
OBLIQUE SHOCKS  
 

In this lesson, we will:  
 

• Define Oblique Shocks and compare to normal shocks 
• Discuss The θ-β-Ma Relationship and provide some qualitative comments about it  
• Do two example problems 
 
Definition and Geometry of an Oblique Shock 
 

An oblique shock is a shock aligned at some angle other than 90o to the direction of flow.  
 
 
 
 
 
 
 
 
 
 
Below are some color schlieren images of oblique shocks. 
 

      
 

      
 

Figures from Çengel and Cimbala, Ed. 4. 
 
  



The sketch below shows the geometry of a typical oblique shock. 
 

 
 

Figure from Çengel and Cimbala, Ed. 4. 
 
  
 
 
 
 
 
 

 
 

Figure from Çengel and Cimbala, Ed. 4. 
 

  

This should be beta, 
not theta



The Theta-Beta-Mach Number Equation and Plot 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The θ–β–Ma equation for oblique shocks:  
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Figure from Çengel and Cimbala, Ed. 4. 

 

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CFD Example – 2-D wedge of various half angles (CFD by J. M. Cimbala): 
 

 
Figure from Çengel and Cimbala, Ed. 4. 

Oblique shock formed by supersonic flow impinging on three two-dimensional wedges with 
different wedge angles: θ = (a) 10°, (b) 20°, and (c) 30°. Upstream Mach number = 2.00. 
Contours of Mach number are shown, ranging from 0.2 (dark blue) to 2.0 (dark red). 
 
  



Example: Steady 2-D Oblique Shock  
Given: Air flowing at supersonic speed encounters an oblique 
shock. Here are some values: 
• Upstream: P1 = 101.325 kPa, T1 = 288.0 K, Ma1 = 3.00 
• β = 50o (oblique shock angle) 
 

To do: Calculate turning angle θ, Ma1,n, air properties P2 and 
T2, and Mach number Ma2.  
 

Assumptions and Approximations: Steady, ideal gas. 
 

Solution:  
We apply the θ–β–Ma equation for oblique shocks, where we have solved for θ :  
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Example: Steady 2-D Supersonic Flow Over a Wedge  
Given: Air flowing at supersonic speed strikes a 
two-dimensional wedge. Here are some values: 
• Upstream: P1 = 101.325 kPa, T1 = 288.0 K, 

Ma1 = 3.00 
• δ = 20o (wedge half angle) 
 

To do: Calculate shock angle β, air properties 
P2 and T2, and Mach number Ma2.  
 

Assumptions and Approximations: Steady, 
ideal gas, adiabatic, ignore boundary layer 
effects along the walls. 
 

Solution:  
 

We apply the θ–β–Ma equation for oblique shocks:  
 

( )
( )

2 2
1

2
1

2cot Ma sin 1
tan

Ma cos 2 2k
β β

θ
β

−
=

+ +  
 

 
 
 
 

 

δ 
β 




