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Numerical Simulation of Detailed Underexpanded Jet Structure and its Noise Emission
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Under-expaneded compressible jets are simulated at a Mach number of 1.425 and a Reynolds number of 2.2 x 10°
to clarify the mechanism of jet sound emission. The compressible Navier-Stokes equations are solved by using an
accurate numerical code with the fourth order accuracy in space. As a result, a structure with a few of shock-cells
was observed, where oblique shocks exist inside the jet and a shear layer spreads outward with many vortices.
The motion of these vortices seems to play a key role in sound emission. The pressure distribtion along the jet
centerline gives good agreement with the 3D result and experimental data in the neighborhood of the nozzle exit,
because there exist a strong shock-cell structure and an axisymmetrical flow. In addition, we can see waves that
travel upstream along the circumference of jet from around the first shock cell. Furthermore, there exist a discrete
wave that is generated from the interaction of the jet shear layer with the oblique shock or the Mach wave.
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Fig. 1: Schematic view of computational domain
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Fig. 2: Pressure contours in axisymmtric calculation
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Fig. 3: Pressure contours in three-dimensional calcula-

tion
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Fig. 4: Close-up of pressure contours at 0 < z < 8D
and 0 < r < 2D in axisymmetric calculation

Fig. 5: Close-up of pressure contours at 0 < z < 8D

and 0 < r < 2D in three-dimensional calculation
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Fig. 6: Static pressure distribution along the jet axis
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Fig. 7: Velocity divergence contours for axisymmetric

jet
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Fig. 9: Velocity divergence contours at 0 < z < 8D and
0 <7 < 2D for axisymmetric calculation

Fig. 10: Velocity divergence contours at 0 < x < 8D

and 0 < r < 2D for three-dimensional calculation
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Fig. 11: (a)Time history of pressure and (b) its FFT
results at point A (z,r) = (2D,2D) in axisymmetric

calculation
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