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Abstract 
 

In today's era, more and more people spend most of their time indoors, with artificial climatic conditions, where 
thermal comfort is a basic factor such as a glazing system (ventilation), both for dimensions and material 
characteristics, this basic factor is very important because it affects the parameters involved in thermal comfort. One 
of the requirements for thermal comfort is good air circulation, good air circulation can also prevent the spread of 
the COVID-19 virus that is currently engulfing the world.Therefore, research is needed to analyze the air flow 
engineering in the room, especially the classroom to get results that will later be seen whether it has met the demands 
of room comfort, especially thermal comfort. The purpose of this study is to provide recommendations for the 
configuration of air circulation in the L609 classroom and perform a CFD analysis on air circulation in the 
classroom which can create thermal comfort. Based on all the simulation results carried out with 2 outlet configurations 
and 5 different speed fan configurations, the obtained results are in accordance with the ASHRAE 55 standard in 
2020 only in the first configuration with a speed of 0.79 m/s. in the second configuration all the simulation results 
obtained are not in accordance with the thermal comfort limit according to ASHRAE 55 in 2020 because the speed 
obtained is more than 0.8 m/s and the temperature obtained is more than 297 K. Considering the COVID-19 pandemic, 
there must be circulation air in order to break down the aerosol concentration of the COVID-19 virus itself. Therefore, 
the author recommends using a classroom configuration with an open door so that air circulation can flow properly. 

 
Keywords: thermal comfort, CFD, air circulation. 

 
1. INTRODUCTION 

 
In today's era, more and more people spend most of their time indoors, with artificial climatic 

conditions, where thermal comfort is a basic factor such as a glazing system (ventilation), both for 
dimensions and material characteristics, this basic factor is very important because it affects the 
parameters involved in thermal comfort. Indoor airflow is also very complex for a number of 
reasons, Also, indoor airflow is associated with three-dimensional and temperature instability. 
With so many complexities in the flow of air in the room, it is impossible to obtain an analytical 
solution to the differential equation. Analysis (CFD) is needed to get the solution of these 
equations.[1] 

In addition to affecting thermal comfort, air circulation can also affect the speed of the spread 
of the virus that is hitting the world today, namely COVID-19. The process of spreading Covid- 
19 does not stop in public spaces, but also stalks us when we are in a room that has poor ventilation. 
In preventing the spread of COVID-19 indoors, the use and ventilation conditions in a room must 
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get good attention. This is because, the more the room is closed or has poor air circulation, the 
process of spreading COVID-19 will be very easy to occur. Conversely, if there is a room that has 
good ventilation and air exchange, it will further minimize the process of spreading COVID-19 in 
the room.[2] 

As the next step of this thermal comfort analysis research, researchers will continue the 
research that has been done by other researchers regarding thermal comfort with the assumption 
of loads from users and objects in the room. then the simulation is run in the form of a temperature 
profile, pressure profile, air velocity profile along with a streamline that shows air movement. to 
get results that will later be seen whether it has met the demands of space comfort, especially 
thermal comfort or not. The purpose of this research is to present a 3-dimensional model of the 
L609 classroom and perform a CFD analysis of the air circulation in the classroom to achieve 
thermal comfort based on ASHRAE 55 thermal comfort standard.[3] 

 
2. RESEARCH METHOD 

 
This research consists of two main method including direct measurement of the flow at L609 

classroom and numerical method which uses the direct measurement results to subjected geometry. 
Geometry model of the L 609 provided by Autodesk Fusion 360 and numerical method using CFD 
conducted with Fluent on Ansys Fluent 2021 Academic Version as shown in Figure 1. 

 
Figure 1. Research flowchart. 
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In carrying out the analysis to incompressible and inviscid fluid flow, Bernoulli equation 
based on the Law of Conservation of Mechanical Energy and Pressure is used as well as Reynolds 
number as reference for fluid velocity [4], [5]. 

 
𝑃𝑃1 +  1

2
 𝜌𝜌𝜗𝜗12  +  𝜌𝜌𝜌𝜌ℎ1  =  𝑃𝑃2 +  1

2
 𝜌𝜌𝜗𝜗22  +  𝜌𝜌𝜌𝜌ℎ2      (1) 

 
𝑅𝑅𝑅𝑅 =  𝜌𝜌.𝜗𝜗.𝑑𝑑

𝜇𝜇
           (2) 

The k-ω SST turbulence model [Menter 1993] is a two-equation eddy-viscosity model that 
has become very popular. The shear stress transport (SST) formulation combines the best of both 
worlds. In Menter's enhanced models, the k-omega . model combined with the k-epsilon model so 
that it has good capabilities in the area around the wall and a low Reynolds number as an advantage 
of k-omega, and the flow with a low adverse pressure gradient and its insensitivity in the free 
stream area which is the advantage of k-epsilon. The following is the equation of SST k-ꞷ. [6], [7] 
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The purpose of this simulation is to determine the flow pattern in the classroom. To be able 

to start this simulation, there are 3 stages that will be passed including: pre-processing, 
processing, post-processing. Direct measurement of fluid velocity inlet as its leaving the AC grill 
and air velocity at window opening is conducted using digital flow meter. 

