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Prandtl-Meyer Expansion wave

When a supersonic flow is turned away from itself, an 
expansion wave is formed as shown in Fig. 1. 
This is directly opposite to the situation when the flow is 
turned into itself, with the consequent shock wave as 
shown in Fig. 2. 
Expansion waves are the opposites of shock waves.

Fig. 1 Prandtl-Meyer Expansion wave

Fig. 2 Oblique shock wave

Some qualitative aspects of expansion waves:

1.  M2 > M1 
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2.

The Mach number increases while pressure, density, and 
temperature decrease through an expansion wave.
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Prandtl-Meyer Expansion wave

3. The expansion fan is a continuous    expansion region; 
Composed of an infinite number of Mach waves.

        Forward Mach line :

        Rearward Mach line : 

4.  Streamlines through an expansion wave are smooth 
curved lines.

5. since the expansion takes place through a continuous succession of Mach waves, and 
ds = 0 for each Mach wave, the expansion is isentropic.

Fig. 1 Prandtl-Meyer Expansion wave
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Prandtl-Meyer Expansion wave

Source: Journal of Visualization 2015 (18)

Front of the subsonic airplane is rounded while in 
supersonic aircraft, it is sharp and pointed to avoid 
detached shock wave development.
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Prandtl-Meyer Expansion wave
The problem of a Prandtl-Meyer expansion wave can be 
analyzed by considering the infinitesimal changes across a 
very weak wave (essentially a Mach wave) produced by an 
infinitesimal small flow deflection dθ as shown in Fig. 4.33. 

From the law of sines:
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Prandtl-Meyer Expansion wave
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The governing differential equation for Prandtl-Meyer expansion flow.
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Prandtl-Meyer Expansion wave

To analyze the entire Prandtl-Meyer expansion as shown 

in figure, the governing equation must be integrated over 

the complete angle, θ2 as 
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From the definition of Mach number;
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On differentiation
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Prandtl-Meyer Expansion wave

Differentiating the last equation Eq. (iii);
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Substituting the above expression in (ii);
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Now, equation (i) can be found as-

(iv)
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Prandtl-Meyer Expansion wave

The integral is called the Prandtl-Meyer function 
and is given by symbol ν

 −
+

−
=

M

dM

M

M

2

2

2

1
1

1




Performing the integration results:
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Finally it could be written as;
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The constant of integration is not important because it drops out while used 
in complete form of eq. (iii)

In case of horizontal inflow, θ1 = 0
)()( 1212 MM  −=−

Otherwise
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Prandtl-Meyer Expansion wave

The Prandtl-Meyer function is tabulated as a function of Mach number, M in Appendix-C for γ=1.4
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Prandtl-Meyer Expansion wave

The calculation of expansion wave is as follows:

1.           from Appendix-C for the given M1 

2. 

( )1M

( ) ( )122 MM  +=

3. M2 from Appendix-C

4. The expansion is isentropic                       are constant through the wave 
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