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This paper investigates the hydrodynamic near-field and predicted radiated acoustic far-field of three 

NACA-series airfoils, namely the NACA 16-616, NACA 16-506, and NACA 0024 profiles, over a range of angles 

of attack, encompassing the pre-stall, stall, and post-stall flow regimes. In both the static pressure and the 

pressure fluctuation results, it is shown that each flow regime for each airfoil is easily distinguished, that each 

regime has different spectral behavior and boundary layer characteristics, and it is further shown that the 

behavior is different for each airfoil. In particular, it is shown that airfoil shape has a significant impact on 

both the angle of attack at which stall occurs and on the nature of the stalling mechanism. In the predicted 

radiated acoustic field, it is found that the variation of sound pressure level with frequency and with angle of 

attack is different for each airfoil, with airfoil thickness shown to have a significant impact on the abrupt effect 

of stall on the predicted radiated far-field sound. This is of significance due to the widespread use of 

aeroacoustic models, such as that proposed by Brooks, Pope, and Marcolini, derived empirically from only one 

airfoil. 

I. Nomenclature 

𝑐  [m]  Airfoil chord length 

𝐶𝐿  [-]  Lift coefficient 

𝐶𝑃  [-]  Pressure coefficient 

𝐶𝑝,𝑟𝑚𝑠  [-]  Root-mean-square pressure coefficient 

𝑑  [m]  Airfoil span 

𝑓  [Hz]  Frequency 

ℎ  [mm]  Nozzle exit height 

𝑙(𝑓)  [m]  Spanwise coherence length 

𝐿  [N]  Numerically integrated lift force 

𝑀  [-]  Mach number 

𝑝  [Pa]  Static pressure 

PSD   -  Power spectral density 

RMS  -  Root-mean-square 

𝑅𝑒𝑐  [-]  Chord-referenced Reynolds number 

𝑆𝑡  [-]  Strouhal number 

𝑡  [s]  Time 

𝑢  [ms−1]  Velocity 

𝑈∞  [ms−1]  Freestream velocity 
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𝑤  [mm]  Nozzle exit width 

𝑥  -  Chordwise direction 

𝑦  -  Spanwise direction 

𝑧  -  Direction normal to chord line 

𝛼  [°]  Geometric angle of attack 

𝛾2  [-]  Coherence 

𝛿  [m]  Boundary layer thickness at 99% of freestream velocity 

𝜉  [m]  Microphone separation distance 

𝜌  [kgm−3]  Density of air 

𝜏𝑐  [s]  Temporal correlation scale 

𝜙𝑝𝑝  [Pa2]  Surface pressure fluctuation power spectral density 

II. Introduction 

The source of airfoil self-noise is classically regarded to be the scattering of boundary layer turbulent disturbances 

into acoustic waves as they convect past the geometrical discontinuity of the airfoil trailing-edge [1, 2]. Trailing-edge 

noise, and various methods to reduce it, have been extensively investigated since the advent of aeroacoustic research 

[3, 4, 5, 1, 6, 7]. This is largely due to the dominance of this noise mechanism in most applications when operating in 

typical conditions [8, 9]. Many models of airfoil self-noise relate the radiated far-field sound to the near-field 

hydrodynamics. In the seminal work by Amiet [3], an analytical model to predict airfoil trailing-edge noise was 

developed by formulating the scattered far-field noise using the airfoil response function and inputs from the incident 

unsteady pressure spectra and spanwise correlation length of the flow. The model established the significance of the 

hydrodynamic near-field in the understanding and modelling of the radiated far-field sound. 

Airfoils are not typically operated within the stall regime and, consequently, separation and stall noise has received 

comparatively less attention than the more frequently encountered laminar- and turbulent-boundary layer induced self-

noise mechanisms [8]. However, separation and stall noise can still occur in industrially relevant applications since 

maximum aerodynamic performance is often at high angles of attack, near to stall. For instance, when the pressure 

rise across an axial compressor fan increases to such an extent that the flow reverses and separates, or when a wind 

turbine blade encounters flow heavily disturbed by an upstream turbine [10, 11, 12]. Additionally, when separation 

and stall noise does occur it can be expected to produce higher overall sound levels, particularly at lower frequencies 

[13, 12, 14], thereby underlining the importance of developing an understanding of the underlying physics of 

separation and the near-field hydrodynamics to allow future modelling of the radiated far-field stall noise. 

