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Aeroacoustic Simulation of an Owl Wing Cross-Section Using 

Computational Fluid Dynamics 

Ferit YILDIZ*1, Sedat TOKGOZ1 

Abstract 

In this study, we aim to investigate the low noise flights of owls in terms of aerodynamics. The 

flow around cross-section of an owl wing, which is known for its nearly silent flight, is 

numerically analyzed using Computational Fluid Dynamics (CFD). The analysis are based on 

the parameters of angle of attack and the flight speed. The aerodynamic effects on the acoustic 

is compared in terms of vorticity and sound pressure level, where the frequency interval for the 

acoustic data is set to 0-7500Hz. It was seen that the vortical organisations around the airfoils 

are closely related to the acoustic results. The results show that the increase in both velocity 

and angle of attack affect the vorticity, thus lead to a rise in sound pressure level. It can be stated 

that the owl airfoil shape ensures a relatively silent flight. 

Keywords: Aerodynamics, airfoil, biological flow, Computational Fluid Dynamics 

 

1. INTRODUCTION 

The noise of aircrafts is a significant problem for 

the environment. Different solutions for 

developing low-noise aircrafts are investigated in 

the industry. Consequently, one of the best 

application of these subjects probably lies in 

nature itself. Birds, which are responsible for the 

desire of flying, are analyzed for further 

improvements in aviation [1, 2]. As a result of 

this, various properties of birds were implemented 

into aircraft designs to achieve new 

improvements in terms of aerodynamic, as well 

assilent flight [3].  

The wings of birds are adapted to operate over a 

wide range of flight styles, from the highly rigid 

geometries for gliding to the relatively flexible 
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kinematics for flapping [4, 5]. These flight styles 

are extended further during take-off, landing, and 

manoeuvering while flying at high angles of 

attack and generating highly unsteady flows. In 

most of the cases, all of these occur in turbulent 

flow conditions. Not only the flight style, also the 

physical appearance/feature of the wings play a 

critical role in the flight itself. For example, they 

can vary from narrow to wide wings or from sharp 

to rounded forms [4, 6, 7] Compared to narrow 

wings, wide wings can help a bird to glide longer 

at low flight speeds. Furthermore, to carry the 

prey up in the air, larger and wider wings provide 

additional lift [8]. If we focus on owls, relatively 

large, broad, rounded wings, with a large surface 

area relative to their weight, are seen. This low 

wing-load (body mass × 9.81 ms-2 / both wing 

areas) allows them to fly easily, without much 
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flapping. They can glide  for long periods, even at 

low flight speeds [9, 10]. 

Owls are known for their silent flights. They are 

using their hearing system to sense prey, therefore 

they need to reduce flight noise. Flying slowly is 

one choice, but to provide enough lift at low-

speed, the wing needs to be highly cambered [11]. 

In comparison to other similar birds, the owl wing 

cross-section profile shows a special camber and 

thickness distribution, which provides enough lift 

at low flight speed [12]. Considering this, together 

with the large wing area of owl wings, the special 

features (high camber, thinner profile towards 

trailing edge) are distributed throughout the 

whole wing, which makes the owl a nearly silent 

flying bird. 

Neuhaus et al. [13] examined the flight noise of a 

tawny owl (Strix aluco) and a mallard duck, with 

and without the serrations on the leading edge. 

The recorded noise during flight reaches its most 

intense range between 200 and 1500 Hz. 

Furthermore, wind tunnel experiments show that 

the flow over the owl wing has a more laminar 

flow character compared to the flow over wing of 

the duck and has lower flight noise with the 

serrations on the leading edge Ito [14] 

investigated a NACA63-414 profile with different 

number of teeths as serrations and two Reynolds 

numbers (2.1x104 and 2.1x105) to show the 

behavior of the flow at low and high speeds. By 

increasing the number of teeth on the wing, it is 

seen that the aerodynamic performance is 

improved in the low Reynolds number region, in 

turn, no significant changes are seen for the high 

Reynolds number region. Also, Mascha [15] 

mentioned the serrations on owl wings and 

identified the outstretched pennula (hair-like 

extensions of the feather) as a source of the mild 

wing layer of owls, which reduces the flight noise. 

