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Characteristics of Flow-Induced Noise around a Sphere
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Abstract

Flow-induced noise propagated from flow over a sphere is numerically investigated for laminar flow at Re
=300 and 425, and for turbulent flow at Re = 3700 and 10*, where the Reynolds number is based on the
freestream velocity and the sphere diameter. The numerical method used for obtaining the flow over a sphere
is based on an immersed boundary method in a cylindrical coordinate system. The Curle’s solutions of the
Lighthill’s acoustic analogy with and without the far-field and compact-source approximation are used in
order to investigate the noise field from flow over a sphere. Since the drag and lift forces change irregularly in
time at Re = 425, 3700 and 10*, the noise propagates in a complicated manner. At Re = 300, 425 and 10*, the
noise from dipole sources is much larger than that from quadrupole sources. On the other hand, at Re = 3700,
the quadrupole source becomes dominant. The temporal variation of the flow-induced noise around a sphere
is obtained at some observation points, which shows that the peak frequency corresponds to the Strouhal
number associated with the wake instability.
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Table 1 Flow parameters of flow over a sphere
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Fig. 1 Instantaneous vortical structures: (a) Re=300; (b)

Re=425; (c) Re=3700; (d) Re=10".
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Fig. 2 Drag and lift coefficients: (a) Re=300; (b) Re=425;
(¢) Re=3700; (d) Re=10*. Here — - —, Cy;
Cy; - ; C.
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(@) (b)
Fig. 3 Propagation of noise at M=0.1: (@) Re=300 on X,-X,
plane (X;=0); (b) Re=425 on X;-X, plane (X;=0).
Maximum values are fixed as 5.05x10° in () and

4.58x10 in (b), respectively.

0 0.10
C, -0.035 C, o
N
r§ta.rded
retarded\J time / &
-0.070 time 20.10
0.595 0.630 0.665 0.10 0 -0.10
X CZ
(a) ()
Fig. 4 Phase diagrams: (a) (C,, C,) at Re=300; () (C., C,)
at Re=425.
100 -100
50 -50
X X3
-50 50
1100 100
4100 -50 X 50 100

()

100
50
X5
-50

100
100

-100  -50 X, 50

(d)

Fig. 5 Instantaneous noise propagations on the spherical
acoustic field (M=0.1): (a) +X; view at Re=3700; (b)
+X, view at Re=3700; (c¢) +X5 view at Re=10"; (d)
-X, view at Re=10*. Here solid line denotes the
positive values and dashed line denotes the negative
values.
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Fig. 6 Directivity patterns of pgc at X +X; +X; /d

= 25 and Xy/d=0 (M=0.1): (a) Re=3700; (b) Re = 10*.
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