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Symmetries of the Compressible Euler Equations

Infinitesimal transformation

Group operator







Group operators





Assume homentropic (homogeneously isentropic) flow of a perfect gas
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Sudden expansion of a gas cloud into a vacuum









Gasdynamic – shallow water flow analogy γ = 2





Radius of a sphere 
of ambient gas with 
the same total 
internal energy as 
the explosion energy

Gas properties 
behind the shock 
come from normal 
shock theory with 
M>>1.

Strong spherical blast wave







Governing equations

Inviscid, isentropic flow behind the shock





Invariant group



Invariant group – cont’d



The problem is invariant under a one-parameter dilation group.

Similarity variables r = E
ρ∞
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Similarity solution



Solution





Shock front



Determination of α s



Solution for the unknown constant as a function of gamma

α s 1.4( ) = 1.175





Shock wave produced by a very strong point explosion

Images from the trinity test, Alamogordo N.M., July 16, 1945 made public in 1947 
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G.I Taylor UK 1941 and 1950, John Von Neumann USA 1941 and 1947 and Leonid Sedov USSR 1946



E = 7.19 ×1013J

E = 6.30 ×1013J

Estimated 
energy

Actual 
energy

Knowing 𝛼! determines the energy of the explosion


