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1. Introduction 
In the automobile and electric industries, aerodynamic noise is one of the most serious problems in 
the development of new products. The Mach number of the flow velocity for automotive and electric 
products is comparatively small, and the wavelength of the resulting aerodynamic sound is larger 
than the dimensions of these products. In this situation the radiated aerodynamic sound can be 
formulated by Lighthill-Curle’s theory (Curle, 1955), which is generally known to be the most 
convenient theory currently available. Therefore, aerodynamic sound sources are conventionally 
investigated by using surface pressure fluctuation, which acts as a dipole source, as formulated in 
Lighthill-Curle’s equation. However, Lighthill-Curle’s theory gives us no information about the 
relationship between unsteady vorticity fluctuation and aerodynamic sound. That is, it only shows 
aerodynamic sound generated by the surface pressure fluctuation or aerodynamic forces. We 
therefore cannot obtain the vortex contribution to aerodynamic sound generation by using 
Lighthill-Curle’s theory. From the aerodynamic point of view, even in a low-Mach-number wake, we 
have to consider the relationship between vorticity fluctuation and aerodynamic sound in order to 
reveal the origin of ‘true aerodynamic sound source’. In this paper, we describe our work to identify 
the aerodynamic sound source around a circular cylinder by using the experimental results of the 
vorticity measurement and a compact Green’s function method.  

 
2. Experimental Methods  
To identify the aerodynamic sound source around a circular cylinder, aerodynamic noise and vorticity 
fields were measured in a low-noise wind tunnel. The experiment was conducted at a mean flow 
velocity of 15 m/s and a Reynolds number of 4.0 × 104. The test cylinder had twelve pressure taps as 
shown in Fig. 1. The surface pressures were measured with microphones through the 1 mm pressure 
taps. To estimate the vorticity contribution to aerodynamic sound generation, vorticity fluctuation of 
ωz = (�v/�x - �u/�y) was also measured. Figure 2 shows a vorticity probe which has a parallel I-type 
hot-wire and an X-array hot-wire. The parallel array probe measures velocity fluctuation in the 
stream wise direction. This velocity is then used to calculate the cross-section gradient, �u/�y. The 
X-array probe measures the cross-stream component, which is used in Taylor’s hypothesis to 
transform temporal derivatives into streamwise derivatives, �v/�x = -1/Uc  · �v/�t. The instantaneous 
span wise vorticity, ωz = (�v/�x - �u/�y) can be measured with this vorticity probe.  
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Fig. 1. Test cylinder and pressure pick-up.             Fig. 2. Vorticity probe with four hot-wires. 
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In the case of a low Mach number wake flow behind a rigid body, aerodynamic sound, Pa, can be 
estimated with a compact body assumption suggested by Howe (Howe, 1998). That is, the 
aerodynamic sound equation can be written as follows: 
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where ω and u denotes vorticity and velocity vector. G denotes a compact Green’s function. Yi is a 
velocity potential of incompressible flow past the bluff body. Then, the dipole sound can be calculated 
by coupling source term of (ω × u) with a velocity potential Yi, which is related to a compact Green’s 
function G, and Yi can be given theoretically in the case of a (circular) cylinder placed in uniform 
flow. 
 
3. Results and Discussion 
The dipole sound source of the fundamental frequency (f = 75 Hz) which correspond to Strouhal 
number of 0.2 is visualized by using the compact Green’s function and the measured vorticity 
fluctuation as shown in Fig. 3(a). The dipole source is concentrated at X/D = 1.5 and Y/D  = ±0.4. The 
vortex growth rate and gradYi  are both large in this region. It is remarkable that the aerodynamic 
sound source is concentrated in a small area at Y/D = ±0.4. However, this area does not correspond to 
the vorticity concentration region; that is Y/D = ±0.6. The aerodynamic sound source lies near the 
center of the cylinder but the vorticity fluctuation is close to the side of the cylinder. In this region, 
the alternating vortices come from both sides of the cylinder, and the separated shear layer is 
stretched by this vortex motion. The separated shear layer therefore rolls up at the formation region 
of the Karman vortices. The result showed aerodynamic sound is caused by the vortices around the 
formation region in the wake of the cylinder, and then the separated shear layer seems to be the seed 
of the aerodynamic sound. Figure 3(b) shows the aerodynamic sound source which is calculated by 
coherent output power (COP) in terms of the vorticity and surface pressure fluctuation (Iida et al., 
1999). The dipole source distribution calculated by the compact Green’s function method is in good 
agreement with the COP. It is apparent that the compact Green’s function reflects the vorticity 
contribution of the dipole sound generation. The conventional, Lighthill-Curle’s method gives us no 
information about the vorticity contribution for the dipole sound generation. The compact Green’s 
function method is useful to understand dipole sound generation. This method is therefore suitable 
for estimating the relationship between the dipole sound source and vorticity fluctuation. 
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     (a) Compact Green’s Function Method                       (b) Coherent Output Power Method 

Fig. 3. Distribution of dipole sound source of the fundamental frequency in the wake of a cylinder. 
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