontal projection of leading edge is
hyper elliptical and the trailing edge is circular, the aerodynamic modification waverider was designed by
using this method. Numerical simulation results at design point (Ma =6.0) and relay point (Ma =4.0)
indicate that the surface of aerodynamic modification waverider is of smooth transition while the leading
and tailing edge are specified simultaneously, except a very small high pressure area at both sides of the
exit. Therefore, it is able to maintain the wave structure and characteristics of original waverider. Com-
pared with the original waverider, the volume ratio, life force and pre-compression efficiency of aerody-

namic modification waverider are higher. In addition, the pitching moment is almost equal but the lift —
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drag ratio is decreased. Under the viscous condition, the lift-drag ratio decreases from 2.91 to 2. 53 at

design point and decreases from 2. 69 to 2.32 at relay point. The above results correspond to the design

expectation, and the design method is feasible.

Keywords ; waverider; aerodynamic modification; streamline tracing; geometric reconstruction; pro-

jection shape
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Fig.1 Structure of external conical basic flow field
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Fig.2 Mach number distribution of external conical

basic flow field
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Fig. 3 Relative location of horizontal projection of

leading edge in the basic flow field
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Fig. 6 Three-dimensional configuration of aerodynamic

modification waverider
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Fig.7 Mach number distribution of waverider symmetry plane and exit at inviscid design point
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Fig. 8 Mach number distribution of cross sections along the flow direction at inviscid design point
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Tab.1 General performance parameters of waveriders at design point

Model Condition C, Cy, c, L/D Cy T, P/ Po Ma,

Waverider-F 0.18 0.052 0.052 3.46 0. 040 0.776 7.2 4.07
Inviscid

Waverider-M 0.22 0.076 0.076 2.90 0. 040 0.774 10.5 3.84

Waverider-F 0.16 0. 046 0. 055 2.91 0. 036 0.728 7.1 4. 04
Viscous

Waverider-M 0.21 0.074 0.083 2.53 0.035 0.716 10. 1 3.94
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Fig. 13 Mach number distribution of symmetry plane and exit at viscous relay point

B14 25 T R #2753 v R A 1
I B oy A, B B i — 25 B 1, Waverider-F Fll
Waverider-M R B ATEOR AT LASE 4= Tk, ixX ik
IR TS RO R 4 DL, S5 0 8 8

(a) Waverider—F

BET 2%, 1 AR Ll . 5348, Waverider-F il
Waverider-M A £ 11 (14 380 % T2 R AH [5] H. ¥ 4 [\ 0
B3

- Mach Number

3.65

|

Ma4_Viscous
(b) Waverider-M

B 14 HREOSHEFEREEEESEENIHESH

Fig. 14 Mach number distribution of cross sections along the flow direction at viscous relay point
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R IR P PR R, B NG T LU AR R R T 2 — 2,
SRR Z B IL 0.92, BeAh, 3 A AT s
B, A %} Waverider-F, Waverider-M 1) 25 f, #2 #v —
B, HOR ) St th 1 S 80 AR BE BN, SRR
HREAUTRET 0.4% . SUKINE, ZFH1EH T8
WS T8 = B PERE

R2 AMENREFRENSEEESH

Tab.2 General performance parameters of waveriders at viscous relay point

Model C, CDp Cy L/D Cy [ P./Po Ma,
Waverider-F 0.18 0. 061 0. 067 2.69 0. 042 0.926 3.5 3.05
Waverider-M 0.22 0. 088 0. 095 2.32 0. 041 0.922 4.7 2.92
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