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ABSTRACT 
This review aims to assist aerodynamic noise in three industrial fields: 

Aerospace, Turbomachinery and Automotive. In this review the general 

terms in aeroacoustics is defined; and aerodynamic noise sources are 

recognized. The paper also reviews the brief literature on noise reduction 

techniques, with a particular focus on the state of the art numerical and 

experimental works. In Addition, developments in low speed designs for 

aerodynamic noise reduction, some passive and active methods for 

example serrated boundaries, porous media, noise absorber, and etc. are 

discussed. By investigating similarities in noise reduction techniques 

between these industries, this paper offers an outlook for noise reduction 

techniques in future. 

 
 

1. INTRODUCTION  
Sound is defined as Oscillation in pressure, stress, particle movement, particle velocity, etc., 
generated in a medium with internal forces (e.g., elastic or viscous) and auditory sensation 
elicited by this oscillation [1]. Unwanted sound, or noise, can adversely affect our 
productivity, health, security, and quality of life. Noise generated by fans, vehicles, wind 
turbines, and propulsion systems are major contributors to this unwanted sound [2]. Acoustics 
is the incorporative science that accords with the study of mechanical waves in gases, liquids, 
and solids [3]. 

The noise source divides into two main categories: vibro-acoustics and aeroacoustics. 
Vibro-acoustics (noise-induced by structural) is the noise generated by the operation of 
equipment such as an engine that causes vibration in panels and surfaces. Vibro-acoustics 
noise also known as structure borne noise. On the other hand, the noise generated by air is 
called airborne or aeroacoustics noise. Aeroacoustics is a multidisciplinary engineering field 
that includes scientific subjects of the fluid mechanics and the classical acoustics. 
Aeroacoustics is also the study of noise generation by airflows, and the way in which 
aerodynamic systems can be designed to minimize noise [2]. In this field, the generation of 
sound by aerodynamic forces or flow perturbations is studied. In other words, aeroacoustics 
is a branch of acoustic science that studies the production of noise by turbulent flow, the noise 
generated by the impact of aerodynamic forces on surfaces, and/or the noise generated by 
periodic change in flow. Generally, Aerodynamic noise is often due to two completely 
different sources. The first one is related to the sound of surfaces movement in unsteady flow. 
The effect of displacement of a body in fluid and aerodynamic forces, cause pressure 
fluctuations that generate noise. 
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The aerodynamic noise mainly comes from rotating systems (such as helicopter rotors, wind 
turbines, turbine engines and fans [4]. The second noise source or aeroacoustics mechanism 
is the result of turbulent flow, which exist in almost all engineering applications. Turbulence 
has a random nature and has a wide range of frequencies. The turbulent energy can be 
converted into acoustic energy. This energy conversion is often complete in areas of sharp 
edges, such as trailing edge of an aircraft wing. The other major source of sound is the jet 
stream, which combines shear layers to propagate sound. It is the act of combustion, which is 
the result of chemical interactions and the entrance of energy into the flow. 

According to the above, the noise of turbulence flow usually exists. Fig 1 shows 
schematically the different sources of noise. For example, turbulent boundary layer flow, 
vortex shedding or shear layers noise [5]. 

 

 
Fig 1. Noise source due to turbulence flow [5] 
 

Until now, no integrated scientific theory of the emission of noise by aerodynamic flows 
has been established, most constructive aeroacoustics analysis relies on the so-called 
aeroacoustics analogy [6] which published by Sir James Lighthill in the 1950s [7]. In the first 
studies, experimental approach is used to estimate the propagation of sound waves. But 
nowadays, along with the increasing the computational power of computers, numerical 
simulations of noise generated by fluid flow, called Computational Aero-Acoustic (CAA), has 
been widely used by researchers [8–11]. 
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Fig 2. Noise Source Prediction approaches 
 

In literature there are many definitions of CAA, but generally CAA is a branch of 
aeroacoustics that aims to analyze the emission of Aerodynamic noise through numerical 
methods .CAA use special numerical methods and related techniques, such as Lighthill 
acoustic analysis [6], Kirchhoff method [12], Ffowcs Williams-Hawkins equations [5], to 
capture acoustic phenomena. According to Fig 2, The CAA can be divided into two categories: 
direct and hybrid methods. In direct methods, noise generation and propagating phenomena, 
solve simultaneously. While hybrid methods use computational fluid dynamics (CFD) 
techniques and acoustic solver methods separately, In other words hybrid methods use CFD 
to solve flow field and numerical acoustic methods to find sound sources [13, 14]. One of the 
best hybrid CFD-CAA approaches consists of a large-eddy simulation (LES) to compute the 
unsteady turbulent flow field and a consequent CAA step, in which, e.g., the acoustic 
perturbation equations (APE) are solved [15] 

