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Clean air against pathogens: the 
role of air flow and ventilation

Michael Riediker



�����What I will show you

Aerosols go with the flow.

Aerosols are hard to model.

Solution: Combine model with observations & measurements. 
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Release: fine + larger aerosols
Larger aerosols

Few aerosols
Many viruses per aerosol

Fine aerosols
Many aerosols

Few viruses per aerosol

https://doi.org/10.1016/j.jaerosci.2011.07.009
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SprayFog

Two modes of respiratory aerosols



�����Physics of gases and aerosols

Air 
molecules 

0.1 µm 
Aerosol

1 µm 
Aerosol

10 µm 
Aerosol

100 µm 
Aerosol

Sedimentation speed 0 0.00087 
mm/sec

0.035 
mm/sec 3.1 mm/sec 261 mm/sec

stopping distance @ 
10 m/s initial speed 2.5*10-6 mm 0.0088 mm 0.035 mm 2.3 mm 130 mm

Brownian diffusion in 
10 sec 28 mm 0.12 mm 0.023 mm 0.007 mm 0.002 mm

Calculated for air at 20°C, 1013 hPa und spherical, solid aerosols of 1g/cm3 Dichte. Mean diameter of air molecules: 0.00037 µm.
Source: Aerosol Measurement. Principles, Techniques and Application. 3rd ed. Kulkarni, Baron and Willeke. John Wiley & Sons Inc. 2011.

Gases move and diffuse. Aerosols go with the flow.
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Gas flow properties and flow resistance



�����Fog to understand indoor aerosol flow



�����Fog for modelling transfer & exposure

Large and 
complex 
rooms

Ventilation 
systems

�����
������
���
�����������������

��	��������
������
����

Assessing the risk of
virus transfer via aerosols

in indoor environments
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Caution: We used low-cost optical sensors operated at high count concentrations. 
This leads to aerosol coincidence losses. Furthermore, the test aerosol is not long-
term stable (a price we pay for using low-toxicity theatrical fog). It is important to 
establish under controlled conditions correction factors that are adapted to the 
combination of the specific test aerosol (type of theatrical fog) and the sensors used.

Humans exhale aerosols when 
breathing, talking, singing

Respiratory aerosols from infected 
people contain viruses

The fine aerosols stay airborne for 
long time and go with the air flow

Question: How to assess the risk in rooms with or without good air mixing?

inhale exhale inhale

Define scenarios: 
How is the room 

used?

Vocal cords

Alveoli Fog and Spray are similar to the two mode of respiratory aerosols.

Release aerosol at 
locations with 

human presence
Observe flow and 
quantify aerosols

Assess transfer 
rates & ventilation 

efficiency

Calculate infection 
risk for the defined 

scenarios

Aerosol test questions:
• Is the room safe to use?
• What is best way to 

supply clean air to room: 
Top, bottom or 
combined?

Scenario: 
Room type: Theater hall.
Volume: 518 m3

Ventilation: high (3 ACH).
People inside: Spectators 
on seats, actors in front.
Masks: Spectators wear 
poorly fitting mask. Actors 
no masks.
Distances: All in far-field.
Talking: Spectators are 
quiet, actors talk 20% of 
the time with loud voices.

Simulation of an actor: Theatrical 
fog released by fogging machine.

30 seconds after the release.

Observations
In the assessed supply air 
scenarios, … 
• Aerosols raise up
• Turbulent rapid mixing

Measurements:
Rapidly homogeneous 
concentration across the 
entire user space.

Measurement network with 
low-cost aerosol sensors

Equivalent air exchange rates:
The reduction rate of test aerosol 
equivalent to perfect mixing.

Transfer rate:
Proportion of total released aerosol 
reaching another point in the room 
(when conditions are not well mixed)

Different supply air approaches result 
in different reduction rates. Best was 
combined top and bottom supply.
Rates were then calculated for 
phases with stable aerosol size and 
adjusted for the aerosol's half life.

A: Situations with good mixing

1) Use equivalent air exchange 
rate from experiments to 
obtain inhaled dose with the 
SECO-SCOEH-Tool.

