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Effects of acoustic resonance on flows around a cascade of plates
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To clarify the effects of acoustic resonance on flows around a cascade of flat plates, direct simulations and
experiments were performed. The Reynolds number based on the chord length and the freestream velocity is 8.7x10%.
The separation-to-thickness ratio s/d is 6.0. The results show that large-scale vortices composed of fine-scale vortices
are shed from the downstream edges of the plates. When the acoustic resonance occurs, the coherence between the
velocity fluctuations in the wake of a plate and that of the neighboring plate becomes higher. This means that the
synchronization of the shedding of the vortices occurs in the wakes of the neighboring plates. The mode of the
synchronization is an anti-phase mode. As a result, the standing waves generated between plates are reinforced.
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Fig. 1 Configurations of flows around a cascade of flat plates.
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Fig. 2 Predicted and measured mean velocity (xb =2.5,N =5, Ug
=44 m/sec).
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Fig. 3 Predicted and measured turbulent intensity (xb =2.5, N =5,
Uo = 44 m/sec).
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Fig. 4 Predicted and measured power spectra of velocity (/b =
2.5,y/b=0.5,N=5, Up = 44 m/sec).
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Fig. 5 Predicted sound pressure spectrum and measured that (x =
0,y/b =215, N =5, Up = 44 m/sec).
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Fig. 6 Effects of velocity on sound pressure levels of tonal sound
forN=5at (x =0, y/b =215).

Fig. 7 Iso-surfaces of second invariant (Q/(Uolb)2 = 1.0) and
fluctuation pressure p’/(0.5pU02) for Uo = 44 m/sec.
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Fig. 8 Iso-surfaces of second invariant (Q I(Udb)2 =0.5) for Up =
44 mi/sec (left) and 60 m/sec (right).
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Fig. 9 Power spectra of velocity v (xb = 2.5, y/b = 0.5) for Up = 30,
44 and 60 m/sec.
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Fig. 10 Power spectra of velocity v (xb = 2.5, ylb =0.5) for N = 1,
5 (Uo =44 m/sec).

Fig. 11 Iso-surfaces of second invariant (Q/(Uo/b)2 = 0.3) and
fluctuation pressure p’/(0.5pU02) for phase-averaged flow fields
for Up = 44 m/sec (top) and 60 m/sec (bottom).
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Fig. 12 Variation of coherence of v (xb = 25, z = 0) at
fundamental frequency in y direction. Reference is signal at y/b =
0.5.
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Fig. 14 Variation of coherence of v (xb = 25, yb = 0.5) at
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Fig. 16 Fluctuation pressure p’/(O.5pU02) for phase- and
spanwise-averaged flow fields, where T is period.
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