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Abstract: Aviation noise is a significant environmental concern that impacts communities near airports and limits the growth of air transportation. This article provides a 
review of emerging technologies designed to mitigate aircraft noise. It examines the primary sources of aircraft noise—engine and airframe—and details the latest 
advancements in noise reduction strategies. Key technologies discussed include high–bypass ratio turbofans, acoustic liners, chevrons, advanced fan designs, and novel 
aircraft configurations such as the Blended Wing Body (BWB). Additionally, the role of operational procedures and the potential of advanced materials like acoustic 
metamaterials are explored. The paper synthesizes findings from recent academic research, industry developments, and government–led initiatives, providing a forward–
looking perspective on the path toward a quieter future for aviation. 
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INTRODUCTION 
The rapid growth of global air travel has brought 
significant economic and social benefits, but it has 
also intensified the environmental impact of 
aviation. Among these impacts, aircraft noise is a 
primary concern for public health and well–being, 
affecting millions of people living in proximity to 
airports [1]. The Federal Aviation Administration 
(FAA) in the United States reports that aircraft 
noise is the number one public complaint it 
receives [2]. Research has consistently linked 
chronic exposure to aircraft noise with adverse 
health effects, including sleep disturbance, 
cardiovascular issues, and cognitive impairment in 
children [3] [4]. 
In response to these challenges, international 
bodies like the International Civil Aviation 
Organization (ICAO) have established progressively 
stringent noise standards, compelling 
manufacturers and airlines to invest in quieter 
technologies. The ICAO's "Balanced Approach" to 
noise management provides a framework that 
includes the reduction of noise at the source, land–
use planning and management, noise abatement 
operational procedures, and operating restrictions 
[5]. This article focuses on the first and most 
critical element of this approach: the reduction of 
aircraft noise at its source through technological 
innovation. 
Aircraft noise is broadly categorized into two main 
sources: engine noise and airframe noise [4]. 
Historically, engine noise, particularly from the jet 
exhaust, was the dominant contributor. However, 
the advent of high–bypass ratio (HBR) turbofan 

engines has led to dramatic reductions in jet noise, 
to the point where airframe noise—generated by 
the airflow over the wings, landing gear, and other 
non–propulsive components—has become equally 
significant, especially during the approach and 
landing phases of flight [4] [6]. 
This paper will provide a detailed examination of 
the state–of–the–art and emerging technologies 
aimed at reducing both engine and airframe noise. 
It will cover incremental improvements to existing 
engine designs, such as advanced acoustic liners 
and chevrons, as well as revolutionary concepts 
like the Open Fan architecture. Furthermore, it 
will explore innovations in airframe design, 
including porous landing gear fairings and the 
seamless integration of components in novel 
aircraft configurations like the Blended Wing Body 
(BWB). Finally, the paper will touch upon the 
complementary roles of operational procedures and 
advanced materials in achieving a holistic 
reduction in the aviation industry's noise footprint. 
ENGINE NOISE REDUCTION TECHNOLOGIES 
The turbofan engine is the primary source of 
propulsion for most modern commercial aircraft 
and, consequently, a major contributor to overall 
aircraft noise. Engine noise is generated by several 
components, including the fan, compressor, 
combustor, turbine, and the high–velocity jet 
exhaust. Significant progress has been made in 
mitigating this noise through a combination of 
architectural changes, advanced materials, and 
sophisticated design features. 
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▓ High–Bypass Ratio (HBR) and Geared 
Turbofan (GTF) Engines 