2) Compare inhaled dose with 
critical dose.

B: Situations with transfer

1) Calculate virus emission rate 
using SECO-SCOEH-Tool 

2) Use experimental transfer 
factor, respiratory rate and 
mask efficiency to obtain the 
inhaled dose.

3) Compare inhaled dose with 
critical dose.

The SECO-SCOEH Tool can be 
downloaded for free at 
https://scoeh.ch/en/tools-en/

D
is
cu
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n Comparison with tracer gas methods:

• As an advantage, the fog provides a 
rapid visualisation of the air flow.

• Comparison with tracer gases yield 
similar equivalent air exchange rates in 
situations of good mixing.

• In situations with directional air flow, 
aerosol transfer rates are often similar to 
gas transfer rates (especially when air 
flow speed >> gas diffusion speed).

Important to consider thermal effects 
during assessment:

• Air above humans raises due to thermal 
buoyancy.

• In situations with directional air flow 
(e.g. source ventilation), testing with 
people in the room or heat dummies is 
highly recommended.

A promising approach to assess situations with in-room sources

• In the culture halls evaluated and improved by this approach, no super-
spreading events were reported and the infection rate among staff was at or 
below the population average (oral communication).

• The visual effect created by the theatrical fog is a very powerful tool to 
communicate the findings to decision makers.

• The theatrical fog is of low toxicity and therefore allows assessments in 
rooms where people are present.

• Future efforts aim to improve the statistical correction for the evaporative 
losses of the test aerosol at different humidity and temperature.
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0 seconds 10 seconds

20 seconds 30 seconds



�����Cloud in a large empty room



�����Thermal plume

Humans are heat sources and create upwards air streams



�����Thermal plume + floor air supply



�����Pockets of stagnant air

In collaboration with team of Heinrich Huber, HSLU



�����Flow often not as expected

In collaboration with team of Heinrich Huber, HSLU



�����Quantify non-mixed situation?

A: There is mixing, just modified efficiency B: No real mixing taking place



�����Situation A: 
Modified efficiency in mixed room

seco-Tool for estimating the viral dose in a well-mixed room: https://scoeh.ch/de/tools Based on (1) Riediker, M. et. al., Swiss Med Wkly. 2022;152:w30133 (2) Riediker, M., Monn, C. Aerosol Air Qual. Res. 2021;21, 
200531. (3) Riediker M, Tsai D-H. JAMA Netw Open 2020;3:e2013807.  (4) Nicas M. JOEH 2016;13:519–28.  (5) 1 Keil C, Zhao Y. JOEH 2017;14:793–800.

Room
• Room Volume
• Air Exchange Rate
•Windspeed

Emitters
• Emitters Percentiles
• Voice-Strength(s)
•Mask Efficiency (Exhaled)
• Activity Respiratory Volume
• Time in room

Receivers
•Mask Efficiency (Inhaled)
• Activity Respiratory Volume

In-room removal
• Virus Half-Life
• Air purifiers
• Air disinfection methods

+ Efficiency-factor

• Mass-balance model for far- and near field
• Virus-emitting person(s) as source
• Reduction by ventilation and in-room (virus t½ + measures)



�����Situation B: Pollution cloud moves around

Time

Concentration

Dose = f(Area under curve, volumetric breathing rate,…)

DosePuff / EmissionPuff = Proportion of emission received

+ corrections for virus, IAQ parameters, protective measures, 
test aerosol & sensor type

Model: Emission strength and duration & receiver specifics



�����Take-home message

Aerosols are not gases. They go with the flow.

Perfect mixing is rare in large rooms.

There is a way to model scenarios in complex situations: 
Visualize, collect data and integrate it in your model!
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Thank you!

michael.riediker@scoeh.ch

• The international scenario modelling team: Leonardo Briceno-
Ayala, Gaku Ichihara, Daniele Albani, Deyan Poffet, Dai-Hua 
Tsai, Samuel Iff, Christian Monn

• The ventilation research team of Prof. Heinrich Huber, HSLU
• Health and Safety expert Felix Wolfart, Schauspielhaus Zürich