It always has been difficult to calculate the noise generated by fluid flow due to the 
nonlinear governing equations. In addition to conducting experimental tests, there are many 
problems in calculating wind noise, such as separating background noise, as well as the model 
scale problem according to the Strouhal and Reynolds numbers. Nevertheless, todays many 
studies have been conducted by using the CFD and CAA tools in the field of the acoustic 
source mechanisms, noise prediction and aerodynamic noise reduction technologies, 
especially in aerospace engineering [4]. 

Aeroacoustics computing has a long history in fluid mechanics. Gutin (1948) published 
the first of these attempts in Russia [16]. Understanding the physical mechanism of 
aerodynamic noise generation is an important step to reduce or control noise emissions. As it 
mentioned above the basic principles of aerodynamic noise prediction in infinite flow using 
acoustic analogs first obtained by LightHill [6]; Curl [17] extended mentioned studies by 
considering the presence of solid boundaries in the flow field. Ffowcs Williams-Hawkins [5] 
proposed a method for considering the effects of moving surface on noise emission. The 
Ffowcs Williams-Hawkins formula derives from general form of LightHill acoustic analogy 
and it is able to calculate the noise produced by several acoustic sources. In this method, 
several surfaces can be considered as the noise source and receiver. Receivers can also be 
considered as stationary or moving at a constant speed [18]. This method assumes that there 
is no barrier between the noise sources and the receivers. Therefore, this method can be used 
to predict noise from external aerodynamic flows [5]. LightHill has also proved that 
aerodynamic noise sources can be categorized into several sets of monopole, dipole, and 
quadruple.  
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Monopole sources represent the noise generated by fluid flow fluctuation due to the motion 
of the surfaces, dipole sources represent the noise generated due to the oscillations of force on 
the surface of the things, and quadruple sources represent the sound generated due to flow 
stresses fluctuations out of surfaces [5]. 

This paper outlines some applications for noise control in Aerospace, Automotive, and 
turbomachinery industries; also, critical noise source is reviewed, Highlights of aero noise 
control technique with an emphasis on cutting edge technologies is presented along with 
representative results and relevant conclusions. The main approach of authors in this review 
is the synergy of noise control technologies between different industries. 

 
2. AEROACOUSTICS IN AEROSPACE INDUSTRIES 
As noise problem became a major environmental challenge over the past years, the aerospace 
industries have paid special attention to Aeroacoustics for the design of aircraft. The 
worldwide air traffic is expected to double every 15 years and the annoyance to the 
population living in the vicinity of airports should at least remain the same [19]. It is obvious 
that more flights could be allowed if noiseless aircraft were used. Reducing aircraft noise 
is depend on many components such as wing or engine noise. 

ICAO has adopted rules for Take-off and landing phases of aircraft noise that is mainly from 
the engine. According to the 2006 standard [20], aircraft should have a noise reduction of 
about 10 dB compared to the 2002 standard [21]. The details of how to measure sound are 
as shown in Fig 3. 
 

 
Fig 3. Noise measurement method [22] 
 

The mentioned rules have made aircraft jet noise reduction to a noticeable issue in 
aeroacoustics researches. The main sources of noise in an aircraft are included aerodynamic 
noise, noise from aircraft systems, engines, and mechanical noise. Aircraft engines are the main 
sources of aircraft noise, especially when the aircraft is operating near the airport during take-
off and landing operating conditions [22]. 

Engine noise generally is due to the fan (including stators), outlet (the jet flow), the 
compressor, the combustion chamber, and the turbine; especially jet flow noise and fan noise 
are more important than other sources. It is generally desirable to reduce noise level without 
any effect on efficiency, which has been a challenge for recent years [22]. 
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Clearly, the high-velocity jet flow ejecting out of the engine nozzle has inherent instability 
of the shear layer. This unstable flow resulting in vortices that eventually collapses into the 
turbulence zone where the jet noise source is generated. Various methods have proposed for 
reducing engine jet noise, without affecting other design parameters of the propulsion system. 
Some of these methods are the variable output nozzle using memory alloys [23–25], fan flow 
deflector [26–28] and the sinusoidal nozzles [29–31] as shown in Fig 4. 