The most significant breakthrough in reducing 
engine noise was the transition from turbojet to 
high–bypass ratio (HBR) turbofan engines. By 
redirecting a large portion of the incoming air 
around the engine's core, HBR engines reduce the 
velocity of the final exhaust jet. Since jet noise is 
proportional to the eighth power of the exhaust 
velocity, even a modest reduction in velocity yields 
a substantial decrease in noise. Modern HBR 
engines have achieved noise reductions of up to 15 
decibels (dB) compared to the early turbojets they 
replaced [7]. 
Further advancements have been made with the 
introduction of the Geared Turbofan (GTF) engine. 
In a conventional turbofan, the fan and the low–
pressure turbine are directly connected and rotate 
at the same speed. The GTF architecture 
introduces a reduction gearbox between the fan 
and the low–pressure shaft, allowing the fan to 
rotate at a slower, more efficient speed while the 
turbine spins much faster. This enables the use of 
larger–diameter fans and ultra–high bypass ratios, 
leading to further reductions in both noise and fuel 
consumption [8]. 
▓ Acoustic Liners 

Acoustic liners are a critical passive noise control 
technology used extensively within engine nacelles. 
These liners, which function as sound–absorbing 
panels, are installed in the engine inlet and 
exhaust ducts to attenuate the noise generated by 
the fan and other turbomachinery components 
before it propagates into the environment. 
Traditional liners consist of a honeycomb core 
sandwiched between a solid backplate and a 
perforated face sheet (Figure 1). Their 
effectiveness is typically limited to a narrow 
frequency range determined by the geometry of 
the honeycomb cells and the face sheet 
perforations [9]. 

 
Figure 1 – typical structure for an acoustic liner of a turbofan engine [11] 

Recent research has focused on developing 
advanced liners with broader–band noise reduction 
capabilities. These include multi–layer liners, bulk–
absorber materials, and innovative concepts like 
locally resonant and micro–perforated panel (MPP) 
liners. These next–generation liners aim to provide 

effective noise attenuation across a wider range of 
engine operating conditions, from takeoff to 
landing [10]. 
▓ Chevrons 

Chevrons are sawtooth–shaped patterns on the 
trailing edges of an engine's nozzle and nacelle. 
They have become a common feature on many 
modern turbofan engines, including those on the 
Boeing 787 and 747–8 (Figure 2). The primary 
function of chevrons is to enhance the mixing of 
the hot, high–velocity core exhaust and the cooler, 
slower–moving fan stream with the surrounding 
ambient air. This enhanced mixing process reduces 
the turbulence in the shear layer where the 
different air streams meet, thereby lowering the 
generation of jet noise [12].  

 
Figure 2 – chevron nozzles on Boeing 787 aircraft [13] 

While highly effective, the design of chevrons 
involves a trade–off between acoustic benefit and 
thrust penalty. More aggressive chevron designs 
can increase mixing and reduce noise further but 
may also introduce a small drag penalty that 
affects fuel efficiency. Ongoing research is 
exploring "active chevrons" that can change their 
shape or orientation using smart materials or 
actuators, allowing for optimized noise reduction 
during different phases of flight without 
compromising cruise performance [14]. 
▓ Advanced Fan and Nozzle Designs 

Beyond the major architectural changes, 
continuous refinements in the aerodynamic design 
of the fan and nozzle systems contribute to noise 
reduction. This includes the use of forward–swept 
fan blades and swept and leaned stator vanes to 
control the complex shock structures and wakes 
that generate tonal and broadband noise. The 
spacing between the fan blades and the 
downstream stator vanes is also carefully optimized 
to minimize interaction noise, as discussed by Huff 
[15]. 
In a more radical departure from conventional 
designs, concepts like the Open Fan (or Open 
Rotor) architecture are being developed (Figure 3). 
These designs remove the nacelle around the fan, 
enabling an extremely large fan diameter and an 
ultra–high bypass ratio. While promising significant 
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improvements in fuel efficiency, the open–air 
design presents a major challenge for noise 
control.  

