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Aeronautical impact on the process of cleaning
runways from contamination

Abstract. The study is aimed at analysing aeronautical methods of runway cleaning from contamination to improve the
efficiency of maintenance and safety of aviation operations. The study used aerodynamic analyses, data on high-speed
airflow technologies, chemicals, and automatic control systems and sensors to comprehensively assess the effectiveness
of runway de-icing. The results of the study showed that the use of aeronautical methods of runway cleaning significantly
increases the efficiency of removing contaminants such as snow, ice, and dust particles. It was found that directed high-
speed airflows effectively reduce cleaning time compared to traditional mechanical methods, reducing the risk of damage
to the runway surface. In addition, the integration of these methods with automatic control systems and sensors can
improve cleaning safety and reduce the negative impact on the environment. The combined use of aeronautical technologies
with chemicals was also found to be effective, making these approaches promising for use at airports with high flight
intensity. The study confirmed the feasibility of introducing such technologies to ensure the safety and economic efficiency
of aviation operations. The analysis also showed that the use of aeronautical methods reduces the need for frequent
re-cleaning of runways, which helps to reduce operating costs. In addition, the use of these technologies helps to reduce
the amount of deposits on the runway surface, which has a positive impact on the durability of the pavement. The research
introduces a new approach to runway cleaning, showing how aeronautical methods can improve the efficiency, safety, and
cost-effectiveness of aviation operations, opening up prospects for further innovation in this area
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Introduction

The impact of aerodynamic processes on runway de-icing
is extremely important for modern aviation infrastructure,
as it directly affects flight safety and economic efficiency.
Contaminants such as snow, ice, dust and various chemi-
cals can significantly degrade runway surfaces, increasing
the risk of accidents and delays in aviation operations. Tra-
ditional cleaning methods, such as mechanical brushes or
chemicals, are often insufficient to effectively address this
problem, creating a need for new technological solutions.
Aeronautical methods, which use high-speed airflows and
integrated automatic control systems, offer new oppor-
tunities to improve runway cleaning. These technologies
not only remove contaminants more efficiently, but also

reduce the time required for cleaning, which helps to re-
duce operating costs. Further exploration of aeronautical
techniques is relevant to improve overall flight safety and
optimize costs at high-traffic airports. The introduction of
such technologies can significantly improve operational
efficiency and environmental safety in airport operations.

The problem of effective runway de-icing is a rele-
vant issue for aviation infrastructure due to its impact
on flight safety and operating costs. In this context, sev-
eral authors have already studied various aspects of this
topic. The study by B. Kim et al. (2023) showed that the
effectiveness of high-speed airflows in clearing snow and
ice is not limited to clearing carts, but can also be applied
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to runways. Z. Li et al. (2024) investigated how the integra-
tion of aeronautical technologies with automatic control
systems and sensors, as well as with laser cleaning, can
significantly improve the accuracy and safety of the clean-
ing process by ensuring effective detection and removal
of contaminants. In the work of Q. Zhang et al. (2022), the
authors noted the positive impact of combining aeronauti-
cal methods with chemicals to reduce contamination and
increase the durability of runway surfaces.

Y. Lai et al. (2022) investigated the impact of aeronau-
tical technologies on reducing negative environmental
impacts and environmental risks. F. Maltinti et al. (2024)
showed that the use of high-speed airflows reduces the
number of repeated clearing operations, which, together
with the introduction of fast departure taxiways, optimizes
runway capacity and sustainability. K. Ottogalli et al. (2021)
found that automating the clearing process using aeronau-
tical techniques can significantly reduce human error and
improve overall efficiency. Y. Xiang et al. (2021) analysed
the economic feasibility of introducing new runway clean-
ing technologies, confirming their high cost-effectiveness.
F. Farivar et al. (2021) investigated the durability of runway
surfacing using aeronautical methods and found their pos-
itive impact on reducing surface erosion.

G. Zhao et al. (2024) compared traditional mechanical
cleaning methods with new aerial technologies, pointing
out the advantages of the latter in terms of speed and ef-
ficiency. R. Shrestha et al. (2021) showed that unmanned
aerial vehicles can effectively detect contamination on
runways, reducing the risk of accidents and delays. Despite
the significant advances in this research, there are gaps
that need to be further explored. In particular, the long-
term effects of new technologies on runways, their cost-ef-
fectiveness in different climates, and their interaction with
other cleaning methods need to be investigated.

The aim of the study was to investigate the effective-
ness of aeronautical methods of runway cleaning from
contaminants in order to improve flight safety and reduce
operating costs. Research objectives:

1. Evaluating the effectiveness of aeronautical meth-
ods in the process of clearing runways of contaminants
such as snow, ice, and dust particles.

2. Analysing the possibility of reducing the cleaning
time and reducing the risk of damage to the lane coating
when using high-speed air flows compared to traditional
mechanical methods.

3. Exploring the integration of aeronautical methods
with automatic control systems and sensors to improve
safety, reduce negative environmental impact and lower
operating costs.

