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Abstract - The resumption of face-to-face classes by the Philippine Department of Education (DepEd) requires a
study of the planned measures to mitigate the risk of airborne diseases such as COVID-19. This study used
computational fluid dynamics (CFD) streamline analysis to compare air flow in an open-air ventilation classroom
that follows the DepEd standards when physical barriers divide individuals inside the room, and a similar setup
without barriers. Visual inspection of streamlines generated at inlet speeds of 1 m/s, 2 m/s, and 3.5 m/s, showed
that barriers in the setup only prevent airborne contamination if all individuals remain at their assigned positions
at all times, without movement to enter, transit, or exit. The barriers facilitate air swirls that pose a risk to
individuals who enter these regions of trapped air. Regardless of inlet velocity, the case with physical barriers
installed was universally found to be effective in preventing transmission if all movement inside the room is
completely restricted but was found have a greater risk of infection if any movement of individuals inside the
classroom, whether it be to enter, transit, or exit within the room, is allowed. Thus, the setup without barriers
was found to be generally more effective in preventing the spread of COVID-19.
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I. INTRODUCTION

COVID-19 is the term given to the disease caused by the SARS-CoV 2 virus. First reports
of the virus emerged during the closing months of 2019 and it spread globally during the early
months of 2020 [1]. As a response to the virus, governments worldwide placed drastic
measures in order to minimize its spread. However, some of these measures have also brought
about negative economic and social effects, as documented in a report by the World Health
Organization (WHO) [2]. According to the Centers for Disease Control and Prevention (CDC),
the SARS-CoV-2 virus is primarily transmitted through direct contact, droplet or airborne
transmission [3]. The virus is spread by infected individuals, and it is very difficult to identify
infected individuals as they are often asymptomatic [4].

The COVID-19 pandemic demanded numerous changes in the educational sector
particularly in the Philippines, such as the implementation of online learning media as well as
pandemic health protocols like physical distancing commonplace in the learning environment
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[5,6]. Community lockdowns popularized online learning platforms, which have been found
to bring learning challenges due to the struggle in adjusting to the new learning environment
[7] and adverse effects on the well-being of students caused by isolation and perceived future
uncertainty [8].

In October 2021, the Philippine government announced that it would be reopening schools
once again for face-to-face classes [9], which was realized in August 2022 [10]. Regarding
this, the Philippine Department of Education (DepEd) released a set of tentative guidelines
regarding the conduction of face-to-face classes in 2021 [11], which recommended the use of
barriers for each student’s table and a distance of at least 1 meter between chairs. Further
documentation from DepEd shows visual proposals for the spacing of tables and chairs within
a standard classroom [12]. This visual proposal is shown in Figure 1.

PROPOSED CLASSROOM SEAT ARRANGEMENT
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Figure 1. Proposed classroom setup from DepEd [12].

The importance of determining the effectiveness of barriers in a Philippine classroom setup
provides the primary rationale for this study that was conducted. This study focused on flow
analysis using computational fluid dynamics (CFD) to analyze the streamlines generated in a
limited face-to-face public school classroom setup.

The use of CFD to observe aerosol and pathogen spread in indoor and outdoor spaces has
been documented in papers such as the reports by Peng, Chen, and Liu [13] and Scott [14].
Their reports emphasized the merits of CFD as a cost-effective, powerful, and safe method of
performing analyses that focus on the spread of pathogens. Other relevant studies have also
been conducted that use CFD. The study conducted by Mariam et al. [15], which used a CFD
setup of 2 individuals inside an enclosed space with a single inlet and two outlets, found that
social distancing was not inherently necessary as good ventilation was much more important
in preventing the spread of contaminated particles. In line with this, Motamedi et al. [16]
studied various ventilation strategies for an office setup and found setups with multiple
openings and forced ventilation to have the lowest global infection risk throughout the room
among the cases studied. Hassan and Megahed [17] conducted a CFD analysis of an open
public space setting with conditions simulating regions in Egypt, determining that certain
seating configurations affected pathogen spread, such as the use of backrests which encourage
individuals to face upwards, causing droplets to disperse efficiently. The study conducted by
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Alrebi et al. [18], which was a CFD analysis of the emergency department of a hospital in
Saudi Arabia, discovered that the turbulence level of the setup is at higher levels when 1 m
above the floor, affecting pathogen spread.