 
Figure 3 – Open Fan engine [16] 

Research in this area is focused on developing 
advanced blade shapes, noise–shielding airframes, 
and potentially contra–rotating fan stages to 
manage the noise while maximizing performance 
benefits [16]. 
AIRFRAME NOISE REDUCTION TECHNOLOGIES 
As engine noise has been progressively quieted, the 
noise generated by the airframe has become a 
dominant factor, particularly during the approach 
and landing phases when engines are at low power 
settings. Airframe noise is produced by the 
turbulent airflow around non–propulsive 
components, primarily the landing gear and the 
high–lift devices (flaps and slats) on the wings. 
Significant research efforts are now directed at 
mitigating these sources. 
▓ Landing Gear Noise 

The landing gear is one of the most significant 
sources of airframe noise. Its complex geometry of 
struts, wheels, and hydraulic lines creates highly 
turbulent wakes. NASA's Acoustic Research 
Measurement (ARM) flight tests demonstrated a 
suite of technologies that collectively achieved a 
greater than 70% reduction in airframe noise [2]. 
Key innovations for landing gear include: 
 Porous Fairings (Figure 4): Instead of solid 

fairings that simply deflect airflow, researchers 
have developed fairings with porous surfaces. 
These fairings, often made of materials with 
many tiny holes, allow a portion of the airflow 
to pass through them. This smooths the flow 
around the landing gear components, reducing 
the turbulence and associated noise. The design 
of these porous structures is critical, as it must 
reduce noise without imposing an aerodynamic 
drag penalty [2] [17]. 

 Cavity Treatments: The cavity into which the 
landing gear retracts is another major source of 
noise. When the gear is deployed, this cavity 
can create a resonant effect, similar to blowing 

over the top of a bottle. To counter this, NASA 
has developed treatments such as placing 
chevrons at the leading edge of the cavity and 
installing a sound–absorbing foam at the trailing 
wall. Additionally, stretching a net across the 
cavity opening can effectively alter the airflow, 
preventing the formation of resonant tones and 
reducing broadband noise [2]. 

 
Figure 4 – landing gear (a – without porous fairing; b – porous fairing 

mounted in front of the rod) [18] 
▓ High–Lift Device Noise 

High–lift devices, such as flaps and slats, are 
extended from the wings during takeoff and 
landing to increase lift at low speeds. However, the 
gaps and sharp edges created when these devices 
are deployed generate significant noise. The flow 
of air through the gap between the wing and the 
flap, and the turbulence at the flap's side edges, 
are primary noise sources. 

 
Figure 5 – ACTE wing flap mounted on a GIII airplane [20] 

One of the most promising solutions is the Adaptive 
Compliant Trailing Edge (ACTE) wing flap. 
Developed by FlexSys Inc. and tested by NASA, the 
ACTE flap is a seamless, flexible surface that can 
change its shape to provide the required lift 
without creating the gaps inherent in conventional 
flap systems. By eliminating these gaps, the ACTE 
flap significantly reduces a major source of 
airframe noise. The initial flight tests of this 
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technology were focused on aerodynamic 
efficiency, but its acoustic benefits are now a key 
area of interest [2] [19]. 
NOVEL AIRCRAFT CONFIGURATIONS AND 
ADVANCED MATERIALS 
Beyond incremental improvements to existing 
designs, radical changes in aircraft configuration 
and the introduction of advanced materials offer 
the potential for step–change reductions in noise. 
▓ Blended Wing Body (BWB) 

The Blended Wing Body (BWB) is a revolutionary 
aircraft concept that integrates the fuselage and 
wing into a single, seamless lifting surface. This 
configuration offers significant aerodynamic and 
structural advantages, leading to improved fuel 
efficiency. Crucially, the BWB design provides a 
unique opportunity for noise reduction, primarily 
through the strategic placement of the engines. 
In a BWB design, the engines are typically mounted 
on the upper surface of the rear fuselage, which 
allows the airframe itself to act as a noise shield 
[21]. This shielding effect significantly blocks the 
propagation of engine noise to the ground, 
particularly during takeoff and landing. Studies 
have shown that the BWB configuration can reduce 
noise annoyance by a noticeable margin compared 
to conventional tube–and–wing aircraft [22]. 
Furthermore, the BWB's smooth, continuous shape 
inherently reduces the number of sharp edges and 
discontinuities that contribute to airframe noise. 

