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t is now recognised that COVID-19 is spread by respiratory aerosols and droplets
which can result in airborne transmission [1] [2]. As users of CFD tools, many of us
have considered or been asked what simulations we can do to support the fight
against the virus and protect people against infection. One of the benefits of CFD is that it
makes visible what we would otherwise not see, but it is also vital to know how well the
simulations capture what is important. Validation is challenging, boundary conditions
may not be clear, and what about factors like the transient effects of breathing and the
motion of people? Further important questions exist around how to treat turbulence,
which simplifying assumptions to use, and how all this relates to viral load.
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The topic was being discussed at NAFEMS CFD working
group meetings from the beginning of the pandemic and
events were starting to take place to look at aspects of the
engineering response [3] [4] [5] [6]. The group were
particularly conscious of the risks from misusing CFD,
either from poorly designed simulations or from
inappropriate conclusions from simulations. This led to the
idea for a CFD Community event, to open up the
conversation within the wider simulation community on the
challenges and issues that must be considered before
engaging in such simulations and how CFD may be useful
in such scenarios.

Providing an authoritative voice on the topic, our invited
speaker was Professor Cath Noakes, whose work includes
both simulation and physical studies of airborne
pathogens and who leads the Environment and Modelling
Group (EMG), a SAGE (UK government Scientific Advisory
Group for Emergencies) sub-group focusing on the science
underpinning environmental transmission of COVID-19.
Professor Noakes was asked to tell us about airborne
transmission and the spread of COVID-19. She started by
reminding us that although it is a respiratory virus, it can
also be spread through direct contact and that the risk
factors relating to transmission are quite wide ranging.

63

Respiratory Transmission Dynamics
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• Larger droplet – local
deposition- contact
• Surfaces/fomites

Figure 1: Respiratory transmission is complex

Such risk factors include proximity, enclosure, duration,
activity, crowding, environmental conditions, stage of
infection, and symptoms. Close range transmission is the
dominant route, both from inhalation of larger droplets
and small aerosols and contact, but we don’t know the
importance of the different mechanisms yet. Far field
aerosol transmission (beyond ~2m) is likely to happen but
needs the right conditions. In addition, surfaces still
matter although there is a lack of good data on the role
they play. The whole problem is influenced by fluid
dynamics but there is a lot we don’t yet know about the
generation of aerosols and droplets in the respiratory
system or the deposition of particles within the
respiratory tract, eyes, etc.
The dynamics of respiratory transmission can be viewed
in terms of source, exposure, and transport. Source being
all routes for respiratory output, be it talking, coughing
etc. or medical interventions, and also the size
distribution, location, and duration of the output. Exposure
is aerosol inhalation but also larger droplets and local
deposition, plus transfer on surfaces. Finally, transport,
incorporating the characteristics of micro-organisms (and
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their response to external conditions), the fluid dynamics
of the airflow around moving sources, and even the
unpredictable and hard-to-characterise effects of human
behaviour. These combine to produce a vast number of
unknowns for conditions that are incredibly messy with
transient and multiphase flow.
The measurement of respiratory aerosols is challenging,
with a wide range of particle sizes. The physics of
respiratory outputs is incredibly complex [7] [8] and
particles are not the same as pathogens. There is a wide
range of size and pathogen quantity in respiratory fluid,
which also contains proteins, surfactants, and salts, in
addition to water. On expulsion, the water starts to
evaporate quickly, reducing droplet size and changing
behaviour [9] [10]. This impacts far-field aerosol
transmission, where measured information is somewhat
sketchy.
Professor Noakes finished by reminding us that we need
to be aware of all transmission routes, and with some
warnings and suggestions about using simulation:
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The Opportunities for CFD in fighting COVID-19
More than a blunt marketing stunt

Source: Siemens

The strength of CFD…
•

Established models and validated simulations of turbulent multiphase flows

•

Handling of complex geometries and realistic scenarios

•

Faster, safer, more cost-efficient insights compared to experiment

•

Existing expertise in the medical device, pharmaceutical process,
transportation and infrastructure sectors and related research

Source: Siemens

…combined with continuosly improving understanding
of boundary conditions (breath, sneeze, cough, talk)…

…offers manifold opportunities
•

Asses risks of real-life and what-if scenarios (fast, cost-efficient, safe)

•

Improve ventilation systems for buildings, public spaces and transport

•

Guide society, industry and politics on adequate (risk mitigation vs. restriction)
safety measures (beyond a plain „keep distance“ rule)

•

Support scientific research on gaining more detailed insights in the fluid
mechanics associated with the virus and its transmission

•

Improve rehabilitation devices, optimize pharmaceutical processes

Source: Vyaire Medical

Simon Fischer, Siemens Digital Industries Software
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Figure 2: CFD is more than a blunt marketing stunt in the fight against COVID-19

•

Whilst CFD can provide some helpful insights, we
shouldn’t get too distracted by the fluid dynamics.
We need to remember that it is a biological process
that we simplify in the particle and airflow models.
The models do provide some insight but there is a
danger that people use these as the ‘definite
answer’.

•

We need to consider human behaviour, which is
incredibly stochastic. The variability of factors
should be driving us to move to more stochastic,
probability-based CFD outputs.

•

We should also beware of embedding assumptions:
it is clear they are assumptions at the start, but it is
easy to get caught up in the modelling and forget
that everything depends on those assumed
numbers.

•

There is a lot that CFD can contribute in terms of
mitigation: ventilation, screens, air disinfection, etc.