Materials and Methods

The study used several key methods to comprehensive-
ly assess the effectiveness of runway de-icing. The aer-
odynamic analyses included the creation of computer
models to simulate the aerodynamic forces encountered
during aircraft take-off and landing, which allowed us to

investigate how different types of aircraft and their speeds
affect the distribution of light pollutants such as dust and
fine debris on the runway. In addition, aerodynamic forces
were measured using anemometers and airspeed sensors to
collect data on the actual airflows generated by the aircraft
and their impact on runway cleaning.

High-speed airflow technologies were analysed by
evaluating the efficiency and performance of the turbine
and fan systems used to generate these airflows. Different
configurations and capacities of these systems were test-
ed to optimise their ability to remove contaminants. The
cleaning results achieved with high-speed airflows were
compared to those achieved with traditional mechanical
methods such as scrapers and brushes. The runways were
cleaned using mechanical and chemical methods. Runway
cleaning systems, such as the Schmidtsdrift Sweeper from
Schmidt (Germany), have been investigated for their ef-
fective removal of contaminants using powerful fans and
airflow controllers to ensure high performance without
damaging the pavement (South Cambs District..., 2024).
For mechanical cleaning, the Buffalo Turbine (n.d.) from
Buffalo Turbine (USA) with rotary brushes and powerful
air flows was used, as well as the Vammas T600 (n.d.) from
Fortbrand Services (Finland), which combines mechanical
brushes with air systems for effective contaminant removal.

The selection and testing of chemicals for melting
ice and snow was also part of the study. Various chemi-
cals were evaluated at different temperature conditions,
including salts and antifreeze, to determine their effect
on lane clearance. Methods of combining chemicals with
high-speed air flows to achieve even distribution and fast-
er evaporation of the chemicals were analysed. The chem-
icals used included Calcium Magnesium Acetate (CMA)
from Cryotech Deicing Technology (USA) for melting ice
and snow (Yang et al., 2022), Potassium Acetate from Na-
churs Alpine Solutions (USA) to melt ice at low temper-
atures (Sajid et al., 2021), and Sand & Salt Mixture from
Cargill (USA) to improve traction in winter conditions
(Pérez-Fortes et al., 2022).

The effectiveness of the integration of automatic
runway management systems and sensors for monitoring
conditions and pollution levels was assessed by analysing
the quality of their interaction, including the use of sensor
systems to collect real-time data on weather conditions,
pollution levels and runway conditions. It was analysed
how automatic control systems, by processing sensor data
using real-time methods and adaptive control algorithms,
could adapt the cleaning process to changing conditions,
ensuring a timely and effective response to pollution. Al-
gorithms were developed to optimize cleaning and reduce
lane maintenance costs using machine learning and opti-
mization models. These methods provided a comprehen-
sive assessment of the effectiveness of modern runway
cleaning technologies, allowing us to find optimal solutions
to improve safety and reduce airport maintenance costs.

One of the main elements of the study was to ex-
amine the impact of different aircraft models on runway
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conditions, in particular their impact on surface cleaning
and contamination. The impact of both large aircraft, such
as the Boeing 747 (USA), and medium-haul models, such
as the Airbus A320 (France/Germany), were analysed. Par-
ticular attention was paid to the latest technological solu-
tions introduced by the Boeing 787 Dreamliner (USA), as
well as light aircraft such as the Cessna 172 (USA). The aim
of this analysis was to assess the specific characteristics of
each aircraft model and their impact on runway pollution,
including rubber residues, pavement wear and cleaning
requirements. This allowed us to identify the most effec-
tive strategies for maintaining runway pavement quality by
adapting cleaning methods according to the type of aircraft
and its impact on the runway surface, which contributed to
the efficiency and safety of airport operations.

Results

Different aircraft models have different weight characteris-
tics and landing gear types that affect the load distribution
on runways. In particular, heavy aircraft with a large land-
ing weight can cause significant deformation and damage
to the runway pavement, which reduces its durability and
safety. In addition, different types of landing gear may have
different cushioning mechanisms, which also affects the
degree of wear on the surface during landing and take-off.

The Boeing 747, also known as the “Jumbo Jet”, is one
of the largest commercial aircraft in the world. The Boeing
747 has a significant weight, which, depending on the mod-
el, can range from approximately 180 to 220 tonnes when
empty (Fig. 1). This places a high load on the runway during
landing. Heavy aircraft, such as the Boeing 747, can leave
deep rubber marks that are difficult to remove. The heavy
weight of the aircraft during landing and take-off can cause
the top layer of the runway surface to break down, resulting
in more frequent replacement or repair. During braking,
significant rubber marks are formed on the runway surface,
which contributes to wear and tear on the pavement and
requires frequent maintenance and repair.

Figure 1. Diagram of the Boeing 747 aircraft
Source: Boeing 747-8 (n.d.)

The Boeing 747 landing gear consists of four main land-
ing gear located under the wings and body of the aircraft,
and one front landing gear. The main landing gear is fitted
with multiple wheels (typically 4 wheels per landing gear)
to distribute the weight of the aircraft evenly on the run-
way. This weight distribution is critical to prevent excessive
stress on certain areas of the runway. The runways on which
the Boeing 747 landing gear is designed must be long (typ-
ically 3 to 4 km) and constructed of high-quality materials,
such as reinforced concrete or special asphalt pavements,
which are able to withstand heavy loads and are resistant
to wear and tear and large amounts of rubber footprints.