Since 1996, many numerical and experimental studies on the performance of the serrated 
nozzles are conducted [32]. 
 

 
Fig 4. Some example of serrated Nozzles [32] 
 

It can be concluded that the main source of noise in the nozzle is turbulent shear layer. 
Shear layer exists in downstream of flying objects, fluid jet and mixing layers and its main 
characteristic is formation and combination of vortices. These layers are very important 
because they dissipate energy and generate sound. 

Due to the difference between the central flow and around flow at nozzle outlet, a shear 
layer is formed as shown in Fig 5. These turbulent structures have different length scales. 
Small vortices are created near the jet outlet and propagate in directions perpendicular to the 
jet outlet. These vortices grow as shear layers and gradually interact with small-scale turbulent 
structures. Large- scale turbulent structures also emit noise in the downstream direction [33]. 

In the aerospace field and in the case of airfoil, Chong et al. [34], by using trailing edge 
serration (Fig 6), achieved good results in noise reduction of an airfoil. Jaworski et al. [34] by 
using elastic material and Gruber et al. [35] by using combined trailing edge and leading-edge 
serrations (Fig 7) in a tandem airfoil attained acceptable outcomes. 
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Fig 5. Free shear layer [33] 

 

 
Fig 6. Test Cases which used in Chong et al. [34] work 
 

 
Fig 7. Test Cases which used in Gruber et al. [35] work 
 

Strawn et al. [36] studied the aeroacoustics signal of a helicopter in forward and hover 
flight. They used the finite volume numerical method to solve the Euler and Kirchhoff 
equations for modeling the transmission of acoustic signal to the far-field flow. Their study 
showed that the acoustic oscillations obtained at high speeds in forward flight had good 
agreement with the experimental data. 
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Recently Appelbaum et al. [37] performed a aeroacoustics simulation of a Gulfstream G-
III aircraft by using PowerFlow software at Mach number of 0.23 and Reynolds number equals 
to 10.5 million (Fig 8). They investigated the noise in different flight phases by considering  
 

 
Fig 8. Airplane model used by Appelbaum et al. [37] 
 

 
Fig 9. Flap change effects modeled by Appelbaum et al. [37] 
 

 
Fig 10. The effect of mesh size on Power spectral density studied by  
Appelbaum et al. [37] 
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the effect of flap deflection (Fig 9), closing or opening landing gear. They used Ffowcs 
Williams-Hawkins method for simulating acoustic, and the Boltzmann method for simulating 
flow field. 

As shown in Fig 10, in the mentioned simulation, the effects of three different mesh sizes 
are evaluated. This study showed that the grid size absolutely could affect the results, 
especially at high frequencies. 

By investigating the effects of the flap angle on the noise level (According to Fig 11), their 
result showed, when comparing the effect of the Main Landing Gear (MLG) only, an increase 
of 20 dB is seen across the entire spectrum. Comparing the effect of flap deflection, an increase 
over the entire frequency range becomes visible. Their results also showed that, the drop-off 
remains at a constant level because of the strong noise sources at the flap edges. 

Arcondoulis et al. [38] presented a numerical and experimental study of noise in a cylinder 
coated with a porous media (Fig 12). Study of the flow through the cylinder is a common test 
case in aerodynamic. The flow studied in Reynolds numbers from 0.08 to 0.02 million. Three 
types of porous surfaces with different porosity levels including polyurethane, metal foam and 
structured evaluated and their results showed that using the porous surface, specially 
polyurethane foam is effective in reducing the tonal noise caused by vortex shedding (Fig 13) 
[38]. 
 

 
Fig 11. The effect of flap angle on Power spectral density studied by Appelbaum 
et al. [37] 
 

 
Fig 12. Different porous cylinder studied by Arcondoulis et al. [38] 
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Biedermann et al. [39] investigated the effect of using serrated trailing edge (as shown in 

Fig 14) on aerodynamic noise of an airfoil. The past studies have showed serrated trailing edge 
is very effective in stall angle delay, but aeroacoustics consideration with this control method 
discussed in this paper. Their model was Airfoil NACA65 (12)-10 and the noise measurement 
method was beam forming as shown in Fig 15. 
 

