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Abstract

The current full-range problem posed by the COVID-19 virus is being fought in every area, from health care, through economics,
to technology. Designers in various fields are known for technological measures to reduce the restrictions resulting from
measures against the spread of the virus. Aviation has suffered from the grounding of aircraft and the cessation of air traffic
perhaps the most, so there is an effort to restart the operation of aircraft. The present article deals with the design of the
implementation of air disinfection in the cockpit, to ensure the maximum possible safety during flight. During the research, the
authors focused on the use of disinfection using ultraviolet radiation and its possibility of incorporation into the ventilation
system of aircraft. The research results represent specific proposals and design of the installation for the aircraft Airbus A320 and
represent specific proposals for general installation in aviation. Such a system could in the future increase the safety of flying due
to the spread of viruses and bacteria in the cockpit of the aircraft and allow the resumption of air traffic.
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1. Introduction

With the advent of the spread of the SARS-CoV-2 (covid-19) virus, there have been changes in various spheres
from economy, through health care to transport. With the restriction of movement, the transport of the population
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decreased rapidly and of all types of transport were limited, air transport remained the most affected. If airlines have
to comply with one set of regulations at the departure and another set, when a flight arrives in another country, the
situation will be extremely difficult for the aviation industry. Various risks in aviation was discussed by Galierikova
et al. (2018). In terms of Eurocontrol statistics (Aviation recovery, 2020), the use of air transport decreased by
almost 90% comparing January 2020 and April 2020 (Figure 1).

Scenario "Coordinated Measures" is based on a common approach to the implementation of operating procedures
and the removal of national restrictions. This is the main requirement for airlines and airports to support their
recovery. The scenario of "Uncoordinated Measures" assumes that this common approach will not be applied.
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Fig. 1. EUROCONTROL Draft Traffic Scenarios - 24 April 2020 (base year 2019). Source: Aviation recovery, 2020.

At present (July 2020), air transport is only slowly resuming and, despite measures at airports and airplanes, the
spread of the virus is still high. Taking all these factors into account, the projected total loss of revenue in the
aviation industry will be around €110 billion in 2020 for airlines, airports and ANSPs. (Aviation recovery, 2020)

From an economic point of view, it is essential to relaunch air transport to protect airlines and downstream
industries from bankruptcy. The aim of the article is to analyze the use of methods to reduce the impact of the spread
of the COVID-19 virus within the cockpit and thus to increase air safety during a pandemic. The proposals in the
article are an attempt by the authors to contribute to the 'Coordinated Measures' section and thus increase the
operation of airlines.

2. Cabin Air Propagation

At the beginning of the solution it is necessary to define the parameters that need to be worked with. The diameter
of the COVID-19 virus is of the order of only /00 nm and its survival time is approximately 1 hour in air and up to
10 hours on various surfaces. Based on these data, it is necessary to determine adequate means against its
dissemination. (Bar-On et al., 2020)

During flight, it is possible to limit the transmission of the virus through contact with surfaces, but the most
problematic area is airborne spread. Standard ventilation systems in aircraft allow air circulation "from top to
bottom" (Figure 2). The total air distribution is supplied from the outside environment, heated by hot air from the
engine compressor and then supplied to the aircraft cabin. In most cases, such as the Airbus A320, the cockpit is
divided into 3 zones, which allow their temperature to be regulated independently, but the air from these zones is
further recirculated together. Up to 60% of cabin air is reused in a standard aircraft. The main reason is mainly the
saving of fuel to heat the air from the outside environment. This is the main reason why air travel is dangerous due to
the spread of the COVID-19.



Pavol Pecho et al. / Transportation Research Procedia 51 (2020) 313-322 315

Fig. 2. Air propagation paths through the ventilation system in the aircraft. Source: Airborne Illness Risk, 2020.
2.1. Air propagation in the cabin

The modeling of air passenger flow (Matas and Novak, 2008), distribution and spread of air in the cabin is a
complex problem that is currently being addressed separately and represents a field for further innovation. In
addition to the COVID-19 virus, this is a general problem of spreading any disease, from the common flu to deadly
diseases, and last but not least, ensuring the safety and comfort of passengers.

Air propagation simulations (Figure 3 (left)) show that the currently designed systems make it possible to
eliminate contact with the ambient air by means of additional ventilation openings directly above the passenger's
head (Figure 3 (right)). Their deactivation leads to the access of ambient air to the passenger and thus to the risk of
inhaling contaminated air.