The Airbus A320 is a popular medium-haul aircraft
(Fig. 2). It weighs around 70 to 80 tonnes when empty.
Compared to larger aircraft, the load on the runway during
its landing and take-off is significantly lower, so it causes
less wear and tear and leaves less rubber on the pavement.
Although the high frequency of flights can cause dust and
fine particles to accumulate, less intensive cleaning is re-
quired than for larger aircraft.
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Figure 2. Schematic of the Airbus A320 aircraft
Source: Airbus A320 (n.d.)

The Airbus A320 landing gear comprises two main com-
ponents: the front (dural) and main (two-wheel) landing
gear. The main landing gear consists of two pairs of wheels,
each of which is mounted on a suspension to provide relia-
ble support during landing and take-off. The wheels of the
main landing gear are designed for use on runways from
2,500 to 3,000 m long and can withstand various types of
surfaces, including concrete and asphalt strips. An impor-
tant feature is also the shock absorption, which softens
impacts and reduces wear and tear on the runway surface,
ensuring safety and comfort during landing and take-off.

The Boeing 787 Dreamliner is the latest aircraft
equipped with lightweight materials and modern technolo-
gies that reduce runway impact (Fig. 3). Its empty weight is
around 130 to 150 tonnes. The landing gear of this aircraft
is designed for runways with a minimum length of 2,400 m
and can be used on various types of surfaces, including as-
phalt and concrete. Advanced braking systems and special-
ized tyres ensure less wear and tear on the pavement and
less rubber remaining on the runway. This, in turn, reduces
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the level of contamination of the lane and reduces the need
for frequent cleaning.
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Figure 3. Schematic of the Boeing 787 Dreamliner aircraft
Source: Boeing 787 Dreamliner (n.d.)

The Cessna 172 is a lightweight aircraft often used for
training and private flights. Its empty weight is around
1,200 to 1,300 kg (Fig. 4). This aircraft has a lower impact
on runways due to its lightness and lower load, which does
not cause significant wear and tear or runway contamina-
tion, but frequent use can contribute to the accumulation
of light contaminants (dust).

The Cessna 172 landing gear is equipped with standard
pneumatic wheels with shock absorption systems designed
for medium runways (approximately 800 to 1,500 m). It is
suitable for various types of surfaces, including asphalt and
concrete runways, as well as non-asphalt surfaces such as
dirt or grass runways. The pneumatic wheels provide good
cushioning and reduce surface impact, but regular use on
unpaved or uneven surfaces can lead to dust and fine parti-
cles accumulating, requiring periodic runway cleaning.

Different aircraft models have a significant impact on
runway conditions, ranging from heavy wear and tear from

heavy aircraft to less pollution from light aircraft. This
study shows that each aircraft type requires a different ap-
proach to runway cleaning and maintenance management.
Knowing these impacts allows for the development of ef-
fective strategies to keep runways in excellent condition
and ensure flight safety. Table 1 shows the impact of dif-
ferent aircraft on runways depending on their weight and
landing gear type.
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Figure 4. Schematic of the Cessna 172 aircraft
Source: Cessna 172 (n.d.)

Table 1. Impact of different aircraft on runways

Maximum

Aircraft take-off

Chassis type

(min.)

Strip length

Type of coating Impact on the coating

weight (kg)

Boeing 747 400,000 Pneumatic wheels 3,000 Asphalt, concrete High pressure, significant coating wear
Airbus A320 77,000 Pneumatic wheels 2,500 Asphalt, concrete Medium pressure, moderate coating wear
Boeing .787 250,000 Pneumatic wheels 2,500 Asphalt, concrete Moderate pressure, medium coating wear
Dreamliner

Cessna 172 1,100 Pneumatic wheels 800 Asphalt, concrete, soil Low pressure, low coating wear

Source: compiled by the author based on data from E. Toraldo et al. (2023)

The aerodynamic properties of the airflow generated
by an aircraft during its movement have a significant im-
pact on the condition of runways (Frant et al., 2024). Dur-
ing acceleration and take-off, an aircraft creates a power-
ful air jet that can interact with the runway surface. This
natural airflow can ultimately help remove light contam-
inants, such as dust or small particles of debris, that are
present on the surface.

When an aircraft is travelling on the runway, the air-
flow generated by its speed is quite strong. This can lead to
the separation and lifting of fine particles, which are then
blown to the side or lifted into the air. In this way, light
contaminants can be partially removed due to the natural
aerodynamic effect.

However, this cleaning method has significant limita-
tions. First and foremost, the impact of the airflow is not
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sufficient to remove more serious contaminants such as ice
or snow. These types of contaminants, especially in large
quantities, are heavy and cannot be effectively removed by
the simple action of airflow. Ice, for example, has a high den-
sity and strength, which makes it resistant to wind effects.
Snow, in turn, can stick to the surface of the runway and
turn into a crust, making it even more difficult to remove.