There have also been studies that have focused on the effectiveness of barriers in the spread
of pathogens in an indoor setting. In particular, the study by Liu et al. [19] determined that the
effect of dividers in blocking the path of particle transmission was limited due to the gathering
of particles inside partitioned spaces, increasing the risk of infection for the next individuals
that may be placed within the spaces. In contrast, another study, conducted by Ren et al. [20],
claims that the use of barriers can reduce the risk of infection by 72%. However, despite the
extensive and recent CFD research regarding aerosol and pathogen spread, there is still a gap
of knowledge specifically regarding the effectiveness of barriers in preventing pathogen spread
in the proposed Philippine face-to-face classroom setting. Thus, there is sufficient need for
such a study that focuses particularly on the effectiveness of barriers in typical Philippine
public classrooms.

The following are the objectives that this study aimed to fulfill:

e Design aerodynamic models for a classroom based on guidelines and specifications
sourced from relevant local government branches such as the Department of Education
(DepEd) and the Department of Public Works and Highways (DPWH);

e Conduct CFD simulations were using the classroom models, as well as a visual
evaluation of the generated streamlines;

e Compare the streamlines for the classroom setups without barriers and with barriers,
and determine which among the cases increase the risk of airflow contamination; and

e Conclude whether the addition of barriers or the removal of barriers in the generated
classroom setup provides reasonable protection from airborne diseases such as
COVID-19.

I1. METHODOLOGY

In order to determine if the addition of table barriers is beneficial in preventing the airborne
transmission of diseases such as COVID-19, a CFD analysis methodology was implemented.
The dimensions of a typical Philippine classroom, using data from documents from DepEd
[21] and the DPWH [22], were used to create a classroom model including the positions of
students and teachers inside the classroom. Two different models of the classroom were
generated, one without barriers dividing the individuals inside and another with barriers.

The CFD simulations for the two models were run using inlet velocities of 1, 2, and 3.5
m/s. The 1 m/s inlet velocity was selected as a reference to the methodology of a similar study
by Rencken et al. [23], which used a 1 m/s inlet velocity through windows for a similar
classroom setup with a natural ventilation case. The 3.5 m/s velocity was taken from the
average wind speed in Manila in 2022, which was recorded to be 7.95 miles per hour or
approximately 3.5 meters per second, as reported by Weatherspark [24]. The 2 m/s velocity
was added as a value in between 1 m/s and 3.5 m/s to address the gap in between the two
velocities. Upon running the CFD simulations, the streamlines generated from the two models
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were visually inspected, and the circulating flows and air swirls within the two setups were
compared. Furthermore, streamlines from the approximate locations of the human models
inside of the classroom were generated, and the paths taken by these mouth streamlines were
compared between the case without barriers and the case with barriers. If a setup was found to
have fewer air swirls or less mouth streamline cross-contamination than the other, that setup
was determined to be more effective in preventing the transmission of airborne diseases.

