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Abstract

The air distribution system commonly used in aiitccabins consists of air supply at the top of
the cabin with exhaust air at the bottom, with mgxiair within the cabin. Due to this mixing
characteristic, this system can disperse infecttssases through the cabin air. The global oukbrea
of SARS (Severe Acute Respiratory Syndrome) viru2003 showed that the spread of airborne
contaminants is still an uncontrollable event, siftcwas quickly spread around the world, mainly
because infected people who traveled by plane d$tamli cities. Facts like these have motivated
governments, companies and research institutioms/ést heavily in research and development. New
aircraft ventilation and air distribution systemasbd on displacement ventilation and underfloor air
distribution are beginning to be tested. In thisteat, in the present work was performed an
experimental analysis of expiratory droplets dismer inside a 12 seats 3 rows 4 abreast regional
aircraft cabin, where heated mannequins were wuseuhulate the presence of people. The tests were
performed considering mixing ventilation (MV) andderfloor air distribution (UFAD), under the
same air supply rate and two air supply temperatut® +0,5 °C and 22 +0,5 °C. The experiments
were performed with full outside air and with thentrol of the particles greater thanuth in the
outside air. Expiratory droplets were generatetivat points of the cabin: near the fuselage and near
the aisle. These particles were generated and edumtthe breathing zone, 1,10 m from the floor, in
each seat in the aircraft. The results show thatpthint of injection of particles, and the air slypp
temperature, have great influence on the dispeesioinparticle concentration throughout the cabin. A
lower air temperature in the cabin favours the fation of thermal plumes within the passengers,
increasing the ventilation efficiency in removingrficles from the cabin. The UFAD system had the
lowest dispersion and greater efficiency in remgvexpiratory droplets from the cabin, being
promising also for its use in aircraft cabins. Therease in expiratory removal of droplets fronp2 t
3um UFAD system with respect to conventional MV wasta 45.5 % and from 3 toun was up to
63.4%.
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1 Introduction

There are many difficulties when it comes to aialgy in aircraft cabins. It requires large
efforts to provide a healthy and comfortable enwinent to pilots, crews and passengers.

In commercial aircraft cabins, high density occuparates result in relatively low ventilation
per person, which can lead to a reduction in tke @dilution of potentially pathogenic contamit&n
exhaled by people. Furthermore, the limited intespace with a large number of occupants causes
passengers getting too close to each other.

The proximity of passengers, combined with low uation rates per person for a long
exposure time, can create a favorable environnantrdnsmission of infectious diseases by contact
and by airborne particles Wan et al. (2009).
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The global outbreak of SARS virus (Severe AcutepiRatory Syndrome) in 2003 showed that
the spread of airborne contaminants can still bermontrollable event, since it was quickly spread
around the world, mainly because it infected pedgdeeling by plane to distant cities Olsen et al.
(2003).

As a result, studies of contamination in aircradbios have been focusing on air pollution
resulting from the dispersion of expiratory polhtsigenerated by people Wan et al. (2005), Zhang et
al. (2009), Wan et al. (2009), Sze To et al. (200%)n et al. (2009), Gupta et al. (2011), Conceicdo
(2012), Bosbach et al. (2012), Chen et al. (20R3ahg et al. (2013).

Although the understanding of airborne contamimation aircraft and other types of
environments have evolved greatly, little is knosbout the dynamics of particles and the influence
of new ventilation systems in particles disperstoncontrol and prevent their spread Morawska,
(2005), Li et al. (2007), Yang, (2007), Nielser)@8), Mdiller et al. (2011), Bosbach et al. (2012).

1.1 Ventilation systems in aircraft cabins

The ventilation system commonly used in aircrafiica is the supply air from the top, through
the ceiling, and exhaustion to the bottom, with imgxof the air in the cabin, Mixing Ventilation —
MV. The result is a nearly uniform temperaturehia tabin and a wide dispersion of contaminants.

Although the MV system typically provides an enwvineent with low temperature stratification,
problems of thermal comfort have been verified.tli@mmore, its feature of mixture can more easily
spread infectious diseases by the cabin air Gab €007) and Zhang et al. (2009).

To try to solve the problems of thermal comfort amdquality, new ventilation systems and air
distribution on aircrafts are beginning to be staldand tested Zhang and Chen, (2007), DLR, (2011)
based on displacement ventilation systems, Dispiac¢ Ventilation - DV and ventilation systems by
the floor, Underfloor Air Distribution - UFAD, aleely applied in some buildings.

2 Objective

This article aims to conduct an experimental ansilg$ dispersion of expiratory particles in
aircraft cabin considering two different ventilatisystems: by mixing ventilation (MV) and by the
underfloor air distribution (UFAD), in mock-up obmmercial aircraft with 12 seats.

3 Methodology

The analysis of the dispersion of expiratory drtgpleas performed inside a mock-up simulating
a regional aircraft cabin with 12 seats, 3 rowshwit abreast. The experiments were performed
considering mixing ventilation (MV) and underfloair distribution (UFAD) under the same air
supply rate and two air supply temperatures: 18 #Q,and 22 +0,5 °C.

The ventilation system by mixing (MV), Figure 1, sveonsidered the usual procedure adopted
in the aerospace industry, with 40% of the suppfjoav by diffusers installed at the top of the bin
and 60% of the supply airflow by diffusers in paytlower side of the bins, with 100% of the exhaust
air flow by grilles installed at the bottom sidetbk cabin. Similarly, the distribution of air thugh
the underfloor (UFAD) system, Figure 2, was congdel00% of the supply airflow by perforated
plates installed in central cabin (corridor) witd4 of the exhaust air flow by localized grids op td
the bins and 60% of the exhaust airflow throughegilocated at the bottom side of the bins.