 
Fig 13. Comparison between three types of foam in different Reynolds studied by 
Arcondoulis et al. [3] 

 

 
Fig 14. Serrated airfoil studied by Biedermann et al. [39] 
 

As shown in Fig 16, the results showed that the noise can be reduced by this method about 
12 dB. The results also disclosed a strong dependency of inlet turbulence intensity on the noise 
level and high turbulence of the inlet flow improves the aeroacoustics performance. The effect 
of the angle of attack (as shown in Fig 17) also investigated in this paper [39]. 

Chirico et al. [40] investigated the aeroacoustics performance of the Fokker-50 engine’s 
propeller (Fig 18). As shown in Fig 19, various propeller and hub designs evaluated [40]. 
Their result of the sound pressure levels for modified designs relative to the baseline propeller  
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showed that the off-loaded tip blade has tones at lower frequencies, was lower than the 
Baseline design, with an appreciable noise level reduction up to at least the fourth tone. 
Staggered and Unequally Spaced designs had tones also at multiples of BPF1s/2. 
 

 
Fig 15. The location of microphones in the Biedermann et al. [39] test stand 
 

 
Fig 16. The effect of serrated shape studied by Biedermann et al. [39] 
 

In a work recently published by Li et al. [41] the three-element airfoil 30p30N in the high 
lift condition experimentally investigated (Fig 20). According to their results as shown in Fig 
21 the tonal noise decreased with increasing angle of attack. 

  



171 Int. Jnl. of Multiphysics Volume 14 · Number 2 · 2020 

 

 

 
Fig 17. The effect of angle of attack studied by Biedermann et al. [39] 

 

 
Fig 18. Modified propeller geometries vs Baseline design, which investigated by 
Chirico et al. [40] 

 

 
Fig 19. Sound pressure level for different propeller design, which studied by Chirico 
et al. [40] 
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Fig 20. 3 Element airfoil acoustically studied by Li et al. [41] 
 

 
Fig 21. The effect of angle of attack on noise level studied by Li et al. [41] 
 

Takaishi et al. [42] reduced the landing gear generated noise by designing an innovative 
device (Fig 22). In their device a small wind deflector on one side installed upstream of the 
gear well to deflect shear flow away from the cavity opening and reduce low –frequency noise 
generated when the flow hits the rear edge of the cavity. Porous material with open cells used 
to the inner surface of the gear to suppress local flow-induced pressure fluctuations. Holes in 
the landing gear wheel sealed with aluminum tape to suppress the aerodynamic sound 
generated from air passing through them. Finally, their device decreased aircraft noise about 
4.5 dB as shown in Fig 23 
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Fig 22. Innovative designed device for reducing noise generation studied by 
Takaishi et al. [42] 

 

 
Fig 23. Sound pressure level comparison studied by Takaishi et al. [42] 
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3. AEROACOUSTICS IN TURBOMACHINERY INDUSTRY 
Turbomachinery, in mechanical engineering, describes machines that transfer energy between 
a rotor and a fluid, including both turbines and compressors [43]. Especially for turbines, 
recently and due to the extreme demands for energy, there has a rapid development of wind 
turbines [44]. The major issue of the wind turbines is the emitted noise, which affects the 
nearby residents; so it is a need to estimate aerodynamic noise emitted by wind turbines and 
to find noise reducing technique in order to increase public approval of wind energy [45]. 
Sound emitted from a turbomachinery could be due to mechanical or aerodynamic sources. 
Mechanical noises are generated by various mechanical components and equipment, including 
motor and gearbox, and aerodynamic noises are caused by blades that mainly interact with the 
turbulent flows [46]. 

Numerous experimental and numerical studies have been carried out to study the 
aeroacoustics phenomenon in turbomachinery. Kuntz et al. [47] showed that reducing the size 
of the blades reduces sound generation but it also decreased the machine efficiency too, so 
they increased the rotational speed to compensate it. 

A study on the aeroacoustics of six-blade impeller (Fig 24) by Lieser et al. [48] showed 
that by decreasing the impeller size at a constant rotational speed, the sound emission is 
significantly reduced. Fehse et al. [49] studied noise generation mechanisms of low-frequency 
centrifugal fan. Jones et al. [50] used numerical simulation to design a rotorcraft airfoil with 
minimum noise generation. The results showed that unvented shaped airfoils had good 
aerodynamic and aeroacoustics performance. 
 