2.1 Classroom CAD Model

A three-dimensional model of a classroom patterned after the standard Philippine public
high school classroom was developed by the researchers using the software Fusion 360. The
classroom dimensions were developed according to the architectural designs made by the
DPWH [22]. The positions of the seats were modeled after the guidelines mandated by DepEd
[21]. The classroom is 7 m by 9 m by 2.85 m in size, as illustrated in Figure 2. On one side of
the classroom are two windows that are 2.7 m by 1.2 m in size, both of which are elevated 0.9
m above the floor and are separated by a column that is 430 mm wide. On the opposite side of
the windows are the two doors to each classroom which measure 0.9 m by 2.1 m in size. On
the same wall with the doors are two smaller windows that are 1.5 m by 1.3 m in size. The
setup contains 15 seats in a class, with each person placed at least 1 meter apart from each
other. Each table in the proposed setup has a rigid barrier covering the front and side of the
seat. Each seat is also occupied by a student. The seated students are modeled as cuboid bodies
with a height of 1.0 m, a length of 0.5 m, and a width of 0.25 m. On top of these bodies are
cuboid heads, with dimensions 0.16 m x 0.15 m x 0.2 m, and rectangular mouth surfaces of
dimensions 0.06 m x 0.03 x 0.005 m. These approximate dimensions for individuals sitting
down were taken from the study conducted by Abuhegazy et al. [25]. A seated teacher with a
desk is also placed in front of the students. The teacher is modeled similarly to the students in
terms of estimated dimensions. The teacher is seated in order to place the teacher directly in
front of a barrier, similar to the students, for an ideal case where the streamlines of all
individuals inside the room are affected by barriers directly in front of them. For all the setups,
the air inlet was set through the side with the door and small windows, and the outlet was set
through the other side with the large windows.

2.85 meters

Figure 2. Model of empty classroom space, including basic dimensions.
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Figure 3. Classroom setup without barriers, including inlets and outlets.

OUTLET

Figure 4. Classroom setup with barriers, including inlets and outlets.

2.2 Fluid Domain Spatial Mesh

The fluid bodies (air) that were used to analyze air flow in the setup were created through
Boolean subtraction of the classroom CAD models (with barriers and without barriers) from a
rectangular prism with the same dimensions as the classroom, using Fusion 360. The fluid
domains were then exported to the ANSYS R22 Mechanical software, where the meshes were
made. The mesh sizes vary throughout the spaces with a growth rate of 1.2. The resulting
meshes were then exported to ANSYS Fluent R22, where the tetrahedral elements were
converted into polyhedral elements. The size of the mesh elements was selected through a grid
independence test, which is discussed in greater detail in Section 2.4.

2.3 Study Parameters

The study made use of the ANSY'S R22 Fluent software to simulate the airflow throughout
the model. The simulation was run in “Transient mode” using the Realizable k-epsilon
turbulence model. This turbulence model was selected as it produces a good simulation of
indoor airflow according to a study conducted by Hussain et al. [26], which compared the
accuracy of various turbulence models in approximating indoor temperature conditions within
atria of two existing buildings. Although the large building atrium environments investigated
by Hussain et al. differ from the classroom environment investigated in this study, further
rationale for the selection of the Realizable k-epsilon turbulence model was due to its use in
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the studies conducted by Motamedi et al. [16] and Liu et al. [19], which investigated the effects
of barriers and dividers on airborne pathogen transmission in indoor office and dining
environments, respectively. The ‘Coupled’ algorithm was used which solves the momentum
and pressure-based continuity equations together. This algorithm is especially necessary for
transient simulations with poor mesh quality, and if large time steps are used. Flux type was
selected to be ‘Rhie-Chow: distance-based’. For spatial discretization, the Pressure,
Momentum, Turbulent Kinetic Energy, Turbulent Dissipation Rate, and Transient Formulation
variables were all set to second-order. The walls and surfaces were defined as “non-slip” with
“standard” roughness models.

2.4 Independence Tests

A grid independence test was performed by selecting mesh sizes, then performing a
comparison of outlet mass flow rates with the mesh sizes used along with visual inspection of
differences in the generated streamlines for identical setups with different mesh sizes. If a
smaller mesh size yielded streamlines that visually differed from larger mesh sizes, or if the
outlet mass flow rate for a smaller mesh size yielded a difference greater than 0.05% from the
mesh size immediately larger than it, the smaller mesh size was selected. If these criteria were
not observed, the larger mesh size was selected.