Following ASHRAE 161, (2007), in each experimeng tbupply airflow rate of 34 m3 / h
(20 cfm) per person was used, making a total sugipliow in the mock-up of 12 people of 408 m3/h
(240cfm). The supply airflow rate was measured raoditored from the measurement of air velocity
in the exhaust duct using Pitot tubes. The experiseere performed with full outside air and with
the control of the particles greater thapr in the outside air.
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Figure 1. Air distribution system - Mixing Veatibn (MV)

~—\ I \
EXHAUST AIR

MOCK-UP

r/fj
Ll

AIR RENEWAL

INSTALLED MACHINES

!t u

Figure 2. Air distribution system - Under floorrAlistribution (UFAD)

For verifying the conditions of flow and experima&ainditions in steady state, temperatures and
air velocities inside the cabin were measured utiegnocouples and omnidirectional anemometers,
with measurement uncertainties, respectively, £ @5e = (0,02 + 0,02 V) m/s, which meet the
accuracy requirements of the standard equipmen/I&8, (1998).

To simulate expiratory particles was used an atigenerator TSI Model 3475, which operates
with an aerosol flow of approximately 4 L / minyrsiar to the average air flow rate of inhalation /
exhalation of people Yan et al. (2009) with productof particles measuring 0,1 untily8n. In the
present study it was simulated continuous aerosoéation equivalent to a person coughing with the
largest amount of particles with a diameter of aligum Duguid, (1946).

The measurement was performed with an optical gdesti counter Met One, which has
6 channels for counting particles in the range t§ 10pm (1 to 2um, 2 to 3um, 3 to 5um, 5to 7
pum, 7 to 10um, and greater than 30n).

Similar to the procedure implemented by Wan et(2005), the particles were injected by
simulating passenger seated, respectively, alorgfukelage and along the aisle, measuring the
concentration of particles at the height of 1.10from the floor (breathing zone), as shown in
Figure 3. All measurements were performed threegim steady state conditions.In the present work,
the influence of humidity on particle concentratisnsmall, due to the use of a liquid with low
evaporation rate, the DEHS, in the generation efaérosol Zhang et al., (2009), Conceicéo, (2012).
Because of this, the humidity was only monitoretbtighout the experiments and maintained at
around 50%.
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Figure 3.a) Measurement points of particles in the mock-up iajettion points at seats 3D and 3E
b) Heated manikin and particle counter

4  Analysis of results

In Figures 4 and 5 the results of particle conadian for UFAD and MV systems are presented
considering points of injection 3D and 3E, respeyi, to supply airflow with temperature of 18°C.
In Figures 6 and 7 are presented the results tolypapflow with temperature of 22°C. The resulis a
shown with measurement ranges of 2 fin8 3 to 5um, 5 to 7um, and 7 to 1Qum, with measuring
ranges of 3 to fm and 2,0 to 3,Qum being of particular interest. The first becauseover 4um
particles, which are generated in greater quastitieexpiratory activities, Duguid, (1946), and the
second because patrticles of the size of PM 2.Bfageeat interest in the study of respiratory déssa
Pope et al. (2002), Boldo et al. (2006).

Measurement uncertainties in the concentrationadigles, presented as error bars in Figures 4
to 7, followed Poisson statistics, Kulkarni et(@011). The breakdown of the results, as well as¢h
of temperature and air velocity corresponding peefican be found in Fabichak Jr, (2013).

From the analysis of Figures 4 to 7 it appears, thratgeneral, there is a decrease in the
concentration of particles in the breathing zon@nvthe supply airflow is 18°C compared to supply
airflow at 22°C, especially in the UFAD system. §Hact is related to the formation of a larger
thermal plume at temperature of supply airflow &tQ, caused by heated mannequins in the cabin,
increasing the air velocity locally and draggingiggest number of particles to exhaust.

It can be observed that the ventilation system, Mimotes a greater dispersion of particles
throughout the cabin, a characteristic of this tgbemixing ventilation system. Furthermore, this
system provided a greater concentration of pagtiaghkethe cabin, indicating to be less efficient in
removing particles in this cabin ventilation system

On the other hand, the underfloor system, UFAD, mase efficient in removing particles of 2
to 5 um, and near to the injection / generation of pkasicwith a slight increase in the region of
concentration larger particles, with the range$ ¢d 7um and 7 to 1Qum, in function of upflow of
particles in this ventilation system.The injectioh particles into the breathing zone simulating
passenger seat next to the fuselage, comparedssemger sitting next to the aisle seat of the mock-
up, resulted in less dispersion of particles inkheathing zone of the cabin along both for the DFA
system and for the MV system. A similar result veddained by Wan et al. (2005) study of the
distribution of particles in aircraft with the tiadnal MV system.
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Figure 4. Particle concentration for air supply tperature of 18 ° C, injection of particles in 3Dase

5 Conclusion

The UFAD system showed more promising results diggrthe efficiency in the dispersion and
removal of expiratory particles in the cabin. Wiespect to the increase in the removal of expiyator
particles of 2 to 3im, the UFAD system compared to conventional systeéivisvas up to 45.5%, and
3 to 5um, was up to 63.4%.
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