Derivation of Insignificance of Compressibility for Low Airspeeds

For adiabatic expansions
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Where p is pressure, ρ is density, v is specific volume (which is the reciprocal of density), and k is the ratio of the specific heats, 1.405 for air.
Therefore 
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Integrating yields
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But since 
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Now in an expansion from density 
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 to density 
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  The work done is
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.  We treat the pressure as a function of density only.  This is the intrinsic energy per unit mass, or the work that a unit of mass of the air would do as it expands from the assumed relation between p and ρ for its actual state to a standard state in which the pressure and density are p0 and ρ0.  If we call this intrinsic energy E, then by integrating by parts we get
E=
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Thus
(2) E=
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Since the Bernoulli equation provides that 
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and since for the steady motion of an inviscid fluid the quantity 
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is constant along a streamline
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 is constant along a streamline.  Therefore
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Taking the ratio of 
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 to be the standard state of air, it is constant and substituting into the above equation we get
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Where V is velocity g is the acceleration of gravity, and h is the height of the fluid.

Ignoring the effect of gravity and taking the pressure 
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 to be the pressure when the velocity is zero, we get
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(3)  
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Now since 
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From the theory of sound waves we know that 
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Where c0 is the speed of sound.
Thus 
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And 
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Expanding using a power series

(4)  
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 the ratio of the second to the third term in (4) is 1/16.  Thus neglecting the further terms in the expansion, the impact of the expansion terms is negligible at low airspeeds.  We can thus rewrite the Bernoulli equation to ignore compressibility as
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 or, using specific volume, 
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