Three initial meshes were constructed for both the setup with barriers and without barriers,
with the refined elements sized at 70 mm (“coarse”), 52.5 mm (“medium"), and 35 mm
(“fine””). The comparisons of outlet mass flow rates for each mesh size, for the setups with
barriers and without barriers, are summarized in Tables 1 and 2, respectively. The grid
independence test for the setup with barriers did not yield percent differences among the
different mesh sizes that were greater than 0.5%. However, upon visual inspection, it was
determined by the researchers that the fine mesh size was the most optimal for the setup with
barriers. The setup without barriers also did not yield percent differences among the different
mesh sizes that were greater than 0.5%. Furthermore, the researchers did not observe visual
differences in the streamlines for the setup. However, for a more analogous comparison for
both the setup with barriers and the setup without barriers, the fine mesh size was also
determined to be most appropriate for the setup without barriers. Ultimately, the mesh size for
both setups was set to 35 mm (“fine”). The resulting meshes are illustrated in Figures 5 and 6.

Figure 5a.
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Figure 5b.
Figure 5. Isometric and underside views of the fluid domain mesh without barriers.
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Figure 6b.
Figure 6. Isometric and underside views of the fluid domain mesh with barriers.

Table 1. Outlet mass flow rates for the candidate meshes for the setup with barriers.

70 (“Coarse™) 32.930901 N/A
52.5 (“Medium”) 32.93666 0.01749
35 (“Fine”) 32.933914 0.008337
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Table 2. Outlet mass flow rates for the candidate meshes for the setui without barriers.

70 (“Coarse”) 32.932274 N/A
52.5 (“Medium”) 32.936607 0.01316
35 (“Fine”) 32.927994 0.02615

The time independence test was performed to determine the optimal incremental change in
time for solving the governing equations. Time step sizes of 0.4 s, 0.2 s, and 0.1 s were
investigated. Similar to the grid independence test, a smaller time step size was selected if it
yielded streamlines that visually differed from larger mesh sizes, or if the outlet mass flow rate
differed from the previous greater-sized time step by greater than 0.5%. If these criteria were
not observed, the larger time step size was selected. The comparisons of outlet mass flow rates
for each time step, for the setups with barriers and without barriers, are summarized in Tables
3 and 4, respectively. For the time independence test performed by the researchers, there were
no observable visual differences in streamlines among the time step sizes for both the setup
with barriers and without barriers, and the outlet mass flow rate differences were found to be
less than 0.5% even for the largest time step sizes of 0.4 s and 0.2 s. Thus, it was concluded
that a time-step size of 0.4 s for the setups, both with barriers and without barriers, was
adequate.

Table 3. Outlet mass flow rates for the candidate meshes for the setui with barriers.

0.4 32.937141 N/A
0.2 32.927999 0.02776
0.1 32.930902 0.008816
Table 4. Outlet mass flow rates for the candidate meshes for the setui without barriers.
0.4 32.940187 N/A
0.2 32.927999 0.03700
0.1 32.940186 0.03701
2.5 Study Design

To investigate the effect of using barriers in a classroom setup, CFD simulations were run
for the base setup of a classroom with no barriers on the tables (“Without Barriers”) and another
setup utilizing barriers (“With Barriers”). The simulation used the parameters established
previously, with a mesh size of 35 mm, a time step size of 0.4 seconds, and a total of 75 time
steps. Different inlet velocities of 1, 2, and 3.5 m/s were also simulated to check the effect of
wind speed on the formation of vortices in the setup. The variation in the inlet velocities
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selected was expected to provide a more comprehensive illustration of the behavior of airflow
across the classroom.

The vector and airflow paths in each classroom setup were visually inspected through
streamline analysis, and compared to determine whether there is a difference in the airflow.
Particularly, the presence of air swirls were noted as representing poor ventilation. The
streamlines emanating from the individuals’ mouths were also traced, by identifying points
that are located as close to the mouths of the human models as possible. The y-coordinates of
these points were all set to 1.08 m, but the x- and z- coordinates of these points vary per
individual.