Therefore, additional measures are required to ensure
flight safety and maintain optimal runway conditions. De-
pending on the type and extent of contamination, different
cleaning methods can be used, such as mechanical, chem-
ical or combined approaches. For example, to remove ice
and snow, specialized machines with heated or mechanical
means are often used to effectively cope with such condi-
tions. Two models are worth highlighting among these ma-
chines: Buffalo Turbine and Vammas T600.

The Buffalo Turbine, developed in the USA, is one of
the most effective snow and ice removal machines thanks
to its innovative approach (Fig. 5). The main advantage
of this machine is the use of powerful rotating brushes,
which, together with powerful airflows, allow for fast and
efficient removal of fine particles and dirt from runways.
The brushes rotate at high speeds, which helps to distrib-
ute the airflow in such a way as to blow snow and ice off
the runway surface, reducing the need for subsequent me-
chanical treatment. This is particularly important in high
snowfall conditions, where traditional cleaning methods
may be less effective.

Figure 5. Buffalo Turbine
Source: Buffalo Turbine (n.d.)

In contrast to the Buffalo Turbine, the Vammas T600,
manufactured in Finland, provides a more comprehensive
approach to runway clearing (Fig. 6). This machine com-
bines mechanical and airborne methods, allowing it to
effectively deal with both light snow and heavy frozen ice
formations. It is equipped with rotary brushes that me-
chanically remove snow and ice, as well as powerful fans
that provide additional cleaning efficiency by using airflow.
This combined approach makes the Vammas T600 a versa-
tile cleaning tool that can adapt to different weather con-
ditions and levels of dirt.

Both of these machines demonstrate how innovative
technology can be used to improve the efficiency of the
runway cleaning process. The Buffalo Turbine with its air-
flow orientation and the Vammas T600 with its combined

mechanical and airborne approach are currently the
best-specialized tools for ensuring good runway surface
quality at airports. This underlines the importance of contin-
uous investment in the latest technology to maintain high
standards of safety and efficiency in aviation infrastructure.

Figure 6. Vammas T600
Source: Vammas T600 (n.d.)

Chemical cleaning methods involve the use of special-
ized reagents that help to effectively combat ice formation
and ensure that the surface of the strips is properly rough.
One of the most commonly used reagents is CMA. CMA is
effective in melting ice and snow due to its chemical com-
position, which contains calcium and magnesium and reacts
with water. This reaction lowers the freezing point of water,
which allows CMA to melt ice and snow at low temperatures.
CMA has an advantage over traditional salt and calcium be-
cause it is less aggressive to surfaces and the environment.
It reduces corrosion and minimizes the environmental im-
pact, making it a popular choice for airport runway deicing.

Potassium Acetate is another effective deicing agent
used to melt ice at low temperatures. Potassium Acetate
has the ability to remain active and effective at very low
temperatures due to the presence of potassium, making it
particularly useful in harsh winters. It dissolves ice quickly,
allowing for faster and safer runway clearance.

To improve runway surface roughness in winter condi-
tions, a “Sand & Salt Mixture” is used, where the main ac-
tive chemical element is sodium, which provides increased
traction and prevents ice formation. This mixture provides
improved traction between aircraft wheels and the runway
surface, reducing the risk of skidding and ensuring a more
stable and safe landing. The sand and salt mixture not only
improves traction, but also helps to melt ice, providing ad-
ditional safety for aviation operations.

The use of chemicals is an essential part of the win-
ter runway management system. Specialized reagents such
as CMA and Potassium Acetate, together with a mixture of
sand and salt, provide effective ice and snow removal, and
improve runway roughness and safety. Their use contrib-
utes to the safe operation of airports in winter and helps
maintain high aviation safety standards.

Therefore, while the aerodynamic properties of air-
flow can be useful for removing light contaminants from
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runway surfaces, their impact is limited and insufficient to
address all contamination issues. It is important to inte-
grate additional technological measures to ensure a high
level of runway cleanliness and safety, especially in condi-
tions of significant contamination, which is critical to the
safety of aviation operations.

In runway cleaning technologies, high-speed airflows
play a critical role in ensuring that contaminants are re-
moved efficiently without damaging the runway surface
(Vidal et al., 2023). The use of powerful turbines or fans to
create concentrated jets of air can remove fine dust parti-
cles, sand, and other light contaminants that can accumu-
late on the surface.

This cleaning method is particularly useful when
traditional mechanical methods may not be sufficient or
may cause damage to the pavement. Directional airflows
provide an effective way to remove contaminants without
physical contact, helping to maintain runway integrity.

Runway cleaning systems use large fans on specialized
vehicles to ensure high performance (Alabi et al., 2021).
One example of such a vehicle is the Schmidtsdrift Sweep-
er, which is equipped with powerful fan systems and has
various nozzles and controls to precisely control the direc-
tion and speed of the airflow (Fig. 7).

This vehicle allows for the effective removal of contam-
inants without chemical or mechanical methods that can
damage the pavement. An important advantage is its ability
to reduce the risk of damage to runway pavement, as the
airflow does not come into direct contact with the surface.