Hertel [5] derived an explanation of how the 

velvet-like upper surface may prevent generated 

sound. He claimed that it acts as a kind of cushion 

so that it reduces the noise during flight. 

Geyer et al. [16] performed wind tunnel  and 

outdoor measurements to demonstrate the 

difference between the noise levels of the owl 

compared to the noise of non-silently flying birds. 

The outdoor experiment was carried out with an 

owl, flying over a microphone array. The wind 

tunnel measurements were performed with 

prepared wings (real wings of dead birds) of an 

owl, hawk, and kestrel at fifteen flight speeds 

between 5 m/s and 20 m/s at 0°, 8°, and 16° AOA.  

The outdoor flight noise was recorded between 

500 Hz and 10 kHz frequencies. The results of 

both experiments show that the owls generate less 

noise (60dB) than the other birds (75-90dB) used 

in the studies. No major noise difference was 

measured at low-frequency level. But for mid and 

high-frequency range, the owl outperformed the 

other birds in case of silence. 

In addition to the whole body or wing studies, 

investigations on 2D wing profiles can be found 

in the literature. Kondo et al. [17, 18] investigated 

the effect of the flow detachment around an airfoil 

(owl-like profile on the lift and drag coefficients 

using CFD. They concluded that the owl airfoil 

has a higher lift/drag ratio compared to 

NACA0002, NACA0012, and the Ishii airfoil. 

Anyoji et al. [19] performed experiments in the 

wind tunnel with an owl-like airfoil, where they 

visualized the flow and measured the lift and drag 

properties. Again, the high cambered airfoil (on 

the pressure side) showed a better lift/drag ratio 

compared to NACA0012. 

It is shown in the literature that carrying out 

acoustic experiments with living animals are 

mostly difficult, whereas body part samples are 

also hard to find [6, 12, 16]. Since the owl is well 

known for its nearly silent flight, the scope of this 

work is to numerically investigate the owl wing 

cross-section in terms of aerodynamics and 

aeroacoustics to obtain faster, and reasonable 

acoustic results, compared to experiments. 

Properties like flight speed and Angle of Attack 

(AoA) were investigated to understand the flow 

behavior in relation to the reported silent flight 

characteristics. The connection between vortices 

and acoustics were examined to realize the noise 

generation of the owl flight.  

2. NUMERICAL SET-UP AND DESIGN 

In this section, the setup of the numerical analysis 

will be described, whereas a brief explanation 

about the design and meshing process will be 
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explained. All numerical analysis in this paper 

were performed using ANSYS Fluent software. 

2.1. Computational Details 

2.1.1. Turbulence Model 

For simple cases of turbulent flow, equations can 

be solved directly, whereas, in complex turbulent 

flows, CFD simulations predict the outcome of 

turbulence with the help of turbulence models. 

These turbulence models are simplified equations 

that predict the statistical formation of turbulent 

flows [20]. In order to choose the most suitable 

turbulence model, the case which is going to be 

solved must be defined properly. Two common 

approaches can be seen in CFD, which are Large-

eddy simulation (LES) and Reynolds-averaged 

Navier-Stokes (RANS). LES is a transient 

technique in which the large eddies are resolved 

directly, while small eddies are modeled. On the 

other hand, the RANS use the Navier-Stokes 

equations (as time-averaged) without filtration, 

while Reynolds stresses are solved directly [21]. 

Remaining turbulence models are based on these 

two approaches [22]. 

RANS and LES models have their pros and cons. 

In comparison to RANS models, LES is able to 

predict the vortex shedding and flow recirculation 

accurately. In contrast, LES has to be run for a 

sufficiently long flow-time to obtain a stable 

solution and can only be applied to 3D models. 

This leads to computational costs, which are 

higher than that of the steady RANS calculations. 

On the other hand,  Detached-Eddy-Simulation 

(DES), which is a hybrid LES-RANS model. This 

model uses the RANS for the wall limited flows, 

whereas the LES for the far-field. The DES model 

requires more computational costs than RANS 

but requires less than LES [21, 22]. 