Fig. 3. Simulation of air velocity and air distribution of the ventilation system in the aircraft cabin (left) air vents for air distribution above the
passenger seat (right). Source: Aerospace Examples And Applications, 2020.
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As shown in Figure 4, the diagram describes the control of air circulation and supply via the "Air Condition Pack
1 & 2" unit. In these units, the hot bleed air heated by engines compressors is mixed with the outside cold air to
ensure the optimum temperature. The airflow, heating and start-up parameters are displayed in the cockpit via the
Electronic Centralized Aircraft Monitor (ECAM) screen on a page called “Pneumatic System Display” section -
Bleed Air. In Figure 2 and Figure 4 air circulation paths for entering and leaving the cab are shown. (IATA, 2018)
The pale blue path represents the ingress of air from the "mixer unit" and the air from the "bleed air" into the cabin
and the dark blue path represents the recirculation through the fans and filters back to the "mixer unit".
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Fig. 4. Air distribution scheme on board the Airbus A320. Source: Aircraft air generation, 2016.

Depending on the type of aircraft and the number of passengers, the number of filters used in the air recirculation
system also varies. The following Table 1 shows the number of filters for specific types of Airbus and Boeing
aircraft.

Table 1. Number of air ventilation filters on board according to aircraft type and number of passengers. Source: Michaelis & Loraine, 2005.

Aircraft type Maximum number of passengers No. of Filters
Airbus A300-600/A310 298/247 3
Airbus
A318/A319/A320/A321 H7/134/164/199 2
Airbus A330/A340 From 293 for A330-200 up to 419 for A340- 4 (8 on extended range
600 type)
Boeing 737 -300, -500, -600,

700 Up to 149 1

Boeing 737 -400, -800, -900 Up to 189 2
Boeing 747-400 Up to 524 in 2nd class layout 10
Boeing 757 228 (-200), 280 (-300) 2

Boeing 767 Up to 375 2

Boeing 777 Up to 550 8
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In the context of air filtration and the filters used, these are High-Efficiency Particulate Arrestors (HEPA) filters
with a stated efficiency of 99%. The main advantages of using these types of filters in aircraft include: minimum
weight, C check filter element service life, control of microbial and viral contaminants without the need for chemical
additives, coatings, or other surface treatments, odor/VOC removal available as an option, high dirt-holding
capacity, minimum pressure loss, high collapse strength. The interval varies by aircraft. Most airlines replace cabin
air filters at regular "hard time" intervals to fit in with routine scheduled maintenance periods (Bugaj, 2005), as long
as these intervals do not exceed filter manufacturers’ recommendations (IATA, 2018).

2.2. Heating, Ventilation, and Air Conditioning Duct System

It is clear from Figures 2 and 4 that the HEPA filters are located in the cargo space below the aircraft deck. (Lim
& Blatchley, 2009) The following Figure 5 (right) shows a view of an exposed part of the wall in the cargo space,
behind which is a ventilation system. It is the Airbus A320 with two filters used, which are directly connected to the
recirculation fan. Figure 5 (left) 47/5000 shows a dimensional drawing of the HEPA filter in section view in
software Autodesk Inventor 2019.

650,00

240,00
450,00

e

Fig. 5. Mixer unit of recirculating cabin air with HEPA filters and recirculating fans inside Airbus A320 (right). Source: Win, 2018. Dimensional
drawing of the A320 HEPA filter in section view (left). Source Authors.

For a better understanding of the ventilation system, it is also necessary to know its performance or flow
parameters. The flow rate of outside air per seat ranges from 5.9 to 9.6 L/s (12.4 to 20.4 c¢fin [Cubic Feet per
Minute]) on older aircraft without recirculation and from 3.6 to 7.4 L/s (7.6 to 15.6 c¢fm) on aircraft with
recirculation. (Brady, 2020). The percentage of recirculated air distributed to the passenger cabin typically is 30—
55% of the total air supply. Some models of aircraft can use different amounts of recirculation or turn recirculation
off. Other models are programmed to use different amounts of recirculated air during climb or descent compared
with cruise. Referring to Table 1, these parameters can be applied to the Airbus A320 and the number of passengers
164. The following Table 2 shows the total air consumption per passenger or per filter (per circuit).

Table 2. Air volume flow of the Airbus A320 ventilation system in various variants. Source: Authors.