Much research into separation-stall noise categorizes the noise into two regimes: (a) light stall, where, although 

there is separation, there is still an attached mean flow over part of the airfoil and noise is radiated primarily from the 

trailing-edge; and (b) deep stall, where the airfoil is fully stalled (aerodynamically) with mean recirculation over the 

airfoil, and the noise is also radiated from the whole chord in a manner similar to a bluff body [8, 15, 12]. As is the 

case for trailing-edge noise, the flow features in the boundary layer of the airfoil, and their surface pressure imprint 

on the airfoil, are the origin of the radiated far-field noise. Consequently, understanding of the physics of the far-field 

noise, crucial for the development of any model of this noise, is contingent on understanding of the hydrodynamic 

near-field [1, 6, 16, 17, 12]. In recent years, high-fidelity near-field hydrodynamic data has been collected for a range 

of airfoils, such as various flat plates, symmetric NACA 0012 and NACA 0021 profiles as well as cambered airfoils 

such as the NACA 65-1210, NACA 65-(12)10, and NACA 65-410 profiles [12, 8, 9, 18, 19]. The spectral near-field 

hydrodynamic behavior is strongly dependent on airfoil shape, and so for the development of generalized far-field 

noise models, high-fidelity near-field hydrodynamic data for a range of airfoils is pivotal.  

The BPM model [20], though widely used in industry [21, 22], is empirically derived from NACA 0012 data and 

so cannot be expected to provide an accurate model of the radiated far-field noise of airfoils different in shape to the 

NACA 0012 profile. Consequently, the collection and dissemination of near-field hydrodynamic data for a wide range 

of airfoils is vital for the development of future models of separation and stall noise. This is the context of the present 

study, where highly instrumented NACA 16-616, NACA 16-506, and NACA 0024 airfoils have been experimentally 

investigated in a range of operating conditions as described subsequently. 

This paper will investigate the hydrodynamic near-field and predicted radiated acoustic far-field of the NACA 16-

616, NACA 16-506, and NACA 0024 airfoil profiles. In what follows; Section III presents an overview of the 

experimental setup of the present study; Section IV subsequently details the static pressure results for each airfoil, 

providing insights into each’s stalling behavior; Section V then presents the surface pressure fluctuation results, 

providing a higher fidelity insight into the nature of the flow around the airfoils; Section VI provides a more direct 

insight into the velocity fluctuations that are the origin of the near-field surface pressure fluctuations via boundary 
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layer velocity measurements; Section VII presents predicted far-field sound results; and finally, Section VIII 

concludes the paper. 

III. Experimental Setup 

The experiment was conducted in the aeroacoustic open-jet wind tunnel facility at the University of Bristol. The 

wind tunnel is located within a chamber that is anechoic for frequencies above 160Hz. The design and performance 

of the wind tunnel facility are summarized in Mayer et al [23]. For this study, a rectangular nozzle with exit dimensions 

of height ℎ = 775mm and width 𝑤 = 500mm was employed. Figure 1(a) provides an overview of the test section 

mounted within the anechoic facility and flush mounted to the nozzle exit, with a beamforming array positioned above 

it for far-field noise measurement. Figure 1 (b) shows the NACA 16-616 airfoil installed within the test section and 

the tensioned Kevlar panels that form the top and bottom walls of the test section, the NACA 16-506 and NACA 0024 

airfoils were installed in an identical manner. These Kevlar walls are effectively acoustically transparent, allowing 

acoustic waves to pass through whilst greatly reducing flow deflection in a similar manner to a solid-walled closed 

test section [24].  This minimization of flow deflection allows for far greater effective angles of attack to be achieved 

than in the classical open-jet configuration, crucially important for the study of stall noise. It has been shown that the 

geometric airfoil angle of attack can be translated to free-air equivalent effective angles of attack [30, 31], though for 

the present study it was found that these corrections were of the order of ~0.5% and so geometric angles of attack are 

presented in this paper. 

 

 

(a) (b) 

Figure 1: (a) test section mounted to nozzle exit with beamforming array above, and (b) the test section 

as viewed from a downstream position with the NACA 16-616 airfoil installed. 