This helps to avoid wear and tear on materials, which is
critical for the long-term operation of airports. Therefore,
airflow-based technologies like the Schmidtsdrift Sweeper
are the ideal choice for regular maintenance, keeping the
surface clean and safe without compromising its integrity.

At airports, maintaining runways in excellent condi-
tion is critical to the safety of aviation operations (Cunha et
al., 2021). One effective approach to cleaning such surfaces
is to integrate an aeronautical approach with chemicals.
This method combines the advantages of both physical and
chemical processes to achieve optimal results in removing
ice and snow from runway surfaces (Table 2).

Figure 7. Schmidtsdrift Sweeper

Source: South Cambs District Council: Electric operation reduces
driver fatigue! (2024)

Table 2. Evaluation of the effectiveness of aeronautical methods
in the process of runway cleaning from contamination

Type of pollution Cleaning method
Snow
Ice Aeronautical method

Dust particles

Air flow (m%/s) Deleted (d/m?)
60 8.0
60 7.5
60 9.0

Source: compiled by the author based on data from M.V. Corraza and P. Di Mascio (2024)

Chemicals used to melt ice or snow play a key role in
this process. Some of the most common runway deicing
reagents include salts, such as sodium chloride (salt) or
calcium chloride, as well as specialized mixtures, such as
potassium acetate or urotropin-based mixtures, which
are designed to melt frozen layers more quickly and ef-
fectively (Muldma et al., n.d.). Once applied to the sur-
face, the reagents begin to interact with the ice cover,
lowering the freezing point of the water and accelerating
the melting process.

However, the efficiency of using chemicals is signifi-
cantly increased by using an aerial approach. This approach
involves the use of airflows to evenly distribute chemicals
over the entire runway surface. High-speed air flows creat-
ed by powerful fans or turbines ensure an even distribution
of chemicals, which contributes to more efficient melting
of ice and snow and prevents the formation of undesirable
irregularities or irregularities on the surface.

An additional advantage of using airflow is that it accel-
erates the evaporation of chemical residue after treatment.
Once the chemical has melted the ice or snow, the residue
must be removed quickly to ensure that it does not interfere
with the continued operation of the runway. Promoting the
evaporation of the residue with air currents helps to prepare
the surface for subsequent aviation operations more quickly
and reduces the risk of possible negative effects from the
chemicals used, such as corrosion or environmental pollu-
tion. Thus, the combination of chemicals and an aeronauti-
cal approach can achieve significant benefits in the runway
deicing process. This approach not only ensures effective
removal of ice and snow, but also improves safety on run-
ways, keeping them in excellent condition for the smooth
operation of airports. The integration of these technologies
demonstrates an innovative approach to managing winter
conditions at airfields and opens up new opportunities to
improve the efficiency and safety of aviation operations.

Journal of Mechanical Engineering and Transport, Vol. 10, No. 2, 2024
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Runway deicing is an important aspect of ensuring increasingly popular due to their efficiency and speed.
the safety of aviation operations, especially in winter = However, despite the many advantages of such tech-
weather conditions (Table 3). Technologies that use pow-  niques, their intensive use can lead to serious problems,
erful air currents to remove ice and snow are becoming such as runway surface erosion.

Table 3. Analysis of the possibility of reducing the cleaning time and reducing the risk of damage to the lane surface

Cleaning method Cleaning time (min) Risk of coating damage (%) Time savings (%)
High-speed flows 25 5 40
Traditional mechanical methods 45 10 -

Source: ompiled by the author based on data from Y. Wu et al. (2022)

Surface erosion occurs when the powerful air jets used  involve the use of specialized equipment such as mobile
for cleaning cause particles of runway pavement material  air cleaners, which are equipped with adjustable fans and
to fly into the atmosphere (Jamieson and White, 2021). This  nozzles to precisely control the airflow intensity and angle
process can gradually reduce the thickness and structure of  of the jet, allowing for optimal adjustment of the impact on
the pavement, which in turn can affect its performance. In-  the runway surface and reducing the risk of damage.

creased roughness or reduced surface strength can reduce Additionally, it is important to implement regular
the grip coefficient of aircraft tyres on the pavement, which  monitoring of the runway pavement to detect any signs of
can compromise flight safety. erosion or other damage. This will allow prompt action to

One of the main risks of erosion is that the runway sur-  be taken to repair and restore the surface, preventing fur-
face can become more vulnerable to further damage, such  ther deterioration.
as cracks or wear, which can occur over time. This damage Although the use of high-powered airflows is an ef-
can affect the quality of the surface and its ability to with-  fective method of runway cleaning, the potential risks of
stand heavy loads, which is critical to the safety of aircraft  surface erosion must be taken into account. A balanced
during take-off and landing. Additionally, erosion can re-  approach to the application of these technologies, with a
sult in frequent repairs or replacement of the pavement, focus on controlling the intensity of airflows and regular
which can increase the cost of airfield maintenance. monitoring of the pavement condition, will help maintain

To avoid such negative consequences, it is crucial tobe  runway quality and ensure the safety of aviation operations
careful when using air jet cleaning methods. The strength  (MoghimiEsfandabadi et al., 2023). Modern automation
and angle of the air jet must be precisely controlled, which ~ technologies and sensor systems open up new opportuni-
should be within 10-30 degrees of the surface to minimize ties to improve cleaning efficiency and adapt to changing
the risk of damage to the coating. For example, this may  weather conditions (Table 4).

