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S1. Different inlet velocities in the FW configuration  

Figure S1 shows the dissipation of the normalized in-cabin total amount of aerosols in the FW configuration 

for different input air speeds applied on the external boundary “i” (Fig. 6a). It can be observed that the 

expulsion rates compared to the original 50km/h are very similar, although the lag-time to start the expulsion 

becomes longer as the speed decreases. In quantitative terms, the time needed to decrease the original 

amount of aerosols to 0.1% obeys a power law scale of 301.6(𝑠𝑝𝑒𝑒𝑑)−1; so for instance, at 50km/h the 

resulted time is 6s, while for 10km/h is 30s.  

 

Figure S1. Dissipation of the total in-cabin amount of aerosols in the FW configuration. The different speeds 

are 10, 20, 30, 40 and 50 km/h. Simulations were done in 2D using the SST 𝜅 − 𝜔 model. 
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S2. Mesh size dependent study 

Figure S2 shows the dissipation of the total in-cabin amount of aerosols for the AW configuration (all 

windows open). In this mesh size-dependent study we varied the mesh defined at the walls of the bus to 

increase the spatial resolution of the in-cabin zone; the rest of the mesh far from the bus was unchanged. 

For the coarser mesh we used a size of 0.1W (being W=2.5m the bus width) at the lateral walls of the bus, 

while at the rear wall we used 51 × 10−3W.  For the finer mesh we used 6.4 × 10−3W at the lateral walls 

and 3.2 × 10−3W at the rear wall. The plot shows that the use of a very coarse mesh renders a dynamic 

profile clearly different from the rest of the curves (thicker line). In the current simulations we selected a 

mesh size depicted by the dashed line (fine mesh). 

 

Figure S2. Mesh size-dependent study using the AW configuration (all windows open, 2D); thicker, 

medium, and thinner solid lines correspond to a total number of elements of 1.6 × 104, 2.1 × 104 and 

3.4 × 104, respectively. The fine (dashed line) and finer (dotted line) meshes correspond to a number of 

5.9 × 104 and 11.9 × 104 elements, respectively.  

S3. Simulations without turbulent mixing 

In Figure 2 of the main text we have shown that the aerosol expulsion results obtained with both turbulent 

models, the 𝜅 − 𝜖 and SST 𝜅 − 𝜔, are very similar. Here in Figure S3 we are showing the same simulations 

but without considering turbulent mixing in the diffusion-convection equation. It is remarkable that now the 

differences are accentuated; see for example the 2W case where the average flow obtained with 𝜅 − 𝜖 not 

even predicts the expulsion of aerosols. This reveals that although the mean fluid flow obtained with both 
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models are not the same (as shown next in S4), the fluctuating terms considered in the turbulent viscosity 

and in the turbulent mixing smooth out such differences.  

 

 

Figure S3. Normalized in-cabin total amount of aerosols as a function of time for the 2W, 4W and FW 

configurations. These simulations were conducted without considering turbulent mixing in the diffusion-

convection equation. Blue lines denote the results using 𝜅 − 𝜖 while yellow lines correspond to the SST 𝜅 −

𝜔 model. Compare this Figure with Figure 2 in the main text. 

S4. Fluid flow maps in 2D 

The 𝜅 − 𝜖 turbulent model is extensively used due to its versatility and adaptability in different geometries; 

however, it is known that is not optimal for flows close to walls or past obstacles with strong vortex formation, 

detachment of streamlines or adverse pressure gradients [1, 2]. On the other hand, low-Re formulations 

like the SST 𝑘 − 𝜔 model have shown to improve turbulent flow predictions and have been validated against 

experimental data such as flows past a cube in channel flows [3], flow around a hydrofoil at standard 

temperatures [4], flow across a train at different angles of attack [5], ventilation inside a cubical enclosure 

[6] and flow and deposition predictions of aerosols in lung airways models [7], to mention some examples 

(these papers also highlight the similarities with other formulations such as with RNG 𝑘 − 𝜖). 

