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Summary and Conclusions

The integration of an additional floor-

based air supply and thus a hybrid ceiling 

and floor-based air supply at a 30%-70% 

split flow ratio reduced the average particle 

load by 36%. The number of ‘highly 

contaminated seats’ was also minimized 

from seven to one compared to sole 

ceiling-based air supply.

It can be concluded that the airflow 
concept used in the passenger zone of a 
train has a significant impact on the 
spreading of a locally induced aerosol, e.g., 
exhaled particles by a sick passenger. 

Scope of the Research

In passenger train ventilation it is a challenging task 

to balance the three main demands: 

• thermal comfort

• energy demand

• air quality

Our experimental study addresses the questions: 

• How do exhaled particles spread in the 

compartment? 

• What is the influence of the ventilation 

system? 

Ventilation Concepts

The total volume flow rate is constant at 830 m3/h.

• Micro-jet ventilation with lateral ceiling exhaust 

(MJV-CE, Fig. 2, left) 

• Micro-jet ventilation with floor-based exhaust 

(MJV-FE, Fig. 2, middle) 

• Hybrid, a combination of MJV and cabin 

displacement ventilation (30%-70%) with ceiling 

exhaust (Fig. 2, right)

Main Results

Fig. 4 and Tab. 1 present the time-averaged 

steady-state aerosol load and the main results:

• high contaminations close to the source

• minor impact of different exhaust positions 

(see Fig. 4(a) and (b))

• Hybrid 30%-70% (MJV-CDV), see Fig. 4(c), 

advantageous: 

• only 1 highly and only 8 slightly 

contaminated seats 

• mean particle load decreased by 36% 

compared to  MJV-CE

• volume flow rate split between ceiling and floor 

supply has a major impact (see paper)

Measurement Procedure

• Generic train compartment with 24 thermal 

manikins (see Fig. 1)

• One manikin exhales an aerosol containing 

artificial saliva particles (here: seat B02)

Figure 1. Generic train compartment equipped with thermal manikins during a smoke visualization

Figure 4. Aerosol spreading: fraction of potentially 
inhaled particles at (a) MJV-CE, (b) MJV-FE, (c) 
Hybrid (30%-70%). 
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Ventilation concept 𝑓𝑁
10−3%

Number of seats 
with 𝑓𝑁 > 0.05 %

Number of seats 
with 𝑓𝑁 > 0.10 %

MJV-CE 68.5 12 7

MJV-FE 64.8 12 6

Hybrid (30%-70%) 43.3 8 1

Figure 2. Investigated ventilation concepts. MJV-CE 
(left), MJV-FE (middle) and Hybrid (right). 
Air supply: blue arrows, exhaust: red arrows.

Table 1. Summary of the average inhalation fraction and the number of seats with values above a certain 
threshold. Note: The selected thresholds are arbitrary and not based on specific infection risk assumptions. 
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• Measurement of local 

aerosol particle concen-

trations in breathing zones

• Inhalation fraction 𝑓𝑁, i.e., 

amount of inhaled com-

pared to amount of exhaled 

particles
Figure 3. Aerosol-
exhaling manikin
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