 

For each airfoil, static pressure and unsteady surface pressure fluctuations are measured remotely using brass tubes, 

resin-sealed into the airfoil surface, with 0.4mm pinholes aligned with the center-section of the airfoil span across the 

chord. Figure 2 shows the chordwise and spanwise distributions of the unsteady surface pressure fluctuation 

measurement locations for each airfoil, showing the high concentration on the airfoil suction surface and the spanwise 

distribution at the trailing-edge. 
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(a) 

  

(b) 

 

 

(c) 

Figure 2: (a) NACA 16-616 airfoil profile and planform with unsteady pressure tap locations indicated, 

(b) NACA 16-506 airfoil profile and planform with unsteady pressure tap locations indicated, and (c) 

NACA 0024 airfoil profile and planform with unsteady pressure tap locations indicated. 
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IV. Static Pressure Results 

This section provides an overview of the variation of the mean static pressure distribution over the NACA 16-616, 

NACA 16-506, and NACA 0024 airfoil surfaces with the geometric angle of attack. Figures Figure 3,Figure 4, and 

Figure 5 show the static pressure coefficient distributions at four different angles of attack for each of the three airfoils. 

For each airfoil the three distinct flow regimes are readily identifiable in the static pressure coefficient: the pre-stall 

regime is characterized by suction peak growth and a whole-chord reduction in suction surface static pressure as the 

angle of attack is increased, the stall regime is then characterized by a transition from the pre-stall regime to the post-

stall regime, itself characterized by a flat static pressure distribution across the chord indicating separated flow. 

Although the flow regimes are easily identifiable for each airfoil, their exact characteristics vary with the NACA 16-

616 and NACA 0024 airfoils stalling very abruptly whereas the NACA 16-506 airfoil stalls much more gradually. 

This significant difference in behavior can be expected to result in different radiated far-field sound.  

 

  
(a) (b) 

  

(c) (d) 

Figure 3: NACA 16-616 static pressure coefficient distribution with XFoil prediction indicated for pre-

stall angles at: (a) 𝜶 = 𝟎°, (b) 𝜶 = 𝟏𝟎°, (c) 𝜶 = 𝟏𝟕°, and (d) 𝜶 = 𝟐𝟐° angles of attack. 
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(a) (b) 

  
(c) (d) 

Figure 4: NACA 16-506 static pressure coefficient distribution with XFoil prediction indicated for pre-

stall angles at: (a) 𝜶 = 𝟎°, (b) 𝜶 = 𝟓°, (c) 𝜶 = 𝟓°, and (d) 𝜶 = 𝟏𝟓° angles of attack. 
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(a) (b) 

  
(c) (d) 

Figure 5: NACA 0024 static pressure coefficient distribution with XFoil prediction indicated for pre-

stall angles at: (a) 𝜶 = 𝟎°, (b) 𝜶 = 𝟏𝟎°, (c) 𝜶 = 𝟏𝟕°, and (d) 𝜶 = 𝟐𝟐° angles of attack. 

 

 

Figure 6 shows the variation of (i) static-pressure-derived lift coefficient and (ii) its corresponding RMS, for each 

of the three airfoils. As with the static pressure distributions, these plots show the differing behavior of each airfoil, 

particularly within the stall regime where the NACA 16-616 and NACA 0024 airfoils can be seen to stall much more 

abruptly than the thinner NACA 16-506 airfoil. 

 

  

(a) i) (a) ii) 
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(b) i) (b) ii) 

 

 

(c) i) (c) ii) 

Figure 6: i) Lift coefficient variation with angle of attack and ii) equivalent root-mean-square lift 

coefficient variation with angle of attack for: (a) NACA 16-616, (b) NACA 16-506, and (c) NACA 0024. 

Angles of attack to be presented subsequently are indicated in red. 

V. Surface pressure fluctuation results 

A. Power spectral density of surface pressure fluctuations 

This section provides an analysis of the surface pressure fluctuation data recorded for the angles of attack indicated 

in Figure 6 for each of the three airfoils. Surface pressure fluctuations can be considered the origin of far-field sound, 

with many hydrodynamic models of airfoil noise relating far-field trailing-edge noise to the power spectral density 

(PSD) of the surface pressure fluctuations near to the trailing-edge of the airfoil [3] [16] [4] [1]. Additionally, analysis 

of surface pressure fluctuations across a broad range of frequencies facilitates the development of a deeper 

understanding of the nature of the boundary layer flow. Consequently, surface pressure fluctuations are a crucial 

parameter in the field of aeroacoustics and are therefore presented subsequently. 