Table 4. Study of the integration of aeronautical methods with automatic control systems and sensors

System Impact on Environmental Cost reduction Control Notes
Y safety (points) impact (points) (%) accuracy (%)
Automatic systems 8 7 15 20 Improved control accuracy
Sensors 9 3 12 25 Reducing the negative impact on the
environment
Source: compiled by the author based on data from A.O. Aderibigbe et al. (2023)
The integration of aeronautical methods with modern Sensor systems also help to improve resource efficien-

sensors and automatic control systems allows for the cre-  cy. For example, systems that monitor the consumption of
ation of dynamic and adaptive runway cleaning systems. chemicals or water for cleaning can automatically adjust
The sensors on the cleaning equipment are able to moni-  the flow of chemicals depending on the degree of surface
tor the runway surface in real time, including the level of  contamination. This reduces material costs and environ-
contamination and the presence of ice or snow. This data  mental impact, while ensuring effective cleaning.

allows automatic systems to adjust equipment parameters, In addition, automation reduces the human factor that
such as air jet intensity or machine speed, to ensure op- can affect the quality of work. Automated systems perform
timal cleaning conditions. One of the advantages of such  tasks with high accuracy, which reduces the risk of errors and
automated systems is their ability to respond quickly to increases the overall efficiency of the cleaning process. Impor-
changes in weather conditions. For example, if the weather  tantly, such systems can also monitor the condition of runways
deteriorates sharply or snowfall increases, sensors can de-  and generate reports on the work performed, which helps with
tect these changes and automatically adjust the cleaning  maintenance management and planning further activities.

system. This ensures that runway quality is maintained and The integration of aeronautical methods with sen-
prevents the accumulation of unwanted contaminants that ~ sors and automatic control systems represents a signifi-
can be dangerous for aircraft. cant step forward in ensuring the safety and efficiency of
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runway cleaning. These technologies enable fast and ac-
curate response to changing conditions, reduce costs and
improve the quality of cleaning, which is critical to main-
taining the safety of aviation operations.

Thus, aeronautical impact is a critical component in a
comprehensive approach to runway cleaning, which contrib-
utes to improved flight safety and reduced operating costs.

Discussion

The analysis of the results showed that the aeronautical
impact on runway pollution control is significant and mul-
tifaceted. The study of the impact of the natural airflow
created by different types of aircraft showed that this flow
helps to remove light contaminants such as dust and small
debris. However, its effectiveness was not sufficient to deal
with more serious contaminants such as snow or ice. This
highlighted the need for additional technological solutions
to ensure complete runway cleanliness, especially in severe
weather conditions. This was also investigated by Y. Guo et
al. (2022), where the results confirmed that natural wind
can help clean runways from light contaminants such as
dust or snow by blowing them off the surface. However, its
effectiveness depends on wind speed and direction. At low
speeds or in adverse weather conditions, natural wind may
not be sufficient to keep runways clean.

The effectiveness of technologies using high-speed
air flows was significantly higher compared to traditional
mechanical cleaning methods. The study results confirmed
that such technologies can significantly reduce the cleaning
time and reduce the risk of damage to the lane pavement. In
particular, the use of powerful turbines and fans to create di-
rectional airflows has shown to be advantageous in remov-
ing contaminants without damaging the lane surface, mak-
ing these methods more efficient and safer. A. Esposito et
al. (2022) concluded that high-speed airflows effectively
blow away light contaminants such as dust and snow faster
than mechanical methods. They are also less aggressive to
the lane surface, reducing the risk of damage and the need
for frequent repairs. In the study by A. Rabajczyk et al. (2021),
the authors found that high-speed airflows reduce cleaning
time and reduce the risk of damage to the lane coating be-
cause they do not physically contact the surface. This al-
lows the lane to be ready for use faster and reduces the need
for repairs. These results support the study cited above, as
they demonstrate that high-speed airflows are indeed ef-
fective in cleaning runways, reducing the time required
for the process and reducing the risk of pavement damage.
The data shows that the use of airflow not only speeds up
cleaning, but also reduces the need for mechanical methods
that can damage the surface. This confirms the benefits of
implementing high-speed air systems as the optimal solu-
tion for keeping lanes clean in a safe and efficient manner.

The study of the combined use of aerial methods with
chemical reagents also showed positive results. The air
flows used in conjunction with the reagents contributed to
an even distribution and faster evaporation of chemicals,
which significantly increased the efficiency of ice and snow

removal. This reduced the need for repeated treatments and
increased the overall efficiency of the cleaning process. It is
worth noting the work of O. Bafakeeh et al. (2021), who also
found that combining aeronautical methods with chemicals
increases the efficiency of runway cleaning. Aeronautical
methods remove light contaminants, while chemicals, such
as saline solutions, soften ice and snow, making them eas-
ier to remove. In turn, H. Sparacino et al. (2022) conclud-
ed that the use of aerial methods together with chemicals
significantly improves ice and snow removal. The chem-
icals soften the ice and the airflow effectively removes it,
ensuring that runways are cleared quickly and efficiently.
These findings are consistent with the current study, as they
confirm that the combined use of aeronautical techniques
and chemicals significantly improves runway deicing per-
formance. They demonstrate how the integration of these
technologies can provide faster and better ice and snow re-
moval, which is consistent with the arguments made earlier
about the benefits of an integrated approach to cleaning.