 
Figure 6 – Blended Wing Body Aircraft [23] 

▓ Acoustic Metamaterials 
Acoustic metamaterials (AMMs) represent a cutting–
edge approach to noise control. These are 
artificially engineered materials designed to 
exhibit properties not found in naturally occurring 
substances, allowing for unprecedented control 
over sound waves. AMMs are typically composed of 
sub–wavelength structures that can manipulate 
sound through mechanisms like local resonance or 
negative refraction [24]. 
The application of AMMs in aviation is a rapidly 
growing field. They can be designed to be 
lightweight and thin, making them ideal for 
integration into aircraft structures. Potential 
applications include: 

 Engine Nacelles: Replacing or supplementing 
traditional acoustic liners with AMMs to achieve 
superior sound absorption over a broader 
frequency range, especially at low frequencies 
which are difficult to attenuate with 
conventional materials [25]. 

 Airframe Surfaces: Integrating surface acoustic 
metamaterials (SAMs) directly onto the airframe 
to suppress sound radiation and reduce 
turbulent boundary layer noise [26]. 

 Cabin Noise Reduction: Using AMMs to create 
highly effective, yet thin, soundproofing layers 
within the cabin walls, significantly improving 
passenger comfort [27]. 

While still largely in the research and development 
phase, AMMs hold the promise of achieving noise 
reduction levels that are physically impossible with 
current passive technologies. 
OPERATIONAL PROCEDURES FOR NOISE 
ABATEMENT 
While technological advancements focus on 
reducing noise at the source, operational 
procedures provide a complementary and 
immediate means of mitigating the impact of 
aircraft noise on surrounding communities. These 
procedures are part of the ICAO's Balanced 
Approach and are implemented by air traffic 
control and flight crews. 
▓ Noise Abatement Departure and Arrival 

Procedures (NADP/NAAP) 
Standardized procedures are designed to minimize 
the noise footprint during take–off and landing.  
 Noise Abatement Departure Procedures (NADP): 

These procedures involve specific thrust settings 
and flap/slat retractions to ensure the aircraft 
gains altitude quickly or reduces engine power 
as soon as possible. NADP–1 focuses on a rapid 
climb to a higher altitude before reducing 
thrust, while NADP–2 focuses on reducing thrust 
at a lower altitude to minimize noise over the 
immediate vicinity of the airport [28]. 

 Noise Abatement Arrival Procedures (NAAP): 
These procedures, often involving Continuous 
Descent Approaches (CDA), aim to keep the 
aircraft higher for longer and use lower engine 
thrust settings during the approach phase. A CDA 
involves a continuous, stabilized descent from 
cruise altitude to the runway, avoiding the level–
off segments that require increased engine 
power and flap/slat deployment, thereby 
significantly reducing noise and fuel 
consumption [29]. 
▓ Preferential Runways and Flight Tracks 

Airports often implement preferential runway use 
systems and specific flight tracks to direct aircraft 
over less populated areas. This involves using 
runways that direct departure and arrival traffic 
away from noise–sensitive communities, especially 
during night–time hours. The use of Performance–
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Based Navigation (PBN) allows for more precise and 
repeatable flight paths, enabling the design of 
curved or segmented approaches that avoid noise–
sensitive areas [30]. 
ECONOMIC AND REGULATORY CONTEXT OF NOISE 
REDUCTION 
The drive for quieter aircraft is not solely a 
technical challenge; it is profoundly shaped by 
economic incentives and a complex regulatory 
framework. The cost of implementing noise–
reducing technologies is substantial, but the cost of 
inaction—in terms of restricted airport operations, 
community backlash, and potential legal action—is 
often higher. 
▓ The ICAO Balanced Approach & Noise 

