
ME 420   Professor John M. Cimbala Lecture 17    
 

Today, we will: 
 

• Do an alternate (more elegant) derivation of M2 across a normal shock 
• Introduce the Prandtl relation for flow across a normal shock 
• Generate equations for how other properties (P, T, P0, ρ, V, etc.) change across a normal 

shock (1 to 2) 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
  



 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
  



 
 
 
 
 
 
  



 
 
 
 
 
 
 



  
 
 
 
 
  



   
 
 
 
 
  



 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Summary of changes across a stationary normal shock wave (as in a supersonic wind 
tunnel) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  

 

Upstream 
conditions: 

M1 
T1  
P1  
P01  

 

V1  
s1  
a1  

…etc. 
 

Downstream 
conditions: 

M2 
T2  
P2  
P02  

 

V2  
S2  
a2  

…etc. 
 

Shock  
 

2 1 

Properties that increase 
across the shock: 
• P2 > P1  
• T2 > T1, thus: 
o a2 > a1  
o h2 > h1  

• ρ2 > ρ1  
• s2 > s1  
• A2

* > A1
*  

 

Properties that decrease 
across the shock: 
• M 2 < M 1  
• P02 < P01  
• ρ02 < ρ01  
• V2 < V1  

 

Properties that stay the same across the shock: 
• T02 = T01  
• h02 = h01  
• a2

* = a1
*  

  
 



Summary of Normal Shock Equations (1 = upstream, 2 = downstream of stationary shock): 
 
Equations and table from Cengel & Cimbala. 
Note the notation differences: C&C use k instead 
of γ  and Ma instead of M.  
 

 
 
  

←For air (γ = 1.40). 
 
Note: This table also 
available on the 
course website under 
the Links/Refs tab. 