In this work we have seen, in general, that either the 𝜅 − 𝜖 and SST 𝜅 − 𝜔 yield similar results of the global 

expulsion rates of aerosols. There are, however, some important quantitative differences that we now want 

to remark. To facilitate the analysis and visualization of the flow fields generated by both models, we have 

computed the so-called Okubo-Weiss parameter, ℚ, in the 2D simulations defined as [8]: 

ℚ(�⃗�) = 𝑆𝑛
2 + 𝑆𝑠

2 −𝓌2 
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where 𝑆𝑛 is the local stretching rate: 

𝑆𝑛(�⃗�) =
𝜕�̅�

𝜕𝑥
−
𝜕�̅�

𝜕𝑦
 

𝑆𝑠 is the local shearing rate: 

𝑆𝑠(�⃗�) =
𝜕�̅�

𝜕𝑥
+
𝜕�̅�

𝜕𝑦
 

and 𝓌 is the local vorticity: 

𝓌(�⃗�) =
𝜕�̅�

𝜕𝑥
−
𝜕�̅�

𝜕𝑦
 

ℚ is defined in such a way that a positive value means that the local flow is dominated by deformation, 

while if it is negative then is dominated by local rotating elements instead. Figure S4 shows the ℚ values 

obtained for the 4W configuration and both turbulent models. 

 

Figure S4. 2D Okubo-Weiss parameter ℚ computed for the 4W configuration and both turbulent models. 

The wind direction (50km/h) is indicated with an arrow. Bus walls are marked with a gray line. 
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We can see in the corresponding 2D contours that both models yield a similar flow field: air enters through 

the back windows (denoted with white arrows) forming vortices inside the bus (denoted with asterisks), and 

then leave the bus through the front windows forming again vortices but outside the bus: this is pumping 

back-to-front effect commented in the main text. It is clear that there are some quantitative differences 

between the models, particularly in that the 𝜅 − 𝜖 underpredicts the vorticity intensity in some parts inside 

the bus. 

S5. General map of the mean age of air 

In Figure 3 of the main text we included 3D-contours of the mean age of air, 𝒜, either for the 4W and FW 

arrangements. Now we want to present a general view of the mean age of air appearing in the whole 

computational domain. In Figure S5 we can see that the value of 𝒜 = 0 at the inlet wall, which is where air 

enters the domain, while at the outlet wall it has a value of 5.67s. This value agrees with the time it takes 

the air to travel the whole computational domain and which is 79.3[m]/13.9[m/s]=5.7s. Also note that the 

𝒜-contour surfaces form a tail at the back of the bus; this trailing wake happens precisely because air gets 

trapped for longer times in the interior of the bus and in the vortices located in the rear part of it (there is 

also a delay on the ground level due to the no-slip condition). 

 

Figure S5. General view of the mean age of air values in the whole 3D computational domain. 

S6. CO2 experimental expulsion rates in an empty bus 

In this section we present some experimental results of the CO2 dissipation in our scale bus model but 

without passengers (empty bus). The cases shown in Figure S6 include: none of the windows open, 2W or 

two lateral windows open, 4W or four lateral windows open, FW or the frontal-lateral arrangement. 

Dissipation rate increases as expected, being the lowest when all windows are closed (CO2 slowly escape 

through unsealed parts of the bus walls), and the largest for the FW configuration. 
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Figure S6. Normalized CO2 concentration as a function of time detected inside our scale bus model without 

passengers. 

S7. Driver’s window in windward position 

Figure S7 shows the 2D pressure map, together with some streamlines and the velocity field found in a 

construction in which we included a driver’s window in windward position. The back-to-front pumping effect 

at the lateral walls is still observed together with the negative pressure inside the bus. 
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Figure S7. Fluid flow field and pressure on a 2D construction considering 2 driver’s windows and 2 open 

windows at the back (marked with asterisks). The incoming air is marked with an arrow. The bus walls are 

denoted with black lines. 

Video legend: In the video “Windows movies.wmv” we show the dispersion of an aerosol “cloud” emitted 

inside the bus model having different open windows configurations: 2W (2 open windows), 4W (4 open 

windows), AW (all windows open) and FW (one pair of frontal windows open together with one pair of lateral 

windows open at the back). The walls of the bus are denoted with white lines. 2D simulations using the 

SST k-ω and the concentration-based models. Color bar indicates the concentration level. IMPORTANT 

OBSERVATION: in the FW configuration aerosols are expelled out in the shortest time. 
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