Assessment of the potential risk of runway surface
erosion due to intensive use of air traffic has highlighted
the need for careful monitoring and management of such
technologies. Although aeronautical methods have proven
to be effective, there is a risk of potential damage to the
runway surface. This highlights the importance of develop-
ing guidelines for the safe use of new technologies to pre-
vent negative impacts. E. Aydogan & S. Demirel (2022) also
conducted a study that confirmed that chemicals and me-
chanical cleaning methods can cause runway surface ero-
sion, leading to wear and tear and pavement defects. This
can degrade the runway and affect flight safety. Therefore,
it is important to choose cleaning methods that minimize
the risk of erosion and ensure the durability of the pave-
ment. Furthermore, M.T. Miah et al. (2022) found that new
technologies, such as automated systems and innovative
materials, can reduce the risk of erosion and increase the
efficiency of runway cleaning. They suggest less aggressive
chemicals and new methods that reduce pavement dam-
age and improve runway maintenance. Comparing the data
obtained during the research, it can be noted that new run-
way cleaning technologies significantly reduce the risk of
pavement erosion and increase the overall efficiency of the
process. It has been found that the combined use of mod-
ern methods and innovative materials can achieve better
results compared to traditional approaches. This confirms
that the introduction of new technologies not only im-
proves the speed and quality of cleaning, but also helps to
maintain the durability and safety of runways.

The integration of aeronautical methods with auto-
matic control systems and sensors has significantly im-
proved the accuracy and efficiency of cleaning. Automat-
ic control systems have enabled more effective response
to changes in weather conditions and pollution levels,
which has reduced costs and increased the efficiency of
the cleaning process. This has confirmed the importance
of automation in modern airports to optimise resource
use and ensure safety. C. Lv et al. (2022) concluded that

(88 )

Journal of Mechanical Engineering and Transport, Vol. 10, No. 2, 2024



Klokta

the integration of aeronautical methods with automatic
control systems increases the efficiency of runway clean-
ing. Automation allows precise control of the power and
direction of air flows, optimising the cleaning process ac-
cording to weather conditions and type of contamination.
G. Zhu et al. (2022) found that automatic control systems,
particularly sensor systems, can significantly improve the
accuracy and efficiency of cleaning. Although the current
study does not mention laser cleaning, sensor systems can
be integrated with laser cleaning technologies to monitor
and determine the degree of contamination and to auto-
mate the cleaning process. This ensures a quick response
to changing conditions and more efficient removal of con-
taminants from runways, which increases the overall effi-
ciency of airport infrastructure. When analysing the results
of the study, it is clear that the integration of aeronautical
methods with automatic control systems provides signifi-
cant benefits in runway cleaning. Automation of processes
not only increases the accuracy and speed of cleaning, but
also optimises the use of resources and reduces the risk
of errors. This confirms the effectiveness of the combined
approach, which achieves better results than traditional
methods, providing faster and better runway cleaning.
Thus, the study results confirmed that aeronautical
methods are a promising approach to runway cleaning. They
provide high efficiency, reduce the risk of damage and can
be integrated with modern management technologies to im-
prove overall performance. However, to achieve optimal re-
sults, further research and development of these methods is
needed to reduce potential risks and maximise their benefits.

problems such as snow and ice. This points to the need to
integrate additional technologies to fully clean runways.

The efficiency of high-speed airflows generated by
turbines or fans has been proven to be significantly higher
than traditional mechanical methods. These technologies
not only reduce the time required for cleaning, but also
minimize the risk of damage to the lane coating, which is
important for maintaining its longevity.

The combined use of aerial techniques with chemicals
to melt ice and snow has been shown to increase overall
cleaning efficiency. Airflows help to distribute the chemi-
cals evenly and evaporate them more quickly, reducing the
need for repeated treatments.

An assessment of the potential risk of runway sur-
face erosion showed that care must be taken when apply-
ing high-powered airflows to avoid adverse effects on the
runway surface. The integration of aeronautical methods
with automatic control systems and sensors increases the
accuracy and efficiency of cleaning, ensuring adaptation to
changing weather conditions and reducing costs.

In general, the study results confirm that aeronautical
methods are promising for improving the runway cleaning
process, providing new opportunities to improve the safety
and economic efficiency of aviation operations.

In order to fully understand the aeronautical impact
on runway cleaning, the long-term effects of intensive use
of high-speed air traffic on runway pavement wear and du-
rability need to be further investigated. The limitation of
this study is that it does not take into account the effect
of different runway pavement types on the effectiveness of
aeronautical cleaning methods.