 
2.1. PRE-PROCESSING 

 
Geometric model provided 3-dimensionally of L609 Classroom as shown in Figure 2 and 

dimension as on Table 1 accordingly.  
 

 
Figure 2. Geometry Model of L 609 Classroom  
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Table 1. Property of L 609 Classroom 

 
Next is to determine the position of the inlet and outlet in the classroom. Description of the simulation 
configuration can be seen in table 2. 
 

Table 2. CFD simulation Configuration 
Inlet Outlet Dimension Temperature 
3 pcs AC grilles 
and windows 

door AC grilles: 87 cm × 7 cm 
Door: 210 cm × 160 cm 

Door gap width: 1 cm 

AC grilles (Inlet): 293 K 
Door Gap (Outlet): 300 K 

Wall: 305 K 
 

For each simulation configuration that is made, the inlet speed in the AC will be taken 
directly in the L609 classroom using a Flowmeter. The following is a table of fan speed of Air 
Conditioner data on the L609 room AC: 

 
Table 3. Description of AC blower speed 

Blower speed Velocity (m/s) 
1 3,2 
2 3,6 
3 4 
4 4,5 
5 4,7 

 
In order to obtain actual air flow data in the classroom to be used in each CFD simulation 

configuration, the inlet speed in the window will be taken directly in the L609 classroom using 
an anemometer. The following is a table of inlet speed data for each window. 

 
Table 4. Description of wind velocity at window opening 

 
Window Air Velocity (m/s) Temperature (°C) 

Window 1 0.051 26.1 
Window 2 0.028 27 
Window 3 0.083 26.6 
Window 4 0.026 26.7 

 
After the classroom geometry has been created, the geometry from the Fusion 360 software 

is imported into the ANSYS 2022 R2 software for volume extraction and boundary conditions 
(determining Inlet, Outlet and Wall). After the geometry stage is complete, continue with the 
meshing process. 

Number Type Dimension (cm) 
1 Door 16 cm x 20.9 cm 
2 Wall Thickness 15 cm 
3 Window opening 7.6 cm x 10.8 cm 
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2.1.1 CFD MODEL 
 

In this meshing process, the geometry is divided into small parts. The size of the mesh 
contained in an object will affect the accuracy of the CFD analysis to be carried out. The smaller 
the mesh size on an object, the more accurate the results will be. 

 
This study uses a tetrahedral to cover each corner on the room as well as corners on the 

windows area. Figure 3 shows the generated mesh including assigned boundary type for inlet and 
outlet. 

 
Figure 3. Gometry mesh 

 
2.2. PROCESSING 

 
At this  stage,  there  are  several  things  that must  be done  to complete  this  classroom 

simulation. This stage is the most important stage because it includes all existing parameters, from 
general, model, material, cell zone conditions, boundary conditions, solutions to run calculations. 

In this classroom simulation, the default solution method is based on pressure. At this stage 
of the model, energy is made on because of the temperature used in the process. Then for viscous 
using standard SST unit k-ꞷ with standard wall function. The rest of the parameters will be set by 
default. At this stage the material is divided into 2 parts, namely fluid and solid. For the fluid 
material used is air and for the solid material used is gypsum. The boundary conditions in this 
classroom simulation are divided into 4 parts, namely inlet, outlet, internal, and also wall. The inlet 
is divided into 5 parts, namely 4 windows and also the air conditioner uses the type of inlet velocity 
inlet which is influenced by temperature. For the outlet using the type of pressure outlet which is 
influenced by temperature. Assigned Boundary conditions provided in Figure 4 and Figure 5. 
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Figure 4. Boundary Condition Inlet AC 

 
Figure 5. Boundary Condition Inlet Window 

 
3. RESULT AND DISCUSSION 

 
CFD simulation to L609 Classroom in Universitas Tarumanagara conducted. Post-

processing in the form of CFD simulation results provided in the form of temperature profiles, 
pressure profiles, air velocity profiles along with streamlines that show air distribution. The 
simulation results that have been carried out are divided into two configurations, namely open-door 
simulation and closed-door simulation.  

To clearly seen the simulation results, the plane feature is used to represent several speed 
points for each profile and configuration in the classroom. The first plane is located parallel to the 
outlet door which is located on the XY axis at a position of 0.11 meters from the negative Z axis. 
The second plane made is in the middle of the classroom which is also located on the XY axis at 
0.48 meters from the negative Z axis. The third plane made is in the back row of student seats 
which is also located on the XY axis with a position of 0.86 meters from the negative Z axis. 
The fourth and fifth planes are different from the previous plane, if the previous plane is on the 
XY axis, the fourth and fifth planes are on the YZ axis. The fourth plane is close to the outlet 
with a position of 0.2 meters from the positive X-axis while the fifth plane is in the middle of 
the class with a position of 0.6 meters from the positive X-axis. That is the plane used to support 
the results in this L 609 classroom CFD simulation, the plane was made based on previous 
research. The CFD simulation results are divided into 3 parts in the form of temperature profile, 
pressure profile, profile air speed. These imaginary planes are provided in Figure 6. 
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Figure 6. Plane Location for CFD simulation post-processing and analysis 
 
 
3.1 Velocity Distribution 

 
The simulation results of the velocity distribution are streamlined and also the velocity 

contour on each different plane which describes the velocity of the air flow that occurs in the entire 
contents of the room. The speed profile analyzed uses a plane that has been created because the 
plane created serves to show changes in the speed distribution that occur. To be able to determine 
the speed of air flow that occurs in the classroom, the probe feature is used in the simulation. 

