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Fig. 1. Magnitude of mean density gradient in air or helium 
underexpanded  free jets. The red color is significant of 
strong density gradients. 
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Fig. 2. Oriented magnitude of radial and 
axial mean density gradients in air or 
helium underexpanded  free jets at  
P0 /Pa=4. (Automatic scaling for density 
gradients: red >0, blue <0). 

Mean density gradients are highlighted by the background oriented schlieren (BOS) technique applied in the near 
field of axisymmetric underexpanded jets of air or helium. The displacement fields related to the refractive index 
variations and therefore to flow density gradients are obtained by cross-correlating with a PIV algorithm one image 
of an illuminated speckled background without the jet and one with the jet. The gaseous jet (either air or helium) is 
released through a Dj = 2 mm orifice from a high pressure source at P0 into the ambient air at Pa. Figure 1  reveals  
the  shock  cell  structure  for  both air (a) and  helium  (b)  as  a function  of   pressure  ratio  P0 /Pa = 2, 4 or 6. As 
the tank pressure increases, the diamond structure of the weakly underexpanded air jet is switched to the barrel 
structure of a moderately underexpanded air jet (Fig.1a). In the helium jet (Fig. 1b), the BOS visualization is 
sensitive not only to the compressible effect but also to the helium concentration. The shock cells induced by 
compressible effects in the near field (x/Dj < 5) can be identified and quantified in terms of the Mach disk 
dimension and barrel shock length when the density gradient is decomposed along the axial and radial directions. 
In figure 2, the radial projections  show the barrel shocks for air (a) and the concentration repartition for helium (c) 
at P0 /Pa = 4 while the shock cells are located in the jet by the axial component of the density gradient respectively 
in air : b) and helium : d).  
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