The rationale for the primarily visual manner of comparison between the setup without
barriers and the setup with barriers is that the airborne pathogens that may exist within the
classroom space will travel via the streamlines. If the streamlines persist inside the classroom
without flowing out, then the pathogens will remain inside of the classroom and will increase
the risk of infection among individuals inside. Therefore, a setup with fewer areas containing
circulating flows was considered more desirable in mitigating the risk of airborne pathogen
infection.

Assumptions for this setup are that 1) temperature variations are negligible, and
environmental conditions are steady, i.e., steady stream of wind entering the classroom, no
human movement which can affect the air stream; 2) Air droplets are ignored for
simplification, virus transmission is assumed to be through aerosols; 3) Air will serve as a
tracer gas that will replace aerosols; and 4) Air will only enter through the inlets.

I11. RESULTS AND DISCUSSION

3.1 Results from 1 m/s Inlet Velocity Setups

Visual inspection of the results for the 1 m/s inlet air velocity case without barriers reveals
the consistent presence of air swirls behind the teacher as well as at the fifth row of students
towards the back of the classroom, as illustrated in the top view of the model in Figure 7 and
more clearly in the isometric view of the model in Figure 8. The presence of such air swirls
indicates poor ventilation in these areas of the classroom, and an increased risk of spreading
droplets with SARS-CoV-2 if infected droplets were to be released around these areas.
Furthermore, as visualized in Figure 8 the air coming from the mouth of the teacher easily
moves close to the position of the students in the front row, and the air coming from the mouths
of the students close to the inlet side of the classroom easily moves towards the students in the
same row that are situated closer to the outlet side of the classroom. The air swirls in Figure 7
also cause cross-contamination of the mouth streamlines in Figure 8, as observed for the mouth
streamlines of the students in the fifth row towards the back of the classroom.
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Figure 7. Streamline of Setup Without Barriers and 1 m/s inlet speed at 1.08 m height
(mouth level).

Figure 8. Isometric view of streamline from human mouths of Setup Without Barriers and 1
m/s inlet speed, including the restriction of circulation towards the back of the classroom.

The visual streamline analysis for the 1 m/s case with barriers, documented in Figures 9
and 10, reveals that the number of air swirls within the classroom increases compared to the
case without barriers. The air swirls behind the teacher remain, and new air swirls develop
within the position of each individual inside the room, as well as in between each of these
positions. The increased presence of air swirls implies an even poorer overall circulation of air
around the classroom. However, it is noted by the researchers that these air swirls, despite
increasing in number, are isolated and do not spread air between or among the individuals in
the classroom. This shows that if each individual stays within their assigned position inside the
room, the spread of SARS-CoV-2 droplets among individuals inside the room is less likely
compared to the 1 m/s case without barriers.

Copyright 2023 | Philippine Engineering Journal Phil. Eng’g J. 2023; 44(1): 89-106



L.A.M. Valdez et al. 99

By

W

N W
¥

[m sh-1] L
Figure 10. Isometric view of streamline and particle track from human mouths of Setup With
Barriers and 1 m/s inlet speed.

3.2 Results from 2 m/s Inlet Velocity Setups

Visual inspection for the 2 m/s case without barriers in Figure 11 yields an analysis similar
to the 1 m/s case without barriers in Figure 7. Figure 11 presents the streamlines that were
generated for the simulation that was run for the case without barriers and a 2 m/s inlet air
speed. Of note in Figure 11 is the presence of circulating air swirls at the back of the teacher
position (on the left side of the figure) as well as at the fifth row of students towards the back
of the classroom (on the right side of the figure), identical to what is observed in Figure 7.

Copyright 2023 | Philippine Engineering Journal Phil. Eng’g J. 2023; 44(1): 89-106



100 CFD ANALYSIS ON THE EFFECT OF ACRYLIC BARRIERS

[msh-1]

Figure 11. Streamline of Setup Wlthout Barrlers and 2 m/s Inlet Speed at 1.08 m Height
(mouth level).

