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Sound source distributions in isotropic compressible turbulence 
by 

Daiki Terakado, Taku Nonomura, Makoto Sato and Kozo Fujii 
 

ABSTRACT 
We investigate the effects of compressibility on sound source distributions using direct numerical simulations of isotropic 
decaying compressible turbulence at various turbulent Mach numbers. The sound source is obtained numerically from the 
Lighthill equation. As a first step, we study the sound source from the Reynolds stress, which is the dominant source in flows at 
low Mach numbers. We find that, as the Mach number is increased, overall sound source levels are weakened by the 
compressibility; however, once the supersonic region appears, sound generation associated with shocklets occurs. This sound 
generation strengthens the overall sound source levels in the high Mach number turbulence.  
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Tab. 1 Parameters used in the direct numerical simulations. 
Values for Mt0 and R 0 are the initial values; values for the 
resolution parameter kmax  are those at t/ =1.56. 
 

Case Mt0 R 0 kmax  
A 0.1 72 2.19 
B 0.2 72 2.15 
C 0.3 72 2.12 
D 0.4 72 2.10 
E 0.5 72 2.08 
F 0.6 72 2.06 
G 0.7 72 2.04 
H 0.8 72 2.03 
I 0.9 72 2.02 
J 1.0 72 2.02 
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Fig. 1 Dependence of rms sound source strength Srms

2on the 
initial velocity rms urms (0) for Mt0=0.1-1.0 at t/ =1.56. 
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Fig. 2 Snapshots of instantaneous fields at z/2 =0.5 for (a) 
normalized negative second invariant of the velocity gradient 
tensor -Q/Qrms and (b) normalized sound source S/Srms for 
Mt0=0.2 and Mt0=1.0 at t/ =1.56 . 
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Fig. 3 Iso-contour lines of log10PDF(S/Srms, Q/Qrms) at 
t/ =1.56 for (a) Mt0=0.2 and (b) Mt0=1.0. 
 
 
Tab. 2 Percentage of sound source strength S2 in flow regions 
with various dilation levels for Mt0=1.0 at t/ =1.56. 
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Fig. 4 Iso-contour lines of log10PDF(S/Srms, Q/Qrms) at 
various dilatation levels for Mt0=1.0 t/ =1.56. 
 
 

 
 

 
 
 

 
Fig. 5 Iso-surface of dilatation  color-coded for sound 
sources S at (a) / rms=-3 and (b) / rms=1 for Mt0=1.0 at 
t/ =1.56.  
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