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Tracking down aerosols
How do infectious aerosols spread in supermarkets, airplanes, and other
indoor areas where large numbers of people congregate? Researchers from
15 Fraunhofer institutes and institutions are investigating this in the AVATOR
project.
Just in time for the summer, incidence rates have gone down, and restrictions are
being eased everywhere. Many people are taking advantage of this to finally get back
in the air and enjoy a holiday in other climes. But the Delta variant is forcing renewed
caution in the coronavirus pandemic. Social distancing and wearing a mask are therefore still the order of the day. While the risk of infection is quite low outdoors, infectious aerosols can easily accumulate indoors and lead to infection. How do these aerosols spread, and how high is the risk of infection in airplanes, supermarkets, classrooms
and the like?
Simulation chain instead of single simulations
Led by the Fraunhofer Institute for Building Physics IBP, researchers from a total of 15
Fraunhofer institutes and institutions are studying this in the AVATOR project, short for
Anti-Virus Aerosol: Testing, Operation, Reduction. “We are simulating and analyzing
how viruses spread indoors and searching for ways to purify indoor air effectively,” says
Prof. Gunnar Grün, Deputy Director of Fraunhofer IBP and overall manager of the project. What sets this project apart from the rest? Instead of working with a single simulation method, the scientists at the participating institutes are conducting simulations
with different techniques and levels of detail over long periods of time. Starting at near
field, i. e. very close to the mouth of an infected person, the simulations extend to the
far field, such as a large room. How many viruses are released into the room air when
different types of masks are worn? How does the airflow behave near a person, and to
what extent do any exhaled viruses spread throughout a room over time? “We generate simulations on different scales, which we can combine to form a simulation chain,
depending on the task at hand,” Grün explains.
For example, in the near field simulation, Fraunhofer ITWM focuses in particular on
how the aerosol concentration in the immediate vicinity of an infected person changes
when he or she wears a different mask. The experimental validation data on the flow
field were determined by expert teams at Fraunhofer EMI using laser light section and
Schlieren measurement techniques. Fraunhofer IBP, on the other hand, is concerned
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with simulating large areas over longer periods of time, for example in aircraft cabins or
production halls. To validate the simulation results, the research teams compare them
with measurement data from IBP's own aircraft cabin, which is ideal for studying the
airflows occurring inside such areas. “In our simulations at Fraunhofer IBP, we look at
the daily routine from start to finish. Our simulations are therefore naturally not nearly
as accurate as those of the other institutes, which are limited to simulation times of just
a few minutes. However, this is exactly where the great advantage of the simulation
chain lies: The simulations complement each other in a meaningful way. Since the transitions between the simulations can be linked, the resulting picture can be extended to
gain more information,” says Grün.
Agent simulation takes movements into account
The situation becomes even more complex when people move around in a room rather
than just stand still. The Fraunhofer researchers also included this aspect in their simulations by using an agent tool developed by Fraunhofer Singapore. Who walks in which
direction? Who does the person come into contact with in the process? Fraunhofer IGD
and Fraunhofer EMI, on the other hand, are responsible for simulating the corresponding indoor airflows.
To what extent does turbulence occur as a result of the movement? There is simply not
enough computing capacity to simulate all the contacts made. Fraunhofer Austria
therefore uses machine learning methods to select representative situations, which are
then transferred to the airflow simulation. This targeted use of artificial intelligence is
what makes agent-based flow simulation possible in the first place. The consortium has
already simulated how aerosols spread in a supermarket with different people moving
around. Of course, the model can also be applied to airplanes, classrooms and other
rooms.
From the simulations, the researchers can predict how the aerosols spread in specific
rooms. For example, how many viruses does a person breathe in on an airplane when
an infected person sits one row in front? Two risk models jointly evaluated by Fraunhofer IFF and Fraunhofer ITEM can be implemented to assess the respective risk of infection and the effectiveness of various protective measures. Grün cites one of the results
as an example: “By linking the different models, we can see very clearly that wearing
an FFP2 mask in an aircraft cabin is sufficient to reduce exposure by more than 95 percent, and thus also the risk of infection.” The exact risk depends, of course, on a number of factors: for example, the precise distance away from the infected person, the
quantity of infectious viruses and the duration of stay in the room. From the risk assessment data, the project participants can derive useful hygiene measures and study their
effectiveness. Indoor air purification techniques, as well as the evaluation of their effectiveness, are therefore a further focus of developments in the AVATOR project.
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Background information
The AVATOR project was financed with funds from the Fraunhofer-Gesellschaft’s
“Anti-Corona” emergency program.
The project consortium is made up of the following Fraunhofer institutes:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Fraunhofer Institute for Building Physics IBP
Fraunhofer Institute for High-Speed Dynamics, Ernst Mach Institute, EMI
Fraunhofer Institute for Industrial Mathematics ITWM
Fraunhofer Institute for Chemical Technology ICT
Fraunhofer Institute for Structural Durability and System Reliability LBF
Fraunhofer Institute for Applied Polymer Research IAP
Fraunhofer Institute for Microengineering and Microsystems IMM
Fraunhofer Institute for Toxicology and Experimental Medicine ITEM
Fraunhofer Institute for Factory Operation and Automation IFF
Fraunhofer Institute for Physical Measurement Techniques IPM
Fraunhofer Institute for Computer Graphics Research IGD
Fraunhofer Singapore
Fraunhofer Austria
Fraunhofer Institute for Manufacturing Technology and Advanced
Materials IFAM
Fraunhofer Institute for Interfacial Engineering and Biotechnology IGB
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Press contacts of the Fraunhofer institutes and institutions
•