 
Fig 24. 6 Blade-impeller shape which used by lieser et al. [48] 
 

Chapman [51] investigated analytically the acoustic phenomenon of high velocity flows 
with computational aeroacoustics codes. The source of the noise in this work was convected 
gust striking the leading edge of a wing or fan blade at arbitrary subsonic Mach number; the 
stream wise shape of the gust was top-hat, Gaussian, or sinusoidal, and the cross-stream shape  
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was top-hat, Gaussian, or uniform. The results of chapman are useful for benchmark testing 
of computational aeroacoustics codes. 
 

 
Fig 25. The location of suction studied by Arnold et al. [44] 

 

 
Fig 26. The effect of suction on emitted noise studied by Arnold et al. [44] 
 

Kim et al. [52] investigated the sound generated at different wind speed in different wind 
direction and its effects on aerodynamic performance of wind turbine; their results showed 
that aerodynamic performance increases with decreasing noise emission level. 

Mohamed [53, 54] investigated the effect of velocity, blade shape, and blade effects on 
the sound emitted by Darius H-shaped wind turbines. 
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Recently, Arnold et al. [44] investigated the effects of suction on trailing edge noise and 
power of a wind turbine (Fig 25 and Fig 26). The aim of this research work was to achieve a 
trade- off between turbine noise reduction and efficiency improvement [44]. 
 

 
Fig 27. Computational Domain which used by Maizi et al. [55] for modeling 
horizontal axis wind turbine 
 

 
Fig 28. Different shape of propeller examined by Maizi et al. [55] 

  



177 Int. Jnl. of Multiphysics Volume 14 · Number 2 · 2020 

 

 
 

Maizi et al. [55] investigated the noise generated in a horizontal axis wind turbine affected 
by blade tip shape (Fig 27). In this work, different tip shapes examined as shown in Fig 28. 

The turbulence model in this work was DES and the Ffowcs Williams-Hawkins method 
used to model the aeroacoustics phenomena. The results according to Fig 29 showed that the 
use of unvented tip shape is very effective in reducing noise level [55]. 
 

 
Fig 29. Comparison between acoustic power generated form blade with shark tip 
and original tip studied by Maizi et al. [55] 
 

4. AEROACOUSTICS IN AUTOMOBILE INDUSTRY 
Since noise, vibration and harshness (NVH) are now important in passenger vehicles, 
automotive Industries are interested in levels of NVH as a component of the development of 
comfortable vehicles. In particular, aerodynamic sound is the principal component of interior 
vehicle noise at speeds above 100 kph [56]. Various design techniques have been developed 
to reduce the aerodynamic noises induced by high-speed driving. Many efforts have been 
expended on the Sound quality evaluation and improvement of vehicle aero noise in the past 
few decades [57–60]. The main noise source in the vehicle as shown in Fig 30 include the 
engine, power transmission, tires, aerodynamic pressure distribution around the body, exhaust 
gases and body vibrations. In Automotive engineering, vibro-acoustics noise is predominant 
between 0 and 250 Hz at low speeds (below 100 km/h) and Aeroacoustics noise is 
predominant above 500 Hz and at high speeds (above 1 km/h) [61]. 

The parts of the vehicle that cause turbulence in the flow and thus generate aerodynamic 
noise includes: 

 
• Side mirrors 
• A-Pillar 
• Bumper edges 
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• Front windshield 
• Wiper 
• A-Pillar gap 
 
 

 
Fig 30. Noise sources of a vehicle [61] 
 

In detail, the main aerodynamic noise sources in a vehicle could be categorized as follows: 
 

• Leak noise as shown in Fig 31 is generally caused by air flow between the inside and 
outside of the vehicle. There is a pressure difference between the inside and outside of 
the moving vehicle, which causes the air to flow between them. For example, if the leak 
is considered to be a round gap with 4 mm diameter on a sheet with 4 mm thickness, this 
leak will produce a sound with a 0.6 Strouhal number or approximately 4400 Hz. In 
general, the noise generated by a leak is the dominant noise in the acoustics. The most 
probable locations for this type of noise are the areas around the door and glass seals [61]. 

