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Abstract. Aeronautical studies are being focused more towards supersonic flights and methods 

to attain a better and safer flight with highest possible performance. Aerodynamic analysis is 

part of the whole procedure, which includes focusing on airfoil shapes which will permit 

sustained flight of aircraft at these speeds. Airfoil shapes differ based on the applications, hence 

the airfoil shapes considered for supersonic speeds are different from the ones considered for 

Subsonic. The present work is based on the effects of change in physical parameter for the 

Double wedge airfoil. Mach number range taken is for transonic and supersonic. Physical 

parameters considered for the Double wedge case with wedge angle (ranging from 5 degree to 

15 degree. 

Available Computational tools are utilized for analysis. Double wedge airfoil is analysed at 

different Angles of attack (AOA) based on the wedge angle. Analysis is carried out using fluent 

at standard conditions with specific heat ratio taken as 1.4. Manual calculations for oblique shock 

properties are calculated with the help of Microsoft excel. MATLAB is used to form a code for 

obtaining shock angle with Mach number and wedge angle at the given parameters. Results 

obtained from manual calculations and fluent analysis are cross checked. 

 

1. Introduction 

Double wedge airfoils (DWA) are very rarely used in physical applications because of its complex 

geometrical parameter variations. DWA have different types of shocks at higher speeds which make 

studies interesting to analyse the flow parameters along the body. Supersonic flow over different 

contours is a leading study in today’s aeronautical field. Since any disturbance (either physical or shock 

related) takes up great deal of importance in supersonic flow, it becomes a necessity to analyse flow 

over different contours to get higher and efficient performance. Detailed analysis of change in flow 

properties over airfoils is done with the aid of CAD Modelling and Fluent for analysis.  

Supersonic characteristics for a Double wedge airfoil are associated with shocks and expansion 

waves. This results in increase in Drag. Manual and Fluent analyses over Double wedge airfoil was done 

to minimize this drag. Oblique shock and expansion waves for Double wedge airfoil were manually 

calculated for different wedge angles and the same was carried using ANSYS Fluent software. This was 
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done at 0, 5, 10, 15degree angle of attack (AOA) for a 5deg half wedge angle. Also another model with 

10 degree half wedge angle was analysed at 0 degree AOA. 

 Using coding software MAT lab shock angles for corresponding Mach number and Wedge angle 

is found. These angles are used for further calculation of flow properties after oblique shock and 

expansion wave are found. Modelling of Double wedge airfoil was carried out using CAD Software. 

Analysis was carried out in Fluent Software, Standard Flow conditions was used with change in Mach 

number and wedge AOA. Pressure coefficient, drag Coefficient and other important plots are considered 

for the study. Conclusions based on these plots were made. 

Oblique shock and expansion waves theory was studied [1] and the implementation of shock 

and expansion waves over Double wedge airfoil was carried further. Manual calculations for oblique 

shock properties and expansion wave are formulated in Excel. Lift and drag are analyzed numerically  

by solving Navier stokes equations for variable density flow field  on  double wedged aerofoil by varying 

the angle of attack and thickness to chord ratio [2]. 

 

2. Modeling of double wedged airfoils 

Modeling is carried out using CAD modeling software. Model varies in physical dimensions, the 

chosen value for half wedge angle is 5 degree and 10 degree at 0o, 5o , 10o and 15o AOA. Model 

Specifications: Domain Size 22 x 10 m (For 5o half angle model) Faces: 4, Boundary Conditions: Wedge 

surface = Wall, Walls of Domain: Pressure far field. 

Second model specifications: Domain Size 22 x 10 m. (For 10o half angle model) Boundary 

Conditions: Wedge surface = Wall, Walls of Domain: Pressure far field Meshed model files was 

imported to FLUENT. Two equation model used for turbulence are K-epsilon model amongst viscous 

models [4]. Epsilon model is recommended for flows with separation, recirculation and whose scales 

are smaller than cell size. Two extra transport equations have been used for simulating the turbulent 

properties of the flow which allow two equation model to account for history effects like convection and 

diffusion of turbulent energy. 

 
 

 

 

 

 

 

 

             Figure 1a.  5o half angled aero foil                     Figure 1b. 10o half angled aero foil 

 

3. Results and analysis 

TheMeshed Model is imported in fluent software for analysis. Analysis is carried out for Mach 

number range of 1.2-1.8 at 0o and 5o AOA. Solver used is Density based with K-epsilon viscous model. 

Operating conditions are set to 0. Iterations are carried out until convergence of Standard Equations. 

Changes in Mach number was made and plots were analyzed. Changes in AOA and half wedge angle 

was made. 

