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φ′ = Fluctuation of a quantity φ
�

= φ − φ
�

φrms = Root mean squared value of a quantity φ

φ∞ = Quantity φ at free stream

II. Introduction

S
mall engineering systems such as micro air vehicle and small wind turbine often encounter low Reynolds flow

(Re < 105) over airfoil so the associated flow phenomenon is a hot topic of research interest. In addition to the

continuous effort on improving the airfoil structural integrity, researchers are also seeking innovative airfoil design to

provide high aerodynamic performance yet low noise.

One of the potential candidates is an airfoil with a cavity. Lam and Leung [1] have recently demonstrated that at

zero angle of attack α, such kind of airfoil, i.e. along the line of Kasper’s concept [2], produces less noise than an airfoil

without a cavity does by at least a few dB. Meanwhile, the airfoil still provides a much stronger lift than its ordinary

counterpart does. The airfoil concept tries to trap air flow inside the cavity so as to create a local low pressure zone and

thus additional lift. Subsequent studies [3–8] mainly focus on the aerodynamics of the airfoil while others [9, 10] on the

control of trapped vortices inside the cavity.

There are only a few works dedicated to study the aeroacoustics of airfoil with cavity. Schumacher et al [11]

investigated the acoustic generation of a thin plate with super-elliptic nose and tapered tail at a larger Re ∼ O
�

105
�

. Up

till now, the only work relevant to the aeroacoustics problem is Lam and Leung’s work [1], in which via an extensive

wavelet, FFT, and coherence analyses, they identified three types of acoustic generation for an airfoil at α = 0◦. They

are the dominant airfoil trailing edge tone, the cavity tones, and a feedback mechanism between the cavity and the airfoil

trailing edges. This work serves a continuation to Ref. [1] and aims at investigating the acoustic generation of the same

airfoil with a cavity at selected α, namely −4◦ and 4◦. The present paper reports and discusses the latest understanding

of the aeroacoustic problem.

III. Formulation of the Problem

A. Direct Aeroacoustic Simulation

In the present study, we apply direct aeroacoustic simulation approach [12, 13] for its inherent capability of resolving

the interaction between the flow dynamics and acoustics which is essential in studying the aeroacoustic phenomenon

involving possible feedback mechanism. In this approach, the governing equations of the two dimensional flow past an

airfoil, namely compressible Navier-Stokes (N-S) equations and the equation of state, are solved simultaneously. Taking

the free stream parameters (denoted by subscript ∞) as reference scales, the N-S equations in dimensionless strong

conservative form can be written as

∂U

∂t
+

∂ (F − Fv )

∂x
+

∂ (G − Gv )

∂y
= 0, (1)

where U =
�

ρ, ρu, ρv, ρE
�T

, F =

�
ρu, ρu2

+ p, ρuv, (ρE + p) u
�T

, G =

�
ρv, ρuv, ρv2

+ p, (ρE + p) v
�T

, Fv =�
0, τxx, τxy, τxxu + τxyv − qx

�T
/Re∞, Gv =

�
0, τxy, τyy, τxyu + τyyv − qy

�T
/Re∞ with u and v being the velocities in

x and y directions respectively, τxx =
2
3
µ
�

2 ∂u
∂x
−

∂v
∂y

�

, τxy = µ
�

∂u
∂y
+

∂v
∂x

�

, τyy =
2
3
µ
�

2 ∂v
∂y
−

∂u
∂x

�

, E =
p

ρ(γ−1)
+

u2
+v2

2
, p =

ρT

γM2
∞

, qx = −
µ

(γ−1)Pr∞M2
∞

∂T
∂x
, qy = −

µ

(γ−1)Pr∞M2
∞

∂T
∂y

, the specific heat ratio γ = 1.4, free stream Mach

number M∞ = �U∞/
�

γ�R�T∞, specific gas constant �R = 287.058J/ (kgK ) for air, Re∞ = �ρ∞�U∞�L/�µ∞ and Prandtl

number Pr∞ = �cp,∞�µ∞/�k∞ = 0.71.

The governing equations are solved by the conservation element and solution element (CE/SE) method, which has

been successfully applied in investigating aeroacoustics of compressible flows such as jet screech [14, 15] since its

introduction. Lam et al. [12] further systemically established its capability of capturing interactions between flow and

acoustics accurately via a series of benchmark aeroacoustic problems at low Mach number.
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