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Abstract. The issue of air quality in classrooms is importémtighlight the main sources of contamination dhne

risk of acquiring illnesses. This study investaghthe movement, distribution and concentrationarftaminants in a
school room ventilated with split system using erpental measuring and computational fluid dynant@shniques
(CFD). The measurements were carried out during@dardactivity and the results showed that in allesanalyzed the
air change rates (ACH) were far below the recomneenfbr classrooms. This is due to the fact thatgpié system
only recirculates the indoor air, without a frestpply outdoor air. It will favor the increasing tife air contamination
inside of the room representing a risk to the oecup. The CFD analysis showed that due to the eoenp flow

pattern in a densely occupied room the risk of apmibation is much increased and should be of canterthe

director board. Finally, it is important to highlig that although the methodology proposed utilizexgperimental
measuring and computational fluid dynamics techegjshowed to be very effective, continued studisshools are
needed to fully assess both the exposure levelstt@ndlinical significance to atopic children alfgc to these
contaminants
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1. INTRODUCTION

The spread of influenza HIN1 and H5N5 over the Y&strs increases significantly the concern abotttoane
infection transmission control. Since bacteria asaally carried by particles or spread via watempthts (Kowalski,
2006; Apte 2000) one of the fundamentals technidqaediminish this spread is controlling the numibérmparticles
inside a room.

Classrooms and other school spaces must be vedtitatremove odors and other pollutants. Infectioas be
transmitted in various ways, particularly throughysical contact or through the air. Schools plagnaor role in
spreading viral infections through the populatidme likelihood of respiratory infections such agluanza being
spread via schools is partly determined by the eptration of pathogens in classrooms air. Howewersuitable study
has been conducted on the link between ventilamhthe prevention of infections caused by pathsgeschools.

Various European studies on the air in classrofomsd concentrations of particle in excess of thgosure limit
for outdoor air. This mainly applied to the coarBaction of particulate matter, which enters &irough the activities
of pupils. This particulate matter could plausitdyacerbate respiratory symptoms, especially indage of the
asthmatic pupils, but no research has been cordlindtethis (HCN, 2010).

Most schools in Brazil have natural ventilatiorclassroom and most of the schools with air condiitig have split
system. A Split system normally includes an evajpoyaa condenser, a compressor and interconneoingerant
hoses, fittings, and electrical harnesses and a@isnffhe evaporator is located inside of the roonilemhe condenser
and compressor are located outside.

Normally this type of system only recirculates #ieinside the room without filtration and the appriate quantity
of outside air. Besides, this kind of equipmentduwes an enormous turbulence inside the room. Awvement can
create draughts, a sensation of an unwanted locdihg of the skin. It is also important to highiigthat, although split
system ventilation is often used, there are fewliphibd studies that examines the impact of the sptitem on indoor
contamination concentration and distribution irssl@oms and other school spaces.

The use of particle counters and O®easurements help to define the basic air qual#igle conditioned spaces
(Jones, 2008), along with them, the use of a CHRYageh has helped understanding the movement anzkotyation
distribution of particles inside a room. The CFDpagach is used here and showed very interestingtseéa a densely
occupied classroom providing information about tiee of split systems, so common today, indicatiojtg of
concern to improve IAQ in this particular site,lassroom.



Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

In this context, this study investigates the digttion of the airborne particles in a classroomtieged with split
system using experimental measuring and compugtdtithmid dynamics techniques (CFD). The measuremamd
simulation were accomplished at a Brazilian schogdted in Florianpolis-SC.

2. ROOM GEOMETRY AND AIR CONDITIONING EQUIPMENT

The classroom has dimensions of 9x6x3m (figure id &1 people are inside this classroom. Windows are
positioned in one side of the room and are keperlpwhile the door is located in the opposite sidl@ is kept closed
as well. The chalkboard has 5.0x1.3m dimensio@sn@&bove the floor.

The air conditioning equipment has a 36,000BTU/bliog capacity with an air flow of 2,20G¥h (corresponding
to the maximum value, without swing mode).

