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Abstract 

 
Indoor Air Quality has an enormous impact on our daily lives since it significantly affects our 
health, well-being, and comfort. Since, in the last few decades, the time that people spend 
indoors has significantly increased the interest in understanding this type of environment, 
namely regarding indoor air quality, has been increasingly studied 
In this work, CFD simulations were used to study indoor natural ventilation in primary 
classrooms. The influence of the simulation setup, namely boundary conditions and turbulence 
models are analyzed as well as the effect of some ventilation parameters. The efficiency of 
natural ventilation is compared to mechanical ventilation using a Corsi-Rosenthal box type 
filter. The ventilation power was studied using tracer simulations, using CO2 has the tracer gas. 
 
The turbulence models studied were the standard 𝑘-𝜀, realisable 𝑘-𝜀, RNG, SST 𝑘-𝜔 as well as 
LES and SBES. It was found that the RANS models produce similar atmospheric flows, 
however the main difference reported was in the flow through the openings. Comparing with 
the result produced by LES and SBES the SST 𝑘 − 𝜔 was considered to be the most accurate 
of the RANS models. Figure 1 shows surface streamlines traced near and inside the room at 
planes 𝑦 = 1,5 m and 𝑧 = 25 m. It was also found that the wind direction has a significant role 
in the ventilation capacity, reaching a maximum value of total outflow at approximately 𝜃 ≈
25°. From the tracer simulations, it was found that the indoor air was renewed by two 
mechanisms: convection and turbulent mixing, being the later the more significant. For the 
conditions simulated, the pollutant removal by mechanical ventilation was much less effective. 
However, natural ventilation will depend in plethora of factors that reduce its viability to be a 
reliable ventilation mechanism along, let’s say, one year of different atmospheric conditions. 
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Figure 1 – Surface streamlines near and inside the room at planes y=1,5 m (bottom) and z=25 m (top) 

Finally, a new approach for these types of problems was studied, it is a halfway between the 
coupled and decoupled approach.  It consists in first running a simulation in a larger domain, 
simulating both indoor and exterior air flow and using it to interpolate the boundary profiles for 
a new smaller domain. More specifically, the first domain included indoor air and external 
atmosphere and then CFD data generated at the openings (windows) were used to seed the 
inlet/outlet conditions to simulate only the internal domain of the school room. This new 
approach reduced the computation cost of the simulations approximately 75%, while 
maintaining fairly good accuracy. 
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