• Even if there is no leak on the body of car, the existence of cavity on the exterior of the car 
can generate noise. This noise is much higher in areas where the flow rate is high (such 
as A-Pillar). Probable points for this type of noise are the gaps in the A-Pillar, the gaps in 
the exterior of the mirror and the glass seams [61]. The mechanism for generating this 
type of noise is defined in two ways (Fig 32): The separation of the flow at the trailing 
edge of the cavity which can cause vortex shedding and sound production, and the 
second one, the separation of flow and vortex formation at leading edge of the cavity and 
collision of these vortices with cavity trailing edge which could be a source of noise 
(such as helicopter blades noise in very large scale) 

• Even if the flow is not separated from the vehicle surface, due to highly turbulent flow and 
pressure fluctuations on the vehicle surface, Wind Rush Noise is always exist and 
unavoidable (Fig 33). Therefore, even in the absence of other types of noise, this noise 
could not be zero [61]. 
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Fig 31. The flow structure in leak noise generation [61] 
 

 
Fig 32. The flow structure in cavity noise generation [61] 
 

 
Fig 33. The flow structure in wind rush noise generation [61] 
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One of the parts that has a major impact on the drag coefficient and noise of the car is the 
geometrical shape of the vehicle behind section. This noise generation and drag increase are 
due to the separation of the flow at this area and the formation of large-scale wakes. So, 
automakers todays have focused on design improvement of this area. It should be again 
mentioned that wake formation is one of the main reasons of noise. These wakes are formed 
in parts such as A-Pillar, B-Pillar, rear glass, automotive tail and side mirrors. The study of 
aerodynamic noise in these areas has been popular for researchers [62–65]. For example, Tsai 
et al. [66] performed an aeroacoustics analysis on the rear spoiler (Fig 34) and investigated its 
role on aerodynamic and aeroacoustics of the whole vehicle. They found that installing a 
spoiler with a proper angle of attack could reduce the aerodynamic lift coefficient. In addition, 
the spoiler also reduces the noise in the tail of the car. Shojaee-Fard et al. [67] investigated 
the flow around the A-pillar and the related aerodynamic noise. Their results showed that the 
corner radius (fillet) of the A-pillar and the windshield had a significant effect on the noise 
generation of them. 
 

 
Fig 34 Various spoiler which used in Tsai et al. [66] work 
 

The engine cooling fan is also recognized as one of the main noise source in automotive 
engineering. Wu et al. [68] developed a semi-empirical formula for the axial flow fan noise 
spectrum in a free flow field. The main assumption in the extracted formula was that the fan 
noise is caused by the fluctuation of forces from the fluid around the blades during fan 
operation. This interaction of structure and fluid creates a range of sound spectrum at different 
frequencies that is important in the blade passage frequency (BPF) and its harmonics. Since 
the noise generated by fan rotation originates from both turbulent flow and structural sources, 
one way of reducing the noise is to control the fluid flow through the fan. Vad et al. [69] 
proposed a method for redesigning the fan to reduce aerodynamic noise and improve fan 
efficiency. Thomas Kalmar et al. [70] tested an industrial axial fan and measured the noise 
emitted upstream of the fan by Phased Array Microphone (PAM) method. Further details 
about this method are available in the work of Benedek et al. [71]. On the other hand, the 
beam-forming method creates a pattern of sound intensity due to the phase difference between 
the input signals to the microphone [72]; The results of this method is used to identify noise 
sources. Investigation of axial Turbomachinery with beam forming method distinguishes rotor  
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noise from other noise sources [72]. Classical noise identification methods had the capability 
of detecting static noise sources [72], while the Rotating Source Identifier (ROSI) algorithm 
is also able to estimate the location of rotating sources [73]. 

 

 
Fig 35. Automotive HVAC Noise Source studied by Bennouna et al. [75] 
 

 
Fig 36. The usage of noise absorber which investigated by Bennouna et al. [75] 
 

Fan noise could be tonal or broadband. Broadband noise sources can be classified as 
follow [74]: 

 
• Turbulent flow 
• Noise caused by the interaction of turbulent flow with the surface of the blades 
• trailing edge noise 
• Vortex shedding noise 
• Noise caused by flow separation 
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Recently Bennouna et al. experimentally and numerically investigated HVAC of the 
vehicle in order to reduce aerodynamic noise and improve the comfort of the occupants. In 
this work, after identifying noise generating points (as shown in Fig 35), they used different 
composition of sound absorbers as a passive method (Fig 36) to achieve the best noise 
reduction level (as shown in Fig 37). 
 