Standards 
The International Civil Aviation Organization (ICAO) 
provides the global regulatory backbone for 
aircraft noise certification. The ICAO Annex 16, 
Volume I, sets the international standards for 
aircraft noise. The introduction of the Chapter 3 
noise standard in 1977 and the subsequent, more 
stringent Chapter 4 (2006) and Chapter 14 (2014) 
standards have been the primary drivers for 
technological innovation [5]. These standards mean 
that new aircraft designs must meet specific noise 
limits, effectively phasing out older, noisier 
aircraft. The latest Chapter 14 standard, for 
example, requires a cumulative noise margin of 10 
EPNdB (Effective Perceived Noise Decibels) below 
the Chapter 3 limits, pushing manufacturers to 
adopt the most advanced noise mitigation 
strategies [5].  
The ICAO's Balanced Approach is a key policy 
framework that encourages local authorities to 
manage noise through four pillars: reduction at 
source (technology), land–use planning, operational 
procedures, and operating restrictions. This 
framework acknowledges that a single solution is 
insufficient and that a combination of measures is 
necessary to address the noise problem effectively 
[28]. 
▓ Economic Drivers & Cost–Benefit Analysis 

The economic case for noise reduction is 
multifaceted. For airlines, operating quieter 
aircraft can lead to lower landing fees at noise–
sensitive airports, access to preferred operating 
slots, and the avoidance of costly curfews or 
operational restrictions. For example, airports 
often implement noise–based charges, where 
noisier aircraft pay higher fees, creating a direct 
financial incentive for fleet modernization [31]. 
Furthermore, the development of quieter, more 
fuel–efficient engines (like the GTF) represent a 
win–win scenario, where the primary driver of 
noise reduction (lower jet velocity) also leads to 
significant fuel savings. This synergy helps to offset 
the high research and development costs 
associated with new technologies. The market 

demand for quieter aircraft is also a powerful 
driver, as airlines seek to maintain a positive public 
image and minimize conflicts with the communities 
they serve [32]. 
▓ Future Regulatory Trends 

Future regulations are expected to focus on the 
noise of emerging aircraft types, such as supersonic 
aircraft and Unmanned Aerial Vehicle (UAV) or 
drones, which present unique acoustic challenges. 
For supersonic aircraft, the focus is on mitigating 
the sonic boom and reducing noise during subsonic 
flight phases near airports. For UAV, the 
distributed propulsion systems and high–frequency 
noise signatures require entirely new certification 
standards and mitigation techniques [33]. The 
continuous tightening of ICAO standards ensures 
that the need of ultra–quiet aircraft remains a 
central and ongoing priority for the aviation 
industry [5] [28]. 
CONCLUSION AND FUTURE OUTLOOK 
The aviation industry has made remarkable strides 
in reducing aircraft noise, driven by regulatory 
pressure, public demand, and technological 
innovation. The shift to high–bypass ratio engines, 
the introduction of advanced acoustic liners and 
chevrons, and the development of airframe noise 
reduction technologies like porous fairings and 
seamless flaps have all contributed to a 
significantly quieter fleet. 
The future of ultra–quiet flight lies in the 
integration of these incremental improvements 
with more radical, system–level changes. Novel 
aircraft configurations, such as the Blended Wing 
Body, offer the potential for noise shielding and a 
fundamentally quieter airframe design. 
Furthermore, the emerging field of acoustic 
metamaterials promises a new generation of 
lightweight, highly effective noise control solutions 
that can be integrated into both engine and 
airframe components. 
Achieving the next level of noise reduction will 
require continued collaborative research across 
government agencies (like NASA and the FAA), 
academia, and industry. The focus must shift 
toward a holistic design approach where noise is 
considered a primary design constraint from the 
outset, rather than a problem to be solved post–
design. By combining advanced source–reduction 
technologies with optimized operational 
procedures, the aviation sector can continue its 
growth trajectory while ensuring a sustainable and 
quieter environment for communities around the 
globe. 
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