The variation of the NACA 16-616 suction surface pressure fluctuation PSD with angle of attack is shown in 

Figure 7 for two chordwise positions on the airfoil suction surface: 𝑥 𝑐⁄ = 0.75 and 0.97. As with the previously 

shown static pressure results, the three distinct flow regimes are readily identifiable in the spectra: pre-stall (for 0° to 

15° angles of attack), stall (16° and 17° angles of attack), and post-stall (for angles of attack beyond 17°). The PSD 

within the pre-stall regime is characterized by broadband spectra with a high-frequency roll-off rate dependent on 

chordwise position. For the trailing-edge location of 𝑥 𝑐⁄ = 0.97, the spectra decays at a rate of 𝑓−5 for all angles of 

attack in the pre-stall regime whereas for further upstream locations this rate of high-frequency decay is only seen at 

increasingly large angles of attack until, for the 𝑥 𝑐⁄ = 0.45 case, there is no decay at a rate of 𝑓−5 within the pre-stall 

regime. The presence of the high frequency roll-off is indicative of the dominance of lower-frequency, large-scale 
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turbulent structures and so it can be inferred that, towards the trailing-edge, the boundary layers of the NACA 16-616 

airfoil are increasingly dominated by large-scale structures, even for very low angles of attack, suggesting a trailing-

edge separation mechanism. The change in PSD within the stall regime, for the angles of attack 16° and 17°, is 

consistent across the airfoil chord with a sharp transition in spectral shape from the pre-stall regime to much higher 

low frequency levels and a decay rate of 𝑓−2.5. The spectral behavior is then broadly consistent throughout the post-

stall regime except for the development of a peak at  a frequency of 𝑓 = 50Hz, corresponding to a frontal-area-

referenced Strouhal number of 𝑆𝑡 = 0.2, at angles of attack beyond 22°, which has been previously established to be 

associated with vortex shedding [25]. 

 

  

(a) (b) 

Figure 7: NACA 16-616 surface pressure fluctuations PSD variation with angle of attack at (a) 𝒙/𝒄 =
𝟎. 𝟕𝟓  and (b) 𝒙/𝒄 = 𝟎. 𝟗𝟕. 

 

The variation of the NACA 16-506 suction surface pressure fluctuation PSD with angle of attack is shown in 

Figure 8. As was the case for the NACA 16-616 airfoil, the distinction between each of the three flow regimes is 

clearly visible for each chordwise position. The pre-stall regime is for angles of attack up to 7°, the stall regime covers 

angles of attack from 8° to 10°, and all angles of attack beyond 10° are within the post-stall regime. 

The pre-stall regime spectra for the NACA 16-506 airfoil are broadband in nature for both chordwise positions 

and, unlike for the NACA 16-616 airfoil, there is no small-scale separation indicated near to the airfoil’s trailing-edge 

in the spectra. In the pre-stall regime, low frequency levels are consistently 2 − 3dB lower for the NACA 16-506 

airfoil compared to the NACA 16-616 airfoil. The NACA 16-506 stall regime spectral behavior is different to that of 

the NACA 16-616 airfoil where, instead of an abrupt transition to characteristic stalled flow, there is a much more 

gradual shift from 8° to 10° angles of attack and levels within the stall regime are markedly higher than those in the 

pre- and post-stall regimes. This is indicative of high energy surface pressure fluctuations in the stall regime, caused 

by correspondingly high energy velocity fluctuations in the boundary layer. Post-stall, spectral behavior is very similar 

to the NACA 16-616 airfoil and again the onset of separated boundary layer vortex shedding is indicated by the peak 

at 𝑆𝑡 = 0.2. 

 

 



10 

 

Figure 9 shows the PSD surface contours for the NACA 0024 airfoil suction surface at two chordwise locations: 

𝑥 𝑐⁄ = 0.75 and 0.97. The three distinct flow regimes are defined as follows, the pre-stall regime is for angles of 

attack up to 17°, the stall regime covers angles of attack from 18° to 19°, and all angles of attack beyond 19° are 

within the post-stall regime. 