. No. Of . . Recirculated Air (30- Air for one recirculation
Air per Passenger (I/s) Passengers Air per Cabin (L/s) 55%) branch (per 1 filter) [30-55%]
max. 3.6 153 550.8 165.2-302.9 82.6 - 151.45
min. 7.4 180 1332 399.6 — 732.6 199.8 — 366.3

It can be seen from Table 2 that in the case of the A320, the amount of air required, depending on the model
variant and the type of recirculation unit, is from 550 to about 1300 litres per second using air, from which it is
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reused for recirculation from 30 to 55%. This information is needed when calculating the disinfection unit to
supplement the original HEPA filter. In the research, the authors dealt with two possibilities of additional
disinfection of air commonly available for civilian use. It was disinfection using ozone generators and disinfection
using UV radiation. Based on the facts about ozone inhaling (Kandera et al., 2019) for the human body, further
research has focused on the use of UV radiation (Anderson, 2020).

2.3. Germicidal Ultraviolet air disinfection

In the area of disinfection, UV radiation distinguishes between disinfection of surfaces or air. These areas are
quite different from each other, because while it is necessary to know the area and time of action at a given radiator
output, the volume flow must be known when disinfecting the air. In the case of UV radiation, it is also necessary to
distinguish the types of radiation according to wavelength and efficiency in eliminating organic constituents:

e A -ultraviolet (UV) rays 100 - 400 nm,
e B - visible (light) rays 400 - 700 nm,
e C -infrared (IR) rays 700 - 800 000 nm.

As part of air disinfection, germicidal radiation is used — UV-C wavelength 253.7 nm, which is invisible. (Bar-
On, 2020) This radiation in the UV-C spectrum causes the death of microorganisms by disrupting their DNA,
damaging their reproductive system and subsequently destroying them. The germicidal effect of UV-C radiation
affects bacteria, viruses, spores, fungi, molds and mites. When disinfecting surfaces, the radiation intensity is
calculated according to the relation:

UV Dose (uWSec/cm?) = UV Intensity (uW /cm?) x Exposure Time (seconds) (1

which characterizes the exposure time as the time during which the UV light is turned on and delivers the UV
surface to the surface. (Arguelles, 2020) In the case of air disinfection, the criteria are more demanding and thus the
relationship in the calculation of radiation source parameters is different. Microorganisms exposed to UVGI
experience an exponential decrease in population similar to other methods of disinfection such as heating,
ozonation, and exposure to ionizing radiation. (EPA, 2020) The single stage exponential decay equation for

microbes exposed to UV irradiation is as follows:
S = e hit @)

where S = surviving fraction of initial microbial population, k = standard rate constant (cm? = mlJ), [ = UV
intensity (mW = ¢cm?), ¢ = time of exposure (seconds) and where 1 mJ = 1 mW*s!. (Arguelles, 2020) From equation
(1) it is possible to determine the minimum exposure time. According to the source (Kowalski et al., 2002), the
radiation dose for elimination of SARS-CoV-2 is D = 36144 J/m?. From the available information and adjustments
to the relationship of radiation intensity, it is possible to determine the relationship to the approximate time of
radiation exposure at a given source power:

t~15x10°("2) 3)

where P is the power rating of the germicidal bulb, # is a coefficient representing heat and scattering losses, and ¢
is expressed in seconds. (Kowalski et al., 2002) The following table shows the minimum exposure time for complete
disinfection of the surface with a given radiation power while maintaining 100% surface disinfection.
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Table 3. Power of the UV emitter for the necessary disinfection of the surface at a given time (3) at a distance of 15 ¢m from the source. Source:
Authors.

Iridation power (W) 15 100 200 500 700 2000
time (s) 7065.0 1059.8 529.9 212.0 151.4 53
time (min.) 117.8 17.7 8.8 3.5 2.5 0.9

The surface of the filter is derived from Figure 5 (left), which represents the dimensions of one filter. Twice times
the area was used for the calculations due to the use of two filters in the system. Table 3 shows that even at a power
of 2000W, less than a minute is still required to completely disinfect the surface at a distance of 15 ¢m from the
source. With regard to Table 2, it is possible to determine that at the maximum occupancy of the A320 aircraft and
the use of 2 filters, the maximum flow of recirculated (potentially contaminated) is 366 1/s. For the purpose of
calculating the mass flow of air in the duct, the following relation was used:

. 4- flow rate
velocity = !

