
ME 420   Professor John M. Cimbala Lecture 18    
 

Today, we will:  
 

• Review the equations across a normal shock 
• Derive and discuss the Hugoniot equation and the Hugoniot curve 
• Discuss some qualitative examples of the occurrence of normal shocks 
  

 
Summary of Equations Across a Stationary Normal Shock for an Ideal Gas: 
Consider a normal shock in an ideal gas. We combined conservation of mass, conservation of 
energy, and the linear momentum equation, along with some algebraic manipulation to get 
the following: 
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See other equations on the Equation Sheet for property changes across a normal shock. 
 
 
Summary of changes across a stationary normal shock: Know these qualitatively. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

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
*  

  
 



 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
 



  
 
 
 
 
  



Examples of normal shocks: 
 
1) In a converging-diverging nozzle: 
 

 
Schlieren image, shock in C-D nozzle. Photo by G. S. Settles. 

 

(a) 

 
  

(b) 

 
 

Color schlieren images in the ME 325 compressible flow rig: (a) back pressure such 
that a shock wave is observed just downstream of the throat, and (b) lower back 
pressure such that the shock wave is much farther downstream and Mach lines are 
observed in the isentropic flow region upstream of the shock structures.   

  



2) In a shock tube: 
 
 
 
 
 
 
  



Example photographs of shock tubes: 
 

 
Shock tube. 

 

 
Shock tube. 

 
  



3) In front of a blunt object moving supersonically: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  
 

 
  