Spalart-Allmaras is a low Reynolds number 

turbulence model, which is developed for 

aerodynamic applications.  This model has some 

weakness in computing shear flow, separated 

flow, or decaying turbulence, but it’s 

advantageous in terms of convergence and 

stability [22]. For example X. Liu and X. Liu [23] 

used this model in the steady flow over an owl-

wing-based airfoil for pressure and velocity 

coupling. The Spalart-Allmaras model has been 

shown to realize decent results for applications 

involving wall-restricted flows and boundary 

layers subjected to reverse pressure gradients 

[24]. Therefore, the Spalart-Allmaras was 

selected for the steady analysis as turbulence 

model. The DES, with Spalart-Allmaras as a 

submodel, was chosen for the transient cases, 

because of its capabilities of solving the wall-

bounded and far-field flows better than RANS 

models. The submodel decision was made so that 

the analysis all have the same RANS model. In 

general, better vortex shedding and turbulence 

resolution was obtained compared to RANS, 

whereas computational costs were much less than 

LES. 

2.1.2. Acoustic Model 

There are different approaches to calculate the 

aeroacoustic field from flow field,where in 

Lighthill’s acoustic analogy, Lighthill generated a 

wave equation by using the Navier-Stokes and 

continuity equations. This approach not only 

consists of the generated noise, but also includes 

the flow convection and the gradual dissipations 

by conduction and viscosity [25]. Unfortunately, 

Lighthill’s analogy cannot describe kinematic 

effects, because refraction at shear- or boundary 

layers appear as sources. Several generalized 

wave equations have been derived after Lighthill, 

in the attempt to isolate those drawbacks, which 

could be stated as true sources of the sound [25, 

26]. 

An essential part of aeroacoustics is the sound 

source characteristics.  Consequently, it is 

important to understand the monopole, dipole, 

and quadrupole sources, which are very important 

to explain aerodynamically generated noise. The 

monopole is defined as a single, spherical sound 

source which radiates waves inward or outward. 

On the other hand, the dipole can be realized as 

two out of phase monopoles with the same 

strength, where the quadrupole is alike and 

consists of two out of phase dipoles [27]. This 

forms the basis to describe the relation between 

noise and flow. Both vortex and monopole have a 

direction, a strength and are based on velocity, 
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whereas they also can interact with each other and 

form new structures. While monopoles form new 

type of sources (dipole, quadrupole), the same 

situation occurs also in vortices, which can form 

complex structures by affecting one another. 

ANSYS Fluent offers one acoustic source 

equation, the Ffowcs-Williams & Hawkings 

(FW-H) wave equation. In general, it takes the 

Lighthill’s equation as a base, where a control 

surface is used to retain the monopole and dipole 

sources. Despite that, the effect of quadrupole 

sources, which are outside of the control surface, 

can be added with the Lighthill Tensor [26]. 

Combining this acoustic model with the DES 

turbulence model, the aeroacoustic behavior of 

the owl wing profile is described in terms of 

sound pressure (dB). 

2.2. Design, Mesh, Numerical Setup, and Flow 

Conditions 

2.2.1. Design 

It is hard to define a standard 2D profile for avian 

wings, since they vary from bird to bird, from 

species to species. Different methods are used to 

define standard profiles for specific birds. In some 

studies, it is possible to find pairing approaches in 

which each bird's wing is associated with the most 

alike standard airfoil profile [28]. Others tried to 

scan a real wing and reproduce it in a 

computational environment. A 3D non-contact 

laser scanner[12], Projected pattern correlation 

technique [29], or a clinical tomography scanner 

are some of these kinds of methods [6]. 

For this study, the owl wing profile given by Liu 

et al. [12] is used as an airfoil profile (Figure 1) 

for the following CFD analysis. The owl profile is 

extracted from the cross-section at 40% of the 

wingspan. 

 

Figure 1 2D profile of an owl and the near-field 

mesh 

2.2.2. Mesh 

The mesh and the domain around the airfoil are 

shown in Figure 1 and Figure 2, respectively. The 

distances from the airfoils leading-edge to the 

upstream and downstream boundaries are 20x and 

40x chords, respectively.  