“4)

m -filter diameter?

from which all the quantities from Figure 5 (Left) as well as from Table 2 are known. While maintaining the
values from Table 2 on air recirculation in values from 30% to 50% and the values of maximum and minimum air
flow rates in the cabin, the available values from Table 2 were used to calculate the velocity in the filter. The

calculations resulted in speeds ranging from 1.8 to 8 meters per second. The authors decided to use a mathematical
model for surface disinfection for difficult and inaccurate methods of calculating the mass flow through the filter.

2.4. Implementation of UVC in HVAC systems

From the point of view of the choice of the location of the UV emitter, it is necessary to take into account in
particular the air flow factor in order to allow the contaminated air to remain at the source of UV radiation for as
long as possible. It is necessary to place the source of UV radiation out of reach of passengers and staff of the pole to
avoid damage to the skin or eyes. A suitable place for placement would seems part of the HEPA filter. This location
provides several benefits such as:

e casy availability,
e the place with the lowest air flow,
e ensuring cooling of the UV source (place with low temperature).

While maintaining the dose, we would achieve a total disinfection performance of 3.6 W/cm?. Considering the
total air flow, the consumption of such an additional system must be taken into account. When placing the proposed
component in the ventilation system with two filters and with a power of 2000 W, the total consumption would be
4000 W. When transforming energy via two Constant speed drive (CSD) and Generator Control System (GCS),
approximately 150 kW at a voltage of 115 V (for A320) (More Electric Aircraft, 2020) is supplied from the
mechanical energy to the on-board network. (Win, 2018). When a 50 kW air disinfection source is connected, the
power consumption from the on-board network would be 8%. Taking into account the full potential of electricity
generators, the consumption of UV lamps for the on-board network would be only about 2.6%. An overall view of
the on-board power consumption using a 4000W emitter is shown in Figure 6.
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Fig. 6. An overall view of the on-board power consumption using a 4000W emitter. Source: Authors.

3. Results

The space for mounting the UV emitter can be within the HEPA filter from two perspectives. The first is the
entrance to the filter when the virus particles are trapped on its surface or at its outlet, when the flow rate is
relatively reduced and clean air comes out of the filter. From the point of view of using an UV emitter as an
additional disinfection, it is more advantageous to place it inside the HEPA filter, i.e. at the air outlet from the filter
towards its re-use in the cabin. The following Figure 7 shows the mist situation of the HEPA filter without
additional UV disinfection (left) and with the radiator added (right).

“¢

Fig. 7. Comparison of a 3D model of a HEPA filter without additional disinfection (Left) and with an additional UVC emitter (right). Source:
Authors.

As the UVC radiation is harmful not only to organic substances but also to technical materials, there is a
presumption of damage to the filter (Irving et al., 2016), which is usually made of materials such as PP or PET. It is
clear from the operating procedures that the HEPA filters are changed regularly during heavy maintenance and the
time that the UV emitter is left between maintenance does not represent massive degradation effects in the long run.
It is assumed that the UV emitter will only be in operation after the cabin has been filled with passengers and for a
maximum of 20-30 minutes after leaving it for additional air disinfection as well as the inner surface of the filter to
prevent the spread of micro-organisms in the filter. Despite the high energy required of the radiator, the topic of the
UV disinfection is open and even when applying the source with adequate power to the total consumption of the on-
board network, such a system is only ancillary. (Bugaj et al., 2019) Overall, the implementation of the UV emitter
will only increase safety and reduce the risk of transmitting COVID-19 viral disease.

4. Conclusion

At a time when the number of cases of COVID-19 is constantly increasing in the world, it is necessary to
perceive not only from a health point of view but also the economic effects of the pandemic and to create efforts to
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alleviate it. The article, which focuses on the design of air disinfection in airliners, focuses on currently available
solutions to reduce the spread of the viruses and bacteria in the cabin. In the article, the authors analyzed the air
diffusion in the aircraft cabin and, with regard to the properties of the flow, proposed additional air purification by
means of the UVC radiation into the air distribution system. The proposed system reduces the risk of transmission of
COVID-19 and other diseases and increases the efficiency of the overall filtration of recirculated air. With regard to
the properties of the proposed system, the authors worked with the total energy consumption while maintaining the
parameters of air disinfection with the current air flow for a given type of the Airbus A320 aircraft. The result of the
design is a system that can be implemented in the aircraft without significant intervention in the aircraft design, but
with low effect of the energy consumption of on-board systems. With regard to the current situation, the authors
recommend experimental verification of the effectiveness of the system in practice with acceptable performance
and, in the case of successful verification, subsequent application to aviation technology.
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