Windows

Split system

Measurements poimt

Figure 1. Classroom geometry

3. PARTICLES COUNTING

The number and size distribution of airborne plasioon the classroom was recorded using a padmimter,
calibrated by the manufacturer (MET ONE). The emépt was programmed to run continuously duringlalés and
recorded the particle count every 5min for six sligributions, 0.3 umto 0.5 um, 0.5 umto 1.0 @B, um to 3.0 um,
3.0 um to 5.0 um, 5.0 um to 10.0 um, and >10 unh wiflow of 0.1 cfm (2.83 L/min). The particle cder was
placed approximately at 1 m high (Figure 1).

The activities performed within the classroom algere recorded every 5 minutes, so as to obtainaiaoe
between the particles generated and the actiypge®rmed.

4. CFD ANALYSIS

In order to study the flow pattern a CFD analydighe classroom was carried out using the fluembroercial
software (Fluent, 2005) The discretization of tlendin was done using a tetrahedral mesh with nefgmgs in the
region of the air conditioning equipment, both etiind inlet.

4.1. Boundary conditions

To simulate the air flow it was used a fixed splitlet velocity of 3.0m/s (total amount of air g2@0ni/h) and all
the flow returning to the inlet positioned at thattbm of the split. All the walls, including flo@and ceiling are set to
trap the particles with no rebound and no resuspefor simplification. If the particle reachestimlet it is considered
out of the room, escaped. The ambient was consldsoghermal without air changes. The solutionhaf problem used
a standard k- model to solve the viscous turbulent flow. The mearbulent trajectories are used to represent the
particle trajectories. People and desks are modedesimplified solids. As the ACH was too low (0,7&s shown in
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item 4.1, and for simplification no outside aic@nsidered in the model. Most of the turbulencgeiserated by the free
jet coming from the outlet of the air conditioniaguipment.

4.2 Flow solution

The Euler-Lagrange approach was used to solveithftoa and the pollutant dispersion inside the modn this
model the general conservation law equation forvélmable & (eq.1, Versteeg and Malalasakera, 188%)g with a
turbulence model is used to solve the air flow.igctete phase model (Fluent, 2005) is used to tilaelparticles. The
interaction between the particles and the air isutated by the drag force exerted on the par(iKewalski, 2006; Lu,
1996).

@ + di{p{pﬁj = div(l’gradqo) +S, 1)

where:
¢ = mass, momentum or energy

U = velocity vector

S¢ = source term

L = density

[" = diffusion coefficient for the variablg

184 CdRe
Fd =—— Y @
Ppdp

where:

F, =drag force

M = air viscosity

Pp = density of the particle
d p = diameter of the particle
Cd = drag coefficient

Re = Reynolds number

To model the particles, inert spherical water detplare used. They will be injected from the outiethe air
conditioning and from the people that are considénéected. They are treated as a bacteria carpanticle (BCP) that
is responsible for disease spread. As shown in @efrom the split outlet 20 particles (1um diamgteill be tracked
(dpm model) and from a student in the front linpa2ticles (1um and 10um) will be tracked too. Tésults will then
be represented by their trajectories (Figs. 4 to 7)

Besides its aerodynamic diameter, if the real glaris not spherical, it is necessary to consilerdensity of
the particles (equation 3, Kowalski, 2006). If wensider the particles or microbes spherical thenwilehave the
equivalent diameter of water droplets that areesgnted in the simulation:

Da=D, Po (3)

Pu

where:

Da = equivalent aerodynamic diameter
Dp = diameter of the particle

pp = density of the real particle

pw = density of the water (1,000kgim
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5. EXPERIMENTAL RESULTS

5.1 CO, concentration

Figure 2 illustrates the temporal variations of G@the classroom studied with 31 occupants in caispn
with the ASHRAE recommendations (ASHRAE Standard162004). It can be seen that the ;C&dncentration
increases continuously during the measurement.tiedhresholds are exceeded within a matter of teswafter
students arrival at 7:30 a.m. The amount of outsitlewas previously estimated with the use of a, @@licator
resulting in an ACH (air changes per hour) of O(Asvbi, 2003), which is very low compared to the ASANE
guidelines for classrooms with ACH of 5.51 (8d&r person of outside air).
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Figure 2. Fluctuation of C{Oroncentration in the classroom compared with AHERAcommendation.