Conclusions
The study confirmed the effectiveness of new technolog- Acknowledgements
ical solutions in keeping runways clean. It was found that  None.
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AepOHaBTOJIOriYHMIA BNJIMB Ha NPOLLEC OYULLEHHS
3NiTHO-NOCagKOBUX CMYT Bif, 3a6pyAHEHb

AHoTauiq. [JocTiIKeHHS CIIpsSIMOBaHe Ha aHasli3 aepOHABTOMOTIYHMX METO/IiB OUMIIEHHS 3/1iTHO-TOCaIKOBUX CMYT Bif
3a6pygHeHb AJIs MiABUIeHHS e(DeKTMBHOCTI 06CIyrOBYBaHHS Ta Oe3IeKu aBialliiiHuX omneparliii. Y gociiakeHHi 6yin
BUKOPUCTaHi aepoanHaMiuHi aHaIi31, JaHi 100 TEXHOJIOTi} BUCOKOMIBUIAKICHUX MMOBITPSHUX TTOTOKIB, XiMiUHMX peareHTiB,
a TaKOXX BMBUYEHI aBTOMATUYHi CMCTEMM YIIPABIiHHS i CEHCOPM JIJIs1 KOMIUIEKCHOT OLIiHKM e()eKTUBHOCTI OUMILEHHS 3JTiTHO-
MOCaZKOBUX CMYT BiJl 3a06pyqHeHb. Pe3yibTaTy JOCTiIKEHHS TTOKa3aJI1, 1110 BUKOPUCTAHHSI a€pOHABTOJIOTiYHMUX METO/IiB
OUMIIEHHS 3/TITHO-TI0CaIKOBUX CMYT 3HAUHO ITiIBUIIY€E e(heKTUBHICTb BUAATIEHHS 3a0pyIHEHb, TAKMX K CHIT, JIi[ i MUI0Bi
YacTKU. ByJI0 BUSIBJIEHO, 1110 CIIPSIMOBAHi BYMCOKOIIBMU/IKiICHI TTOTOKY MOBITPs e(heKTUBHO CKOPOUYIOTh YaC OUMIIEHHSI,
TMOPiBHSHO 3 TPAAUIIAHMMM MeXaHiYHMMM MeTOLaMM, 3MeHIIYIOUM PU3UK MOIIKOAYKeHHSI TOKPUTTS cMyT. Kpim Toro,
iHTerparist ux MeToiB i3 cucTeEMaMy aBTOMATUYHOTO YITPABJIiHHS Ta CEHCOPAMM JO3BOJISIE MTiBULIVTY O€3I1eKY OUMIIEHHS
i 3MEHIINTY HEeraTUBHUI BILUIMB Ha HAaBKOJIMIIIHE cepenoBuiie. Kom6iHOBaHEe BUKOPMCTAHHS a€POHABTOJIOTIUHMX TEXHOJIOTI N
3 XiMiUHMMU peareHTamMu Takox O6yJ10 BU3HAHO e(DeKTUBHUM, 1[0 POOUTH I1i MiXOIM TIEPCITEKTUBHMMM JJIST 3aCTOCYBaHHS B
aeporopTax 3 BUCOKOIO iHT@HCUBHICTIO TObOTiB. JOCTimKeHHS MiATBePANIIO AOL/IbHICTb BIIPOBAYKEHHS TAKMUX TEXHOJIOTi
1151 3abe3MeveHHs 6e31eKky Ta eKOHOMiuHO1 e)eKTMBHOCTI aBialiiiHux onepariiii. AHasIi3 TaKOK BUSIBUB, 1110 BUKOPUCTAHHS
aepOHABTOJIOTIYHMX METO/IiB 3MEHIITYe HeOOXiIHICTh YaCTUX IMTOBTOPHMUX OUMINEHD 3/1iTHO-TIOCaIKOBUX CMYT, 1[0 CITPUSIE
3HIKEHHIO eKCIUTyaTalliiiHuX BUTpaT. Kpim TOro, 3aCTOCYBaHHS LIMX TeXHOJIOTiH CIIpusie 3MeHIIeHHIO KiJIbKOCTI BifK/IageHb
Ha TTOBepXHi CMYT, 1110 TO3UTUBHO BIIMBAE HA JOBTOBIUHICTb iXHBOTO MOKPUTTS. JOC/iI>keHHSI BHOCUTDb HOBUIA TTiAXi[I,
IO OUMIIEHHST 3JTITHO-ITOCAIKOBMUX CMYT, ITOKa3yl0UM, IK aepOHABTOJIOTUHI METOAM MOXKYTb IiABUIINTY €(PEKTUBHICTD,
6e31eKy Ta eKOHOMIUHiCTh aBialliliHMX OIepalliii, 110 BigKpUBae MepCcreKTUBY /IS TOAaIbIIMX iHHOBAllil Y 11ilt cdepi

Krno4oBi crioBa: BUCOKOIIBMUAKICHI MOTOKY IMOBITPsI; aBTOMaTUYHE YIPABJiHHS; XiMiUHi peareHTu; MOUIKOIKEHHS
TTOKPUTTS; BIUIMB Ha HABKOJIUILIHE CepeOBUIIe
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