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研究目的 

 Key design parameters concerned with lateral stability and lift-to-drag ratio 
introduced to the waverider design process: the dihedral angle, the sweep 
angle 

 The influence evaluations of dihedral and sweep angle on the lateral stability 
and lift-to-drag ratio of waverider. 
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创新要点 
1、Another way to reach osculating cone waverider based on planform leading 
edge profile curve 

       This study uses the osculating cone waverider design method defined by the leading-edge 
planform profile, as illustrated in Fig. 2. The leading-edge planform curve is used to find the 
leading edge. The 3D leading edge in the shock wave is the vertical projection of the leading-edge 
planform curve. As shown in Fig. 4, a streamline starting from the leading-edge point is solved in 
the osculating plane. The leading-edge point Ple is also the intersection point of the local shock 
wave trace and the leading-edge planform curve (LEPC) on each osculating plane. The coordinate of 
point S in the shock profile curve is given in the osculating cone waverider method. The 
coordinate of point O, known as the cone vertex, depends on the geo-metrical relationships shown 
in Fig. 4.  

Fig. 4. 3D geometrical relationships for locating the 
leading-edge point on each osculating plane 
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创新要点 
2、Design methodology of osculating cone waverider with adjustable sweep and 
dihedral angles 

As shown in Figs. 6 and 7, the geometries of design examples with different sweep angles or dihedral angles are 
generated. As presented in Fig. 6, two different sweep angle combination schemes are used in different waveriders with 
given length and width. As Fig. 6 denotes, the two waveriders have the same dihedral angle. Furthermore, the dihedral 
angle can be adjusted without changing the sweep angle. As depicted in Fig. 7, positive and negative dihedral angles are 
respectively assigned to two different waveriders. Meanwhile, they have the same planform contour and the same sweep 
angle distribution along the spanwise direction. 

Fig. 6  Waveriders with different sweep angles (Λ) and 
the same dihedral angle (Γ) 

JZ
USA



Zhejiang University, China 

创新要点 

As shown in Fig. 8, two constant sweep angles (Λ1 and Λ2) are applied to the waverider planform leading edge. The 
constraint of sweep angles between the aspect ratio is presented in Eq. (8). As shown in Fig. 9 , the dihedral angle Γ can be 
adjusted by the shock profile curve  function based on its undetermined coefficient A as shown in Eq. (11) . 

Fig. 8  Waverider planform geometric characteristics curves 
(right half) 

 

Fig. 9  Waverider geometric characteristics curves on base plane 
(right half) 

 

( ) ( )1 2 1 2min tan , tan tan max tan , tan .Λ Λ Λ Λ Λ< < (8) 

W s
1

3 3

s s

tan tan
2= .

2 2

WL HhA
W WL L

β Γ− +
=

   − −   
   

(11) JZ
USA



Zhejiang University, China 

重要结果 
1、The validation of design methodology of osculating cone waverider with 
adjustable sweep and dihedral angles. 

Fig. 12  Shape views and geometrical parameters of 
Case 2 (half model) 
(a) Planform view; (b) Rear view 

 

• The verification cases. 
The planform and rear view of Cases 1–3 are illustrated in 

Figs. 11–13, respectively. As shown in Figs. 11a and 11b, the 
leading-edge sweep angles of Case 1 are Λ1=75° and 
Λ2=65°, and the dihedral angle (Γ) of Case 1 is set as −7° 
which is also defined as the positive anhedral angle. 

• The validation of design methodology by numerical 
simulation. 
As illustrated in Fig. 14, the predicted shock wave 

location obtained by the numerical method matches well with 
the designed shock wave profile curve denoted as the dashed 
curve.  
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重要结果 
1、The influence evaluations of dihedral and sweep angle on the lateral stability 
and lift-to-drag ratio of waverider. 

JZ
USA



Zhejiang University, China 

结论 
 Regarding the maximum lift-to-drag ratio： 
• The sweep angle plays a role on the lift-to-drag ratio only at subsonic and 

trans/supersonic speeds as a negligible effect is observed at hypersonic 
speeds, whereas the dihedral angle is seem to produce a relevant difference 
at hypersonic speeds.  

• The effect of sweep angle on maximum lift-to-drag ratio is contradictory at 
subsonic and trans/supersonic speeds. At the subsonic speed flight stage, 
the parameter Λ1 produces higher efficiency at smaller angles. For 
waverider design,  

 Regarding the lateral static stability of a waverider: 
• The dihedral angle is more important to the lateral stability of a waverider 

than the sweep angle.  
• The results show that the dihedral angle is beneficial for lateral stability. JZ
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