The streamlines for the 2 m/s case with barriers, as illustrated in Figure 12, reveal similar
findings upon visual inspection and comparison to the streamlines in the 1 m/s case with
barriers in Figure 9. The multiple air swirls within the barriers and in between each student
that was observed in the 1 m/s case all remain in the 2 m/s case. The barriers initially contain
the air flow of individuals, which consequently means that the 2 m/s case still shows the benefit
of areduced risk of spreading SARS-CoV-2 among individuals if the seating position is always
maintained under all circumstances. However, the issue of poor overall air ventilation still
poses the risk of contamination with potentially contaminated air swirls remaining inside the
classroom. Figure 12 presents the streamlines that were generated for the simulation that was
run for the case with barriers and a 2 m/s inlet air speed.

'
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Figure 12. Streamline Setup With Barriers and 2 m/s Inlet Speed at 1 08 m height
(mouth level).
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3.3 Results from 3.5 m/s Inlet Velocity Setups

The 3.5 m/s case without barriers follows a trend identical to that which was observed for
the 1 m/s and 2 m/s cases without barriers. Figure 13 presents the streamlines that were
generated for the simulation that was run for the case without barriers and a 3.5 m/s inlet air
speed. In Figure 13, the same presence of air swirls particularly behind the teacher (on the left
side of the figure) and at the fifth row of students towards the back of the classroom (on the
right side of the figure) is observed in this case, just as it was observed in the cases of lower
speed.
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Figure 13. Streamline of Setup Wlthout Barriers and 3.5 m/s inlet speed at 1.08 m height
(mouth level).

For the setup with barriers, illustrated in Figure 14, it is noted by the researchers that the
increase in air swirls that was observed in the 1 m/s and 2 m/s cases is also present in the 3.5
m/s case. Regardless of the changes in inlet air speed that were considered in this study, the
observations regarding the circulation of air do not change substantially so as to affect the
perceived risk of spreading SARS-CoV-2 droplets within the classroom. Figure 14 presents
the streamlines that were generated for the simulation that was run for the case with barriers
and a 3.5 m/s inlet air speed.
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Figure 14. Streamline of Setup With Barriers and 3.5 m/s |
(mouth level).
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3.4 Analysis

It was found from the results that consistently in all cases, more air swirls occur when
barriers are placed in the setup. This means that aerosols are more likely to remain suspended
within the classroom if barriers are placed. However, there is one scenario where barriers may
be considered effective in reducing the risk of infection. When tracing the streamlines from the
individuals’ mouths in the cases without barriers, it can be noted that these streamlines are
more likely to pass very close to other individuals. The presence of barriers causes the mouth
streamlines to instead move around the areas enclosed by the barriers, avoiding the spaces of
other individuals. However, upon exiting the barriers, the streamlines tend to then circulate
and linger between the open spaces that are not enclosed within the barriers, instead of
immediately exiting the room. This creates an environment where the barriers only reduce the
risk of aerosol infection if the individuals are permanently seated at their designated positions
at all times. Should any one individual leave their position to move around or exit the
classroom, or even enter the classroom in the first place, they will be exposed to these air swirls
within the open spaces in between the barriers, where there is a great risk of aerosol infection.
The expectation of all individuals being unable to enter, exit, or move around the classroom is
deemed by the researchers to be unreasonable in most realistic cases. Thus, in truly realistic
cases, the risk of aerosol infection in the setup used for the study is increased by the presence
of barriers.