 

Figure 2 Domain of airfoil. Red line: inlet velocity 

boundary. Yellow line: pressure outlet 

boundary 

The grid independency study shows five cases for 

possible meshing process (Table 1). The reference 

case is selected as case 4, where both near-field 

and far-field meshes are set as fine, relative to the 

first three cases. Since, the mesh around the airfoil 

had a poor resolution for case 1 and 2, the vortex 

shedding was affected in a negative way, which 

was the reason that these meshes were not 

suitable. On the other hand, case 3 had a finer 
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near-field mesh resolution, which was necessary 

for our study. It is found that the lower quality 

mesh in the far-field didn’t affect the analysis in 

the near-field, since the main objective of this 

study was around the near-field. Due to limited 

computational resources, case 3 is determined as 

the optimal case instead of case 4 or case 5, where 

the mesh quality in the far-field is set between 

coarse and medium, whereas the near-field mesh 

quality is between medium and fine (case 3 in 

Table 1). The minimum grid size on the airfoil 

edge is 10-3, while the average skewness is 0.13 

and the average orthogonal quality is 0.97. 

Table 1 Grid independency study 

 

2.2.3. Numerical Setup and Flow Conditions 

According to Neuhaus et al. [13], the  flight speed 

range of the owl is only about 6 to 10 m/s, where 

Mebs and Scherziger [9] stated that flight speeds 

of owls are in the range of 2.5 m/s to 7 m/s. 

Considering this, the maximum and minimum 

velocities investigated in this study are chosen as 

2.5 m/s and 10 m/s. Additionally, 5 m/s is also 

selected to represent the medium speeds. Chord 

based Reynolds numbers are 2.6×104, 5.2×104, 

and 10.5×104. There is also a wide range of 

options for AOA, but 0°, 5°, and 10° were chosen 

according to gliding flight angles of owls [17, 18, 

23, 30]. 

The same timestep number was selected for all 

cases to keep the same analyze period, which is 

important for studying the vortex shedding. For 

the vorticity results, the timestep is set to (Δt) 10-

3s, whereas an analysis for 2s is ensured. The 

numerical setup for the acoustic analysis depends 

on the Nyquist–Shannon sampling theorem. As 

stated by Sarradj et al. [31], at frequencies higher 

than 6.3 kHz the owl-generated noise couldn’t be 

measured with microphones. Therefore, a max 

frequency of 7.5 kHz is considered sufficient for 

the acoustic analysis, which corresponds to a 

sampling frequency of 15 kHz. Here, a timestep 

value of Δt = 6.6×10-5s required, while the 

timestep number of 1.5×104 provides a flow time 

of 1s. 

Vortex shedding is a significant mechanism 

which connects the aerodynamics and acoustics. 

The formation location, intensity and dimension 

(diameter) of different vortices lead to various 

sound pressure levels and noise locations in 

different frequency zones. Hereby, the vortices at 

specific instances should be analysed for this, 

which is the major reason of the unsteady 

incompressible flow analysis in this study [20, 22, 

26]. 

Moreover, acoustic receivers are needed to be 

defined for the FW-H acoustic model. It is found 

in the literature that in wind tunnel measurements 

the receiver positions are located between 0.6-1 m 

from the airfoil, and distributed around the wing 

specimens at every 24 degrees  [16, 32-34]. 

However, in numerical analysis, microphone 

distances and spacings are chord length based(e.g. 

15x chord or 18x chord away from leading edge  

with 30° spacing) [23, 35]. In this study, the 

receiver placement is accomplished within a 

radius of 1.5 m from the leading-edge, which 

corresponds to 10 times the chord length, with an 

angular difference of 20˚ between the receivers. A 

total number of 18 receivers are placed around the 

airfoil as shown in Figure 3. 