 
Fig 37. Effect of different configuration on noise generation studied by Bennouna 
et al. [75] 
 

 
Fig 38. computational model studied by Chen et al. [76 
 

Recently, Chen et al. [76] numerically and experimentally studied the effect of side mirror 
shape on aerodynamic noise. The turbulence model used in the numerical solution was LES 
model. Two types of mirrors with and without indentation studied (Fig 38). The numerical 
results of this work have showed in Fig 39 and Fig 40. The results showed that with the use 
of indentation mirrors, the pressure oscillations and vortices in the back of the mirror reduced 
and therefore noise level reduced (Fig 41). 
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Fig 39. The Computational Domain which used by Chen et al. [76] 
 

 
Fig 40. Turbulence kinetic energy around side mirror studied by Chen et al. [76] 

 

 
Fig 41. Comparison between noise level at different location of modified and 
original side mirror studied by Chen et al. [76]  
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Fig 42. Computational Model studied by Yong-Ju Chu et al. [77] 
 

 
Fig 43. Test Setting in Jung et al. [78] work 
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Fig 44. Probe Locations in Jung et al. [78] work 
 

Moreover, Yong-Ju Chu et al. [77] in a recent published work examined the effect of a 
side mirror on the level of sound generated by an automobile. In this work, two new designs 
include side mirror with internal and external duct investigated (Fig 42). Their results showed 
that aerodynamic noise is reduced by using internal duct. 
 

 
Fig 45. Geometry of HVAC baffle in detail which studied by Jung et al. [78] 
 

Jung et al. [78] investigated the aerodynamic noise of a HVAC unit. In this work, they 
used the laboratory test stand as shown in Fig 43. In this work, the Lattice-Boltzmann method 
used for numerical simulation (Fig 44). 

In this work, one of the noise reduction approaches that utilize of serrated edges in the 
HVAC baffle (Fig 45) investigated, and a new design presented according to Fig 46. 
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Fig 46. 1/3rd octave band Sound pressure level comparison which studied by Jung 
et al. [78] 
 

 
Fig 47. Crossbar profiles configurations which investigated by Massarotti et al [63] 
 

Massarotti et al [63] investigated the effect of crossbar on aerodynamic noise of vehicle. 
The work performed experimentally according to Fig 47 and the Reynolds number was 
between 98,000 and 147,000. In this work three types of crossbar section include: elliptical, 
circular and Naca0012 airfoil examined (Fig 48). The results according to Fig 49 showed that 
the sound level by using airfoil section is much lower than other sections. In this paper, the 
effect of airfoil angle of attack also investigated. 
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Fig 48. Different Crossbar section investigated by Massarotti et al [63] 

 

 
Fig 49. Exterior SPL of different crossbar section profiles for different flow speeds. 
Which studied by Massarotti et al. [63] 
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5. CONCLUSION 
This paper outlined some applications for noise control in Aerospace, Automotive, and 
Turbomachinery industries. In this paper critical noise source reviewed, highlights of aero 
noise control techniques with an emphasis on cutting edge technologies presented along 
with representative results and relevant conclusions. In each industry, the authors outlined a 
vision of how aero noise control method could improve industrial products and even could be 
a response to changing legislation. 

The main approach of authors in this review was the synergy of noise control technologies 
between different industries. It was shown the solutions presented in some industries in other 
industries were taken into consideration and good results were obtained, for example, the 
method of edge serration in all three areas, aerospace, turbo machine and automobile had good 
results in noise reduction. Thus, in each one of these three field, prosper noise reduction 
method could be proposed and investigated in other fields. The authors recommend, 
aeroacoustics researchers in each industry first of all focus on the control methods which are 
effective in other industries because a validated technique is more effective than try and error 
process with new technique. So a necessary component of any future research effort in each 
industry should be an appropriately comprehension of aeroacoustics and related technique. 

The authors also recommend researchers focus on integrating flow and noise control 
strategies and the trade-off between them. Since for example a control method in airfoil aero 
noise reduction could be destructive for aerodynamic characteristics 

Finally, for continuing and future work the authors recommend a comprehensive aero noise 
techniques investigation in any field because aeroacoustics is not limited to the fields 
presented in this paper and it is also important in rail cars, electronics chip cooling and 
construction installations, etc. 
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