Furthermore, regardless of the differences in inlet air speed, the changes to the behavior of
air within the classroom with regards to the risk of spreading droplets are minimal. Visual
inspection of Figures 7, 11, and 13 shows that there were no observable changes in the locations
of air swirls regardless of the inlet air speed for the setup without barriers. This lack of
observable differences can also be noted in Figures 9, 12, and 14, which illustrate the air flow
within the classroom for the setup with barriers. From these findings, it can be determined that
for the particular setups used in this study, changes in air inlet speed between 1 m/s and 3.5
m/s do not substantially affect the air flow so as to change the tendency to produce air swirls
in particular areas of the room setup used.
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IV.CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions

From the results, it is concluded that, for the classroom setup and layout that is proposed
by DepEd [11], the effectiveness of the barriers in preventing the spread of pathogens such as
SARS-CoV-2 is situational. Placing barriers may be deemed effective at preventing the spread
of airborne pathogens, provided that the individuals inside the classroom do not ever move
from their positions under any circumstances. However, if any one individual moves away at
any point in time from their assigned position, including any form whatsoever of entrance, exit,
or transit around the classroom, the increase in air swirls facilitated by the presence of barriers
then poses a risk of facilitating the spread of airborne pathogens. Changes in inlet air speed
between 1 m/s and 3.5 m/s do not substantially change the behavior of air inside the classroom
S0 as to affect the presence of air swirls observed, and thus has no effect on the risk of airborne
pathogen infection.

In summary, this study was able to fulfill the following objectives and obtain the following
conclusions:

e Aerodynamic models were designed for a classroom based on guidelines and
documentations sourced from DepEd [12, 21] and the DPWH [22].

e CFD simulations were conducted using the classroom models, and a visual evaluation
of the generated streamlines was also conducted.

e Upon comparison of the streamlines for the classroom setup without barriers and with
barriers, it was found that although the setup with barriers prevented airflow cross-
contamination among individuals in their proper positions within the classroom, the
barriers in the setup also increased the number of air swirls within the classroom which
increases the risk of contamination through suspended particles in the barrier space.

e Finally, it was determined that for this study, the conditions that must be met for the
setup with barriers to provide protection from SARS-CoV-2 are conditions concerning
movement within the classroom that cannot reasonably be fulfilled. In realistic general
scenarios, the setup with barriers poses a greater risk of facilitating airborne
transmission of pathogens than the setup without barriers due to the poor ventilation.
Therefore, for the setup used in this study, the setup without barriers provides more
effective protection from airflow cross-contamination, and consequently, the spread of
SARS-CoV-2 and COVID-19, compared to the setup with barriers.

4.2 Recommendations

The researchers’ recommendations for future studies are as follows:

1. Include more boundary conditions and other additional variables in the model.
Although this research was conducted under the premise that the mechanical aspect
would still yield usable data, an even more detailed analysis of the behavior of air flow
and droplet movement could be generated if factors such as humidity, temperature, heat
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sources such as body heat, and breathing of the individuals, were included in the
simulation.

2. Perform validation of the findings for the cases analyzed in this study using physical
experiments. This study elected to use a purely CFD-based approach to collecting data,
similar to the methodology described in the study conducted by Liu et al. [19] which
investigated aerosol distribution in an indoor dining environment. However, other
similar studies involving indoor environments, such as those conducted by Ren et al.
[20] and Motamedi et al. [16], performed physical validation using on-site monitoring
and wind tunnel comparison, respectively. Such validation may allow for a further in-
depth analysis of the CFD results.

3. Use a different model for the classroom that may include changes in variables such as
basic dimensions, positions of individuals, and inlet and outlet locations. There are still
further variations in the layouts of Philippine classrooms, particularly schools that are
not directly managed by the local government, or tertiary education centers.

4. Study the buildup of particle concentration in the room. It was discussed in this study
that the poor ventilation, particularly in the setup with barriers, was a risk factor for
pathogen spread within the classroom due to the presence of air swirls where viral
particles may build up. More studies regarding the local or global transient buildup of
concentration in the room could therefore be a future topic of interest.

5. Simulate with moving physical models or varied positioning of individuals. The
physical models used in this study, particularly the models for the individuals within
the room, are all assumed to be in a stationary state. A simulation with moving physical
models or varying positions of individuals would provide more cohesive information
regarding the effects of the air swirls generated within the room by the addition of
barriers on contagion spread.
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