3. RESULTS 

The results in this section are given in terms of 

vorticity and acoustic analysis for different 

freestream velocities and AoA’s. The transient 

vorticity results are investigated in four equally 

spaced instant (0.5 seconds between steps). The 

results of the intermediate steps are not shown for 

simplicity. The acoustic analysis of the owl 

flightwas performed in terms of sound pressure 

level (dB). 
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3.1. Vorticity 

In order to understand the effects of the freestream 

velocities and AoA’s to the flow behaviour, a 

general look at the topology of the flow is 

required. The results in Figure 3a-d show that the 

flow is relatively smooth and the vortices are 

periodical. Positive vortices form at an early point 

(compared to Figure 3e-h and Figure 3i-l) at the 

leading-edge pressure side, whereas the suction 

side flow is smooth and mostly attached to the 

boundary layer. Moving to the 5 m/s case (Figure 

3e-h), both the positive and negative vortices 

became larger relative to the 2.5 m/s case (Figure 

3a-d). Here, the vortices on the suction side get 

bigger in diameter. Also at the trailing-edge, an 

interaction between the negative and positive 

vortices can be seen more clearly. Comparing the 

two cases (Figure 3a-d and Figure e-h) at each 

time step, the flow pattern looks quite similar, 

especially the positive vortex pattern. The 10 m/s 

(Figure 3i-l) results contain larger vortices 

compared to those two cases, which is expected 

for increased velocities. Positive-negative vortex 

interaction can be seen on both sides of the airfoil, 

while at the suction side near the trailing-edge 

positive vortices force the flow to separate from 

an earlier point of the airfoil surface compared to 

other two cases. Furthermore,  interactions of 

vortices intensify in the downstream of the 

trailing-edge. Because of the special camber 

structure of the owl profile , it is expected that the 

positive (clockwise) vortex shedding starts at a 

point near the leading edge of the profile, 

especially at small AOA’s e.g 0°. 

 

Figure 3 Vorticity distributions of AOA=0° for owl airfoil in four equally spaced instants 

If we focus on the results of AoA=5° (Figure 4), 

the first point that stands out is the separation of 

the vortices at approximately the half chord 

length, whereas for the 0° AoA results (Figure 3) 

the separation point is closer to the trailing-edge 

(at approx. 75% of the chord). It can be concluded 

that this an outcome of the increase in AoA since 

the freestream velocity values didn’t change. 

Another result of this change is that the negative 

vortices start to grow and get even larger than the 

positive vortices on the pressure side. For the 10 

m/s case, at the suction side at 50% of the chord, 

the negative vortex grows over the positive vortex 

and traps it between the airfoil’s surface. This 

indicates a separation bubble formation in the 

flow. 
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Figure 4 Vorticity distributions of AOA=5° for owl airfoil in four equally spaced instants 

If we focus at the trailing-edge of the 5° case 

(Figure 4), the positive vortices on the pressure 

side initially move in a vertical direction, and then 

move in the downstream direction after 

interacting with the negative vortices. It can be 

due to the geometry of the owl airfoil’s trailing-

edge, which is sloping upward. Furthermore, 

different trailing edge geometries  are seen in all 

three profiles. This leads to different interactions 

of vortices, which can affect the flow and the 

acoustic characteristics of each  wing profile. 

The results of AoA=10° cases are given in Figure 

5. At this AoA the flow separate from an earlier 

point on the airfoil. The separation points of the 

negative vortices shift upstream to the leading-

edge and reaches almost 25% of the chord length.. 

A similar effect is also seen in the 5° AoA cases 

(Figure 4).  

In general, the 2.5 m/s cases (Figure 3) have small 

vortex shedding, while the 5 m/s and 10 m/s cases 

show rather greater vortex shedding. It is clearly 

seen that the airfoil is better adapted to the flow at 

2.5 m/s. Because the flow stays attached at the 

pressure side at this velocity, which is the desired 

to produce lift more efficiently. Furthermore, it is 

also known that, in general the owls fly slower 

than other birds [9, 13].  
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Figure 5 Vorticity distributions of AOA=10° for owl airfoil in four equally spaced instants 

If we focus on the vortex dimensions, the 

diameter doubled from 2.5 m/s to 5 m/s, and 

almost tripled from 2.5 m/s to 10 m/s. Different 

from the other two cases, the 10° AOA results 

(Figure 5) demonstrate vortex interactions, which 

indicate the previously mentioned dipole and 

quadrupole sources. The image at 0.5s for the 10 

m/s case (Figure 5i) is an example for dipoles, 

whereas image at 2.0s for the 10 m/s (Figure 5l) 

indicates a quadrupole. These sources are also 

seen in Figure 5e-h, while vortices with much 

smaller diameters are present in Figure 4e-h and 

Figure 4i-l. 