In the pre-stall regime, NACA 0024 spectral behavior for both chordwise positions is very similar to that of the 

NACA 16-616 airfoil with a small-scale separation near to the trailing-edge indicated by the reducing high frequency 

levels as the angle of attack is increased towards stall for near trailing-edge locations. This is as expected due to the 

thick shape of the NACA 0024 airfoil. The stall regime spectra of the NACA 0024 airfoil are again very similar to the 

thick NACA 16-616 airfoil with a sharp transition from the pre-stall regime to post-stall, in contrast to the NACA 16-

506 airfoil where the transition is more gradual. This sharp transition is indicative of a leading-edge stall mechanism. 

Post-stall behavior is very similar to the other two airfoils with a higher frequency decay rate of 𝑓−2.5 and a vortex 

shedding peak at a Strouhal number of 𝑆𝑡 = 0.2. 

 

 

 

 

(a) (b) 

Figure 8:  NACA 16-506 surface pressure fluctuations PSD variation with angle of attack at (a) 

x/c=0.75 and (b) x/c=0.95. 

 

 

(a) (b) 

Figure 9:  NACA 0024 surface pressure fluctuations PSD variation with angle of attack at (a) x/c=0.75 

and (b) x/c=0.97. 
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B. Spanwise coherence 

In addition to the surface pressure fluctuations, another crucial parameter for understanding the structure of the 

near-field hydrodynamics is the spanwise length scale of the turbulent structures that are convected past the trailing 

edge [3]. To this end, this section examines the spanwise coherence of the surface pressure fluctuations in the suction 

surface boundary layer at the trailing-edge of each airfoil and uses this coherence to estimate the spanwise coherence 

length, a measure of the length scale over which turbulent structures are coherent.  

Figure 10(a) shows the spanwise coherence length at the trailing-edge of the NACA 16-616 airfoil for 0°, 5°, and 

10° angles of attack, all corresponding to the pre-stall regime, and the positive correlation between coherence length 

and angle of attack is evident, reflecting the growth in scale of turbulent structures as the angle of attack increases and 

the boundary layer grows in the pre-stall regime. Figure 10(b) shows the coherence length for the three stall and post-

stall regime angles of attack, namely 16°, 17°, and 22°. For the 16° angle of attack case, the spectral shape of the 

coherence length is very similar to the 10° case except the peak length is more than double the pre-stall case. This 

reflects that the overall boundary layer behavior at these two angles of attack is similar except for the further 

development of the secondary trailing-edge separation mechanism for the 16° angle of attack case, as was also evident 

in the PSD and autocorrelation results previously discussed. Conversely, the 17° and 22° angles of attack cases show 

a very different spectral shape with a very clear peak coherence length, reflecting that these angles of attack are after 

the dominant leading-edge stall mechanism has occurred, with the peak coherence length for both angles of attack 

occurring at the previously noted vortex shedding frequency of 𝑓 = 50Hz, with the sharper peak for the 22° case 

again corresponding to vortex shedding. 

 

 
 

(a) (b) 

Figure 10: NACA 16-616 spanwise coherence length variation with angle of attack: (a) pre-stall, and 

(b) post-stall. 

 

The spanwise coherence length variation with angle of attack of the NACA 16-506 airfoil is shown in Figure 11. 

Spectral shape in the pre-stall regime is consistent between each angle of attack although the peak length increases 

with increasing angle of attack, consistent with the length scale of the dominant turbulent structures increasing as the 

boundary layer grows. Post-stall, the coherence length is much larger, reflecting the much larger length scales 

associated with separated flow. For the post-stall angles of attack the spectra at the trailing-edge is near-totally 

dominated by a peak associated with vortex shedding at a frequency of 𝑓 = 60Hz. 
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(a) (b) 

Figure 11: NACA 16-506 spanwise coherence length variation with angle of attack: (a) pre-stall, and 

(b) post-stall. 

The NACA 0024 spanwise coherence length variation with angle of attack, shown in Figure 12, is generally similar 

in behavior to the other two airfoils with the coherence length post-stall being far greater in magnitude than pre-stall. 

One difference however is that the coherence length at 10° angle of attack is greater than for the still pre-stall 15° 

angle of attack. Though this is counter-intuitive it is likely due to the occurrence of localized separation for the 15° 

angle of attack case. 