       Further changes in the Angle of attack were made in fluent to 5, 10, 15 degree angle of attack 

and similar analysis was carried out at different Mach number. It was observed that as half wedge angle 

equals the AOA, No shock was visible at the leading edge. This mainly due to the fact that the upper 

first half of the plane becomes parallel to free stream direction. Hence no flow tends to turn into itself. 

AOA was further increased to 10 degree and 15 degree. When the AOA is increased to value 

higher than half wedge angle, An Expansion wave is seen at top leading edge as show in Figure 7. For 

the same Mach number but different AOA it was observed that the expansion wave on top and the shock 

wave at lower surface got stronger as shown in Figure 8 and Figure 9. This was concluded based on 

velocity contours and oblique shock relations. 
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3.1 Important plots with respect to change in angle of attack 

Properties Such as dynamic pressure, Mach number, Temperature and turbulence over the surface are 

compared for study. Cl, Cd Lift and Drag Vs Mach number was tabulated manually and plotted using 

post processing software. 

3.2 Change in wedge angle 

CAD Model made in modeling software to 10o half wedge angle (deflection angle) was read in fluent. 

Analysis at 0o AOA was carried out with Mach number ranging from 1.2 to 3.5. Contours and plots 

were studied. 

 

Figure 2. Velocity Contour on 5o half wedge 

angle, 0o AOA at Mach 1.2 

 

 
Figure 3. Detached shock wave (magnified 

image) on 5o half wedge angle 

Figure 4. Mach 1.6velocity contour over 5o half 

wedge angle 
Figure 5. Mach 1.6 attached Shock  

(magnified image) 

Figure 6a. Velocity contours at 0o AOA 

respectively with 5o half wedge angle at Mach 2 

freestream velocity. 

Figure 6b. Velocity contours at 5o AOA 

respectively with 5o half wedge angle at Mach 2 

freestream velocity. 



4

1234567890

Frontiers in Automobile and Mechanical Engineering  IOP Publishing

IOP Conf. Series: Materials Science and Engineering 197 (2017) 012076 doi:10.1088/1757-899X/197/1/012076

 
 
 
 
 
 

Figure 7. Expansion wave observed at top 

Leading edge when the AOA exceeds the half 

wedge angle. 

 

Figure 8.Velocity contours at Mach 3, AOA at 

10o Angle of attack  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.Velocity contours at Mach 3, AOA at 15o. 

 

Figure 10. Coefficient of lift at different AOA 

with respect to Mach number. 

 

Figure 11. Coefficient of drag at different AOA 

with respect to Mach number. 
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Figure 12a. Velocity contours at Mach 3.5 with 

5o Half wedge angle 

 

Figure 12b. Velocity contours at Mach 3.5 with 

10o Half wedge angle 

 

 
Figure 13. Coefficient of pressure Vs length(m) 

of aerofoil 

 
Figure 14. Mach number over surface Vs 

Length of the airfoil (m). 
 

4. Conclusions 
The use of sections to divide the text of the paper is optional and left as a decision for the author. Where 

the author wishes to divide the paper into sections the formatting shown in table 2 should be used. 

4.1 Double Wedge Airfoil 

4.1.1 At 0 degree AOA Manual calculations agrees well with fluent results. The de-attached shock for 

shock angle above 90o is clearly seen in fluent. Pressure Coefficient is seen to decrease with increase in 

Mach number after shock. Peak Mach number and turbulent kinetic energy above surface is seen to 

increase with inlet Mach number. Total temperature gradually decreases along wedge. It is higher at 

higher inlet Mach. 

 

4.1.2 At different AOA   No shock observed when half wedge angle equals AOA. An Expansion wave 

is seen at top leading edge at AOA>half wedge angle. The strength of Expansion wave and Shock wave 

at top and bottom leading edge increases with AOA provided AOA exceeds the half wedge angle. 

4.2 For AOA half wedge angle 

As the AOA increases, Patterns of plots remain same but the Pressure coefficient at the top surface 

increases and at bottom surface decreases. The same pattern is observed in case of Mach number, 

Dynamic pressure and turbulent kinetic energy plots. 

Cl and Cd (Coefficient of Lift and Drag) seen to decrease with increase in M and decrease in AOA. 

Lift and Drag increase with increase in M and AOA. 
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Table 1: All calculations are tabulated in an Excel sheet as shown below and the Oblique shock 

pattern study is carried out. 

 

4.3 Change in Wedge angle 

For same Mach number Increase in half wedge angle increases the strength of shock and expansion 

waves at 0o AOA. Cp increases in the first half region and decreases in second half region of wedge with 

increase in wedge angle. Pattern remains similar with respect to Dynamic pressure plots. Mach plots 

shifts down with increase in wedge angle representing a decrease in value. 

Turbulent kinetic energy increases with increase in wedge angle. 
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