Fraunhofer Institute for Building Physics IBP
Press contact: presse@ibp.fraunhofer.de

•

Fraunhofer Institute for High-Speed Dynamics, Ernst Mach Institute, EMI
Press contact: birgit.bindnagel@emi.fraunhofer.de

•

Fraunhofer Institute for Industrial Mathematics ITWM
Press contact: presse@itwm.fraunhofer.de

•

Fraunhofer Institute for Toxicology and Experimental Medicine ITEM
Press contact: cathrin.nastevska@item.fraunhofer.de

•

Fraunhofer Institute for Factory Operation and Automation IFF
Press contact: rene.maresch@iff.fraunhofer.de

•

Fraunhofer Institute for Computer Graphics Research IGD
Press contact: daniela.welling@igd.fraunhofer.de

•

Fraunhofer Singapore
Press contact: julienne.chan@fraunhofer.sg

•

Fraunhofer Austria
Press contact: elisabeth.guggenberger@fraunhofer.at
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Droplets and aerosols of various sizes
are expelled when breathing out or
talking. Larger droplets (red) sink
towards the ground. Smaller droplets
(yellow, green, blue) first rise upwards because body heat creates a
buoyant current. Different types of
protective masks prevent spread to
varying degrees. The picture shows a
comparison of the simulations - a
particle filtering mask (FFP2/N95), a
surgical face mask, a face shield, and
no protection at all.
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Simulation scenario aircraft - how do
aerosols spread in the aircraft cabin?
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Bird’s eye view of aisles in a supermarket. The paths (trajectories) of the
simulated customers are shown as
colored lines with clusters of similar
trajectories shown in the same color.
The representative trajectory created
by artificial intelligence, which facilitates the simulation, is shown in black
for the respective cluster.
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A simulation scenario: How do aerosols spread inside an aircraft?
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The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on developing key
technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunhofer plays a
central role in the innovation process. As a pioneer and catalyst for groundbreaking developments and scientific excellence, Fraunhofer helps
shape society now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 75 institutes and research institutions
throughout Germany. The majority of the organization’s 29,000 employees are qualified scientists and engineers, who work with an annual
research budget of 2.8 billion euros. Of this sum, 2.4 billion euros are generated through contract research.
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