5.2 Particle concentration

Figure 3 shows the temporal variations of part@@centrations in the room. It can be seen thairbethe
students arrival, the concentration of particles \eav. With the students entrance the concentratioreases until it
reaches stability as they remained seated. At titk &f the class the movement of the students isesedhe

concentration again.
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Figure 3. Particle concentration inside the classro

6. CFD RESULTS

The simulations show the results of particle tri@jges released from a person located in the Ifitstin the middle
of the room, for 1 and 10 um diameter size. As vtellas simulated the release of particles (1 pnminfthe outlet of
the split system.

In the results, each particle trajectory can bemmglete, trapped or escaped according to the patdicle time step
defined previously in the simulation.

Figure 4 shows the trajectory of a 1um diametetigdarreleased by an infected person positionetthéncenter of
the classroom in the first row,. It begins at tiheathing height of 1.2m and then is carried byftbe passing near the
split, but it is not caught by the return of thditspecirculating again in the room, i.e., itsdas incomplete.

Split system

Particle source

Figure 4. Particle trajectory (1 um).
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Figure 5 shows a 10um particle released at the gminé center of the classroom, but now as itgivels greater,
1,000 times heavier than the 1 um particle of fgly it will remains longer at the breathing heigks contrary to our
expectation it will fluctuate more than the lightares at the breathing height. It was shown asipdete fate too.

Split system

Particle source

Figure 5. Particle trajectory (10 um)

Figure 6 shows that the trajectory of the partieleased at the same place can have a totallyalitfelirection. In
other words, in figures 4 and 5 the particles iteavent to the left side of the room. In figureddh particles go to the
right side showing the random characteristic of thedel used. The initial trajectories are roughig same as in
figures 4 and 5, but then one of the particlesappged and the other remains incomplete.

Particle source

Figure 6. Particle trajectories (1 and 10 um)
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Figure 7 shows the resulting trajectories of lpmidter particles released from the outlet of tHa. Spwenty
particles are tracked from the outlet, resultingtfas particular trajectory length, that five peles are trapped in the
walls, five escaped to the split inlet and 10 p#t (50%) have their fate incomplete resulting great recirculation of
particles over the room and low contaminant remaefficiency. It is important to remember that thglitscan
accumulate dust or throw the particles back tortdmm due to filtering deficiency. That is why it isportant to
consider the pollutant coming from the split system

plit system

Figure 7. Particle trajectories (1 um) for paggcteleased from the outlet of the equipment

Figure 8 shows the particle concentration in thér@moom. It can be seen from this figure that prodiutants will
be concentrated in the stagnant areas. The comtiens showed in figure 8 are not representativethef real
concentration values as showed in figure 3, bwbi created for visualization interest.

Spht system

Figure 8. Particle concentration
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7. CONCLUSIONS

As a result of the poor outside ventilation thetiplr concentration build up from approximately 0Q0to 9,000
particles/ciand the C@ concentration followed an increasing tendencymf&00 to 2,500 ppm, no reaching a steady
value.

According to particle concentration the numericasults showed that the concentration was high areen
distributed in the interior of the room as a resiithe flow pattern generated by the split system.

The experimental results were obtained using only measuring point, owing this fact the experimlergaults
may not represent the behavior of particles irvthele room.

The heavier particles (10um) tend to stay fluchgatonger at the breathing height, and the ligbtezs (1um) are
easier to be carried by the flow, and can escapésdpped or recirculate again. A recirculatinggrat flow is created
in both sides of the room on the right and lefthaf split outlet.

Once more it was evidenced that the use of a ajplitonditioner, with poor filtering, and a low side air intake
increases the risk of contamination to the peopbmsed to the contaminants, the students.

General conclusion was that the methodology prapaositizing experimental measuring and computatidhad
dynamics techniques shown to be very effective. @utational fluid dynamics (CFD) models have beeveltiped to
help to understand the transport and dispersidhesie particles in indoor environments and the ex@atal data were
used to understand the temporal variation of gdartoncentrations.

It is also important to highlight that continueddies in schools are needed to fully assess betkxposure levels
and the clinical significance to atopic childreteadic to these contaminants.
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