 

  

(a) (b) 

Figure 12: NACA 0024 spanwise coherence length variation with angle of attack: (a) pre-stall, and (b) 

post-stall. 

VI. Boundary Layer Velocity Results 

In this section, hot-wire anemometry results recorded for the NACA 16-616 and NACA 16-506 airfoils are 

examined at multiple angles of attack. The results are presented in the form of suction surface boundary layer profiles, 

providing a direct indication of the nature of the flow within the boundary layer and in particular, whether it is attached, 

mildly separated, or fully separated. 

Figure 13 shows the NACA 16-616 suction surface boundary layer velocity profiles at three chordwise positions 

for four angles of attack: 𝛼 = 0°, 10°, 16°, and 22°. At 0° angle of attack, for the two mid-chord locations of 𝑥 𝑐⁄ =
0.6 and 0.75, the boundary layers are clearly attached with a 99% boundary layer thickness of 𝛿 = 0.012𝑐 and 0.018𝑐, 

respectively. The boundary layer at the trailing-edge location of 𝑥 𝑐⁄ = 0.98 however is much larger, although still 

attached, with a thickness of 𝛿 = 0.055𝑐. At the same three chordwise positions but at 10° angle of attack, the 
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boundary layers are again still clearly attached at the 𝑥 𝑐⁄ = 0.6 and 0.75 locations with thicknesses of 𝛿 = 0.021𝑐 

and 0.032𝑐, respectively. However, for the trailing-edge location of 𝑥 𝑐⁄ = 0.98, the clear inflection point in the 

boundary layer profile indicates reversed flow and hence suggests strongly that separation has occurred, corroborating 

the findings in the surface pressure fluctuations sections of this report, and further reinforcing the suggestion of a 

trailing-edge separation mechanism. The velocity profiles at 16° angle of attack show similar behavior at the three 

chordwise locations to the 10° case, with attached flow at the two further upstream chordwise locations and separated 

flow at the trailing-edge. As expected, the attached boundary layers are larger with thicknesses of  𝛿 = 0.062𝑐 and 

0.11𝑐 at 𝑥 𝑐⁄ = 0.6 and 0.75, respectively, and the separated region at the trailing-edge has grown from 𝛿 = 0.098𝑐 

for the 10° case to 𝛿 = 0.22𝑐 for the 16° case. Finally, the boundary layer profiles at 22° angle of attack show that 

the flow is fully separated at all three chordwise locations, reflecting the fully stalled nature of the airfoil at this angle 

of attack. 

 

Boundary layer velocity profiles for the NACA 16-506 airfoil are presented in Figure 14 below for four angles of 

attack at two chordwise positions on the airfoil suction surface. For the two pre-stall regime angles of attack, i.e., 0° 

and 8°, the velocity profiles are typical of attached boundary layers, with boundary layer growth evident towards the 

trailing-edge and as the angle of attack is increased. This is in contrast to the NACA 16-616 airfoil where small-scale 

 

 

(a) (b) 

  

(c) (d) 

Figure 13:  NACA 16-616 boundary layer velocity profiles at: (a) 𝜶 = 𝟎°, (b) 𝜶 = 𝟏𝟎°, (c) 𝜶 = 𝟏𝟔°, and 

(d) 𝜶 = 𝟐𝟐° angles of attack. 
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separation was indicated at the trailing-edge, even within the pre-stall regime. The boundary layer profiles at 10° angle 

of attack, i.e., at the upper limit of the stall regime, show interesting behavior as the flow is clearly separated at the 

further upstream location yet appears to still be attached at the trailing-edge. This is likely due to the thin-airfoil stall 

mechanism where a separation bubble develops over the mid-chord, including 𝑥 𝑐⁄ = 0.3 but not 𝑥 𝑐⁄ = 0.95 in this 

case, before eventually “bursting” and leading to flow separation across the airfoil chord, as is evident in the fully 

stalled 18° angle of attack case. 

  

(a) (b) 

 

 

(c) (d) 

Figure 14: NACA 16-506 boundary layer velocity profiles at: (a) α=0°, (b) α=8°, (c) α=10°, and (d) 

α=18° angles of attack. 