3.2. Acoustic Results 

In this section, the results of the acoustic analysis 

of the owl are investigated in terms of sound 

pressure level (dB). As mentioned in the previous 

chapter, the 5° (Figure 4e-l) and  10° (Figure 5e-

l) cases are selected for aeroacoustic 

investigations. The aerodynamically generated 

noise is measured at the receivers, which are 

placed around the airfoil at a distance of 10 times 

the chord lengths (i.e. 1.5 m). The receivers are 

placed starting from the trailing-edge (0° 

receiver) and continues in a counter-clockwise 

direction with 20° increments (see Figure 7). 

First, similar to the literature [23, 31, 35] the 

acoustic data at the 0° receiver (Figure 6) is 

investigated to find the maximum sound pressure 

level in a range between 0-7500 Hz. After that, the 

maximum sound pressure level (SPL) is 

examined together with the remaining 17 

receivers in a radar chart (Figure 7).  

 Following the approaches in the literature, the 

acoustic results in this section, are given relative 

to so-called “the reference acoustic pressure”. In 

the literature, it is defined as the threshold of 

hearing for humans and has a value of 2x10-5 Pa 

(=0 dB) [16, 36]. The negative sound pressure 

levels should be understood as values, which are 

below the reference acoustic pressure. 

3.2.1. Sound Pressure Level 

 In Figure 6, the maximum SPL is located in a 

frequency interval of 20 - 120 Hz with a 

maximum SPL of 17dB for the case in Figure 4e-

h. By increasing the velocity to 10 m/s, the SPL 

rises almost to 40dB for the same AoA. Here, the 

width of the SPL peak increases and propagates 

to a wider frequency range of 90 – 290 Hz. When 
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the AoA is increased to 10°, the effect of AoA on 

SPL can be clearly seen. The maximum SPL is 

around 25dB with a width of approximately 15-

60 Hz for Figure 5e-h, and around 40dB at 40 – 

170 Hz forFigure 5i-l.  

At AoA=10°, the SPL decreases below the 

reference acoustic pressure level (RAPL) (i.e. 0 

dB) around 2250 Hz. On the other hand, the SPL 

of the AoA=5° cases falls below the RAPL 

around 500 Hz. However, with these results, it is 

concluded that the acoustic advantage (silent 

flight) of the owl is reduced at AoA=10°, 

especially at 10 m/s freestream velocity. 

Furthermore, the maximum sound pressure values 

in all cases are seen at low frequencies. A possible 

explanation can be that the freestream velocity is 

not high enough to form high-frequency vortices 

or the AoA is too small to shed vortices in higher 

frequencies. Another notable point is seen in 

Figure 6b and Figure 6c cases, where the sound 

pressure levels are almost at the same level after 

3000 Hz.  This can be an outcome of the crosswise 

increase in the freestream velocity and the AoA 

(respectively for Figure 6b and 6c), which can 

affect the flow in the same way.  

 

Figure 6 Sound pressure level between 0-7500 Hz for 5° and 10° AoA. Receiver is located at the trailing edge 

(0°). AoA=5° V=5 m/s (a) (red), AoA=5° V=10 m/s (b) (blue), AoA=10° V=5 m/s (c) (black), AoA=10° 

V=10 m/s (d) (green) 

Liu et al. [23] found the maximum SPL (25-30 

dB) at around 192 Hz for the similar owl airfoil in 

a numerical analysis (AoA=0°-9° and V= 7.5 m/s 

as boundary conditions), which verifies the results 

in this study. Also, the  SPL distribution at 10 m/s 

freestream velocity for an owl airfoil obtained 

numerically by Li et al. [35] (23-40 dB) is similar 

to our results at the same velocity (i.e. 30-45 dB). 

The slight differences can be related to chord 

length, as Li et al. used 100 mm, whereas the 

chord length in our case is 150 mm. The 

experimental results in the study of Sarradj et al. 

[31] show that the maximum SPL for the owl and 

hawk is around 20 dB at regular flight speeds, 

which is comparable to our findings of 15-30 dB 

at 5 m/s. This can be compared with the 5 m/s data 

of this study because the  flight speed range for 

the owl is around 2.5-10 m/s [9, 13].  