 
Table 4. Airflow Velocity Data 

Velocity inlet 
(m/s) 

coordinate 
X (m) 

coordinate 
Y (m) 

coordinate 
Z (m) 

Velocity 
(m/s) 

3.2 0.65 3.15 -9 0.793 
3.6 0.65 3.15 -9 0.869 
4 0.65 3.15 -9 0.945 
4.5 0.65 3.15 -9 1.142 
47 0.65 3.15 -9 1.232 

 
 

 
 

1 2 3 

4 5 
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Figure 7. Velocity Distribution Profile Plane 1 

 

 
Figure 8. Velocity Distribution Profile Plane 2 

 
There is an effect of air movement effect where when the air temperature coming out of the 

inlet hole is smaller than the temperature in the room, the increase in air velocity can affect cooling 
when there is a decrease in air temperature. The results obtained are different at each velocity. The 
difference in speed can be seen clearly on plane 1, plane 2 and also the streamline speed table above 
where the greater the velocity coming out of the AC inlet, the smaller the air affected by gravity, 
therefore the greater the velocity of the air coming out of the AC inlet, the more the air flow in 
the classroom can be well distributed. 

 
3.2 Pressure Distribution 

 
The results of the pressure distribution simulation are streamlined and the pressure 

contour on each different plane that describes the pressure changes that occur in the entire contents 
of the room. The pressure profile is analyzed using 2 planes, namely plane 2 and plane 4. This is 
because the two planes experience the largest changes in pressure distribution among the other 
planes. 
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Figure 9. Pressure Distribution Profile Plane 2 

 

 
Figure 10. Pressure Distribution Profile Plane 4 

 
It can be seen in plane 2 and plane 4 that the greater the air that is expelled from the inlet side, 
the smaller the pressure in the fluid, this is because the air moves towards the outlet so that the 
pressure in the outlet area decreases. The simulation results are in accordance with the 
Bernoulli equation where high pressure air flows into areas of low pressure. 
 
3.3 Temperature distribution 

 
Based on the simulation results regarding the temperature distribution profile, it can be seen 

in each plane indicating a mean radiant temperature effect where each object around has a radiant 
temperature. And on plane 2 it can be seen that the greater the speed released by the AC inlet, the 
faster the air spreads in the classroom with a comfortable temperature. Plane 3 indicates an similar 
temperature distribution ranging from 297.8 K to 301.5 K with the highest temperature being at the 
front and rear student desks because they are parallel to the AC. 
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Figure 11. Temperature Distribution Profile Plane 2 

 

 
Figure 12. Temperature Distribution Profile Plane 3 

 
According to ASHARE 55 2020, Human thermal comfort is defined as a state of mind that 

expresses satisfaction with the surrounding environment. Thermal comfort and good air quality 
in the classroom not only have a positive impact on student health in the classroom, but also help 
improve student concentration and learning performance. Therefore, it can be concluded that 
in the first configuration when viewed against the ASHRAE 55 standard in 2020, the results in 
the first configuration consisting of 3 distributions in the form of pressure, speed and temperature 
do not meet the ASHRAE 55 criteria because the air flow velocity in the classroom is more than 
0.8 m/s which ranges from 0.86 m/s to 1.23 m/s which exceeds the air velocity standard value. 

However, when viewed from the air circulation for the prevention of COVID-19, this first 
configuration is included in the criteria for good circulation in the spread of COVID-19 because it 
meets 3 requirements for good ventilation, such as: 

1. Ventilation rate: the amount and quality of the outside air flow that enters the room 
2. Airflow direction: this airflow aims to channel air from a clean place. 
3. Airflow system: air distribution to all parts of the room in order to increase the dissolution 

and reduction of pollutants from the room. 
With the configuration of the outlet in the form of a door, the spread of COVID in the 

classroom can be minimized due to good air exchange. 
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4. CONCLUSION 
 

According to the distribution profile results in the simulation, it can be concluded that the 
configuration with the outlet door is not in accordance with the ASHRAE 55 standard in 2020. 
This is because the air flow velocity in the room ranges from 0.869 m/s to 1,232 m/s which is not 
in accordance with the ASHRAE 55 standard. that is not to exceed 0.8 m/s. 

Based on all the simulation results carried out by 5 different speed fan configurations, the 
best configuration according to the ASHRAE 55 standard in 2020 is the configuration with the 1st 
fan speed (3.2 m/s). In this configuration, it can be seen that the room temperature is between 298.7 
K to 304.9 K and the indoor air flow velocity is 0.793 m/s. These results are also based on the 
consideration of the COVID-19 pandemic, which requires air circulation in order to break down 
the aerosol concentration of the COVID-19 virus itself. 
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