VII. Far-field sound from Amiet’s Model 

This section of the paper presents a theoretical prediction of the far-field sound radiated by the three airfoils, 

modelled using Amiet’s method [3]. Amiet’s model takes as an input a statistical description of the convecting surface 

pressure distribution with the key, underpinning, assumption that the turbulent velocity field is unaffected by the 

geometrical discontinuity at the trailing-edge, i.e. that the turbulence remains statistically stationary as it passes over 

the trailing-edge. In Amiet’s model, the far-field noise spectrum at an observer position 𝒙, 𝑆𝑃𝐿(𝑓, 𝒙), is given by 

  

𝑆𝑃𝐿(𝑓, 𝒙) = 𝐷(𝑓, 𝒙)|ℒ(𝑓)|2𝑙(𝑓)𝜙𝑝𝑝(𝑓), (1) 
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where 𝜙𝑝𝑝(𝑓) is the surface pressure spectrum at the trailing-edge, 𝑙(𝑓) is the spanwise coherence length, which 

quantifies the spanwise extent of turbulent structures in the boundary layer, 𝐷(𝑓, 𝒙) is a radiation term, and |ℒ(𝑓)| is 

the acoustically weighted airfoil response function. 

 

Figure 15 shows the prediction of the radiated far-field sound for each airfoil in the pre-stall regime and the stall 

and post-stall regimes. The stark impact of stall on the sound produced by each airfoil is immediately apparent, as is 

the impact of airfoil shape for a given flow regime. For each airfoil, predicted low frequency sound pressure levels 

are shown to increase as the airfoil stalls although the nature of the increase is airfoil dependent. For the NACA 16-

616 and NACA 0024 airfoils, a significant increase occurs only for frequencies below 𝑓 = 200Hz and 𝑓 = 300Hz 

respectively, whereas for the NACA 16-506 airfoil the sound pressure levels are significantly increased for all 

frequencies below 𝑓 = 1kHz. The similarity in behavior between the two thicker NACA 16-616 and NACA 0024 

airfoils is likely due to both airfoils experiencing a small-scale separation near to the trailing-edge in the pre-stall 

regime, effectively lessening the abrupt impact of stall on the flow at the trailing-edge. Conversely, the NACA 16-

506 airfoil experiences no such localized separation and consequently stall has a significant and abrupt effect on the 

flow at the trailing-edge and consequently the predicted far-field sound. 

 

  
(a) (b) 

  

(c) (d) 
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(e) (f) 

Figure 15: Prediction of radiated far-field sound pressure level based on Amiet’s model for: (a) NACA 

16-616 pre-stall regime, (b) NACA 16-616 stall and post-stall regimes, (c) NACA 16-506 pre-stall 

regime, (d) NACA 16-506 stall and post-stall regimes, (e) NACA 0024 pre-stall regime, and (f) NACA 

0024 stall and post-stall regimes. 

 

VIII. Conclusion 

Airfoil stall noise is a comparatively under-researched area within the field of aeroacoustics and consequently, there 

is limited data of it and few models for it. The primary purpose of the present study is to generate near-field 

hydrodynamic data for a range of airfoils and to investigate the effect of airfoil shape and stalling behavior on the 

predicted radiated far-field sound. To this end, this paper has presented an investigation of the hydrodynamic near-

field and predicted radiated acoustic far-field for three airfoils: NACA 16-616, NACA 16-506, and NACA 0024 

profiles. For each airfoil, three distinct flow regimes have been identified in the near-field static pressure and unsteady 

pressure fluctuation data, and additionally the stalling behavior for each has been identified. It has been demonstrated 

that airfoil shape has a significant impact on the near-field behavior, particularly with regards to the stalling behavior 

where the thicker NACA 16-616 and NACA 0024 airfoils are found to experience a secondary trailing-edge separation 

mechanism in addition the dominant leading-edge separation. Using Amiet’s model, the radiated acoustic far-field has 

been predicted for each airfoil and the effect of airfoil shape and stalling behavior on the sound has been demonstrated, 

with the thicker airfoils experiencing a less abrupt increase in predicted low frequency sound pressure levels likely 

due to the influence of the secondary trailing-edge separation mechanism. The dependency of predicted radiated far-

field sound on airfoil shape underlines the importance of the use of a broad dataset when developing models of airfoil 

stall noise.  
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