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Compressible Flow – Isentropic Flow; Stagnation and Sonic Conditions 

1st Law of Thermodynamics: 
𝑑
𝑑𝑡 # 𝑒𝜌𝑑𝑉

!"
+# (ℎ +

1
2𝑉

# + 𝑔𝑧. (𝜌𝒖$%& ⋅ 𝑑𝑨)
!'

= �̇�()*+	!" + �̇�+*-%$,+)	!" 

Assume steady flow: 
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Assume adiabatic conditions: 
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Assume no work other than pressure work: 
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Assume 1D flow with uniform properties over the inlet and outlet: 
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Assume perfect gas behavior: 
Δℎ = 𝑐0Δ𝑇   and 𝑔Δ𝑧 ≪ Δℎ + 1
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Combining together: 
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Combine with the following: 

definition of the Mach number:  Ma = "
2
 

speed of sound for an ideal gas:  𝑐 = √𝑘𝑅𝑇 
specific heat relations for an ideal gas:  𝑐0 = 𝑐3 + 𝑅,  𝑐0 =
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For a 1D, steady, adiabatic flow of a perfect gas with no work other than pressure work 
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Consider two reference conditions: 

stagnation conditions:  (Ma, T) = (0, T0) 
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sonic conditions:  (Ma, T) = (1, T*) 
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Note that the speed of sound for an ideal gas is:  𝑐 = √𝑘𝑅𝑇 
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If the flow is adiabatic and internally reversible (=> an isentropic process!), then for a perfect gas: 
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1D, steady, isentropic flow of a perfect gas with no work other than pressure work 
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Stagnation and Sonic Conditions 
 
It is convenient to choose some significant reference point in the flow where we can evaluate the constants 
in equations (12.70)-(12.72).  Two such reference points are commonly used in compressible fluid 
dynamics.  These are the stagnation conditions and sonic conditions. 
 
Stagnation Conditions 
 
Stagnation conditions are those conditions that would occur if the fluid is brought to rest (zero velocity � 
Ma=0).  We use the isentropic stagnation conditions where the flow is brought to rest isentropically.  These 
conditions are typically indicated by the subscript “0”.  Thus, equations (12.70)-(12.72) can be written in 
terms of stagnation conditions: 
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 adiabatic, 1D flow of a perfect gas (12.73) 
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 isentropic, 1D flow of a perfect gas (12.74) 
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 isentropic, 1D flow of a perfect gas (12.75) 

We can also determine the speed of sound at the stagnation conditions using the fact that c=(JRT)1/2: 
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 adiabatic, 1D flow of a perfect gas (12.76) 

 
 

Notes: 
1. Stagnation conditions are also commonly referred to as total conditions (given by the subscript “T”). 
2. Stagnation conditions can be determined even for a moving fluid.  The fluid doesn’t necessarily have 

to be at rest to state its stagnation conditions.  To determine stagnation conditions we only need to 
consider the conditions if the flow were brought to rest.   

3. Equations (12.74) and (12.75) are for a flow brought to rest isentropically. 
4. Tables listing the values of equations (12.73)-(12.76) for various Mach numbers are typically given in 

the back of most textbooks concerning compressible fluid flows. 
5. Note that the stagnation temperature is greater than the flow temperature.  This is because when the 

flow is decelerated to zero velocity, the macroscopic kinetic energy is converted to internal energy 
(microscopic kinetic energy) and thus the temperature increases. 
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6. The stagnation pressure is a significant property for a flow because it is directly related to the amount 

of work we can extract from the flow.  For example, imagine we bring a flow to rest so that we have 
stagnation conditions within the tank shown below. 

 
 
 
 
 
 
 
 
 
 

The larger the stagnation pressure in the tank, the greater the force we can exert on a piston that can be 
used to perform useful work. 

  
 

piston used for doing work 

flow 

tank with stagnation 
pressure, p0 

k = 1.4 