In Figure 7 , the SPL distribution around the 

airfoil s are presented. The results are plotted for 

average SPL values at the receiver locations for 

the maximum frequency interval of the owl wing 

profile. These values are calculated to smooth out 

the fluctuating data at the maximum frequency 

interval and are referred to as overall sound 

pressure levels (OSPL) in this study. The 

maximum frequency intervals were mentioned in 

the previous section, where the range for Figure 

7a is 20 – 120 Hz, for Figure 7b is 90 – 290 Hz, 

for Figure 7c is 15 – 70 Hz and for Figure 7d is 40 

– 170 Hz. 
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For Figure 7a and Figure 7c cases, it can be said 

that the OSPL’s lie between 26-28dB. With the 

increase of the velocity to 10 m/s, the OSPL 

increases to 45dB on average, which corresponds 

to an increase of approximately 15dB compared 

to the 5 m/s case. As an overview, between the 

receivers at 0°-340° (at trailing-edge pressure side 

region) and 140°-160° (at leading-edge suction 

side region), a same pattern of OSPL is noticed. 

A possible explanation can be that the vorticity 

characteristics   at the leading and trailing edge 

have a similar effect on the sound pressure level. 

It is known that the flight speed range of the owl 

is around 2.5-10 m/s, which was also mentioned 

before in this study. Consequently, the OSPL 

behavior in 5 m/s freestream velocity conditions 

shows that the owl wing profile generates less 

noise compared to the 10 m/s conditions, 

regardless of the AoA. 

 

Figure 7 OSPL distribution around the owl airfoil. 

5°AoA - 5 m/s (a)(red), 5°AOA - 10 m/s 

(b)(blue), 10°AOA - 5 m/s (c)(black), 

10°AOA - 10 m/s (d)(green). Black dots 

represent the locations of the receivers. The 

frequency interval in the radar charts 

corresponds to the maximum SPL range. 

Airfoil is drawn to indicate the relative AoA 

with respect to the receivers. Therefore the 

chord length, and the distance between the 

leading edge of the airfoil and the receivers 

are not to scale 

4. CONCLUSION 

The objective of this study is to investigate the 

flow characteristics of the owl’s wing profile, and 

its effect on the silent flight of the owls. For this 

purpose, typical values that describe the 

properties of the owl are chosen and analyzed 

with 2D computational fluid dynamics tools. In 

order to represent the gliding flight, freestream 

velocities are chosen as 2.5 m/s, 5 m/s, and 10 

m/s, whereas the angle of attacks are taken as 0°, 

5°, and 10°.  

As a brief summary of both vorticity and acoustic 

results, it is seen that each investigated 

characteristic of the vortices have an impact on 

the SPL. The effect of the formation position of 

the vortices on the noise distribution can be seen 

in Figure 7. On the other hand, the vortex intensity 

and dimension have an influence on the SPL, 

whereas the vortex shedding (or occurrence 

frequency) is related to the frequency-dependent 

SPL (Figure 6). To understand the acoustic 

behavior of the owl wing profile, transient 

analyses are carried out over time. In general, the 

results show that all the cases with 2.5 m/s 

freestream velocity and 0° AoA have small 

vortices in the field, and almost no vortex 

interactions are observed. Since the vortices for 5 

m/s and 10 m/s are larger and have more 

interaction between eachother, it is expected that 

the noise generation would be greater compared 

to 2.5 m/s. This can be seen in the vortex 

diameters, where it doubled from 2.5 m/s to 5 m/s, 

and almost tripled from 2.5 m/s to 10 m/s. 

The results of the acoustic charachteristics of the 

owl airfoil show that in a frequency range 

between 0 – 2250 Hz, it generates the least noise 

at 5 m/s freestream velocity regardless of the 

AoA. The max SPL increases almost 80% from 5 

m/s to 10 m/s, where the values share similarities 

with the literature. Investigations of the SPL 

distribution around the airfoil show that the owl 

has a similar sound distribution at the trailing-

edge (at 0° and 340° receivers) and leading-edge 

(at 140° and 160° receivers). Thus, the flow 

behaviour at the leading and trailing edge are alike 

and affects the SPL in the same way. It is known 

that it has a flight speed range of 2.5-10 m/s , 
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which explains why it generated more noise at 10 

m/s freestream velocity conditions. Furthermore, 

the max SPL of the owl airfoil is located directly 

above and underneath the profile, whereas the min 

SPL is around the leading- and trailing-edge zone. 

In general, investigated flow characteristics 

around the owl wing profile are in agreement with 

the “nearly silent flight” observations of the owl. 
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