•

We should consider the outputs from CFD and
always provide data in a format that others can use.

•

We should remember that relative effects are more
important than absolutes.

•

We should consider quantifying exposure: it is not
the distance that a particle could travel but rather
the proportion of particles that reach a location and
whether they pose a risk.

•

We should collaborate with expertise beyond fluid
dynamics: epidemiologists, virologists and all the
people who have that medical and microbial input.

Following on from Professor Noakes’ talk, two
members of the CFD working group agreed to draw out
different views. Simon Fischer first presented the
opportunities for CFD. The strengths of CFD are:
established models, validated simulations of turbulent
multiphase flows, handling of complex geometries, that
it is faster, safer, and more cost-efficient compared to
experimentation, and substantial existing expertise in
relevant industries and related research. Combining all
of this with our continuously improving understanding
of the boundary conditions means the opportunities to
use CFD for airborne transmission are manifold. CFD
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CFD COVID Flow Discussions

CFD – no magic bullet
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Anthony Mosquera, Design Services Director, Applied Computing & Engineering Ltd.
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Figure 3: 10-D approach to reducing the risks of COVID-19

can be used to support scientific research in gaining
more detailed insights into the fluid mechanics
associated with the virus and its transmission. By
assessing real life and ‘what if’ scenarios, the
conclusions from simulations can be useful to guide
society, industry, and politics on adequate safety
measures. There is also a strong case for using CFD to
improve ventilation systems, rehabilitation devices and
optimise pharmaceutical processes.
Simon concluded that, whilst the devil is in the detail and
we need to understand the limitations of what we do,
CFD is more than a blunt marketing stunt and we should
not back down from the challenge of using it in the fight
against COVID-19.

risk the dangers of this dastardly and deadly disease”.
The measures are all qualitative, so can CFD enable us to
provide more quantitative measures? He considered each
in turn and questioned whether CFD can provide useful
further knowledge than can be obtained from other
sources.
Device design was the exception, as CFD can provide
useful insight where the boundary conditions and
operating conditions can be controlled or measured and
quantified.

Following on, Anthony Mosquera agreed to play the role
of devil’s advocate, arguing against the use of CFD; an
unfamiliar role for a long-term member of the NAFEMS
CFD working group and someone who spends their life
working with CFD tools.

Anthony concluded that the question we should ask is,
“what decisions does CFD enable us to make to reduce
our risk from COVID-19 that we would not have known by
other intuitive, already available, more timely or less
costly means”. Is CFD the magic bullet? No, not at the
moment; CFD needs to be validated by experiments and
those experiments can give us the information we need,
so we don’t need to do both.

Anthony presented the main measures that can be used
to reduce the risk of transmission, drawing them
together as his “ten-D multi-dimensional directive to de-

Darren Woolf provided some concluding comments on
the wider importance of air quality and how CFD is a
fantastic tool that can be used to provide detailed insights
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into both particle paths and airflow. However, we need to be
clear whether it is being used as an academic exercise,
increasing quantitative accuracy, or as a design exercise, to
produce relative qualitative assessments to drive a design
forward.
Darren challenged the CFD community to look again at the
metrics we use, and to design new metrics driven by the
strengths of CFD, rather than those that have been created
from a mechanical design perspective or having oversimplified assumptions. CFD has the potential to be a magic
bullet in built environment applications. We are only at the
start of recognising the true potential of how CFD can reduce
our infection risk and improve our general health and
wellbeing.
Following the short presentations, the floor was opened for
discussion and questions from the audience. Joining the
speakers on the panel was Adrian Kelsey. The questions
were wide ranging, including CFD-specific topics, such as
turbulence approaches, boundary conditions and the use of
simplifications and models, through to topics specific to virus
transmission, such as the impact of viral load. Furthermore,
given that CFD can’t be used to capture all the physics, how
can it be combined with other modelling methods, such as
risk models and ray tracing?
Several questions were asked about understanding
transmission within enclosed spaces. A lot of work has been
done on infection transmission within aircraft, but that is
easier because the environment is enclosed, and people are
mostly static. During the pandemic, the risks on public
transport have been a focus [11]. CFD does have a role to
understand the effects of enclosed spaces, even if this is not
to provide absolutes but to give an indication of where the
risks might lie and how a solution might benefit. All the
panel members agreed there is a strong role for using CFD
to drive device designs, such as determining residence time
in UV treatment.

For many people, CFD is about quantification, so in
considering virus transmission, there are concerns
around the uncertainties and number of unknowns
we have for these cases. The use of error bars to
show variance due to those uncertainties can help
and be useful to understand trends. Also, the
importance of working with the domain experts,
such as virologists, biologists, epidemiologists etc.
to understand the uncertainties, is critical.
Simulating the fluid behaviour is only part of the
problem. As important as the numbers coming out
of CFD, is the interpretative message. We need to
consider how the information is passed to people
who are not fluid dynamicists, including any
caveats and limitations.
A poll taken during the event showed that whilst
less than a third of us (29%) have undertaken CFD
work related to COVID-19, most of us (54%)
haven’t, although others are considering it. We
need to be pragmatic about the use of CFD, staying
mindful of both the risks and potential of using
CFD in the fight against COVID-19. The devil is in
the detail; it is a complicated problem with a lot of
unknowns, and we must not oversell what we can
do. However, it should not stop us from trying; we
just need to be aware of the simulation limitations
and the fact that CFD is just one tool which, rather
than standing alone will be used in context of other
sources of information.
Thanks to everyone who participated in the
discussions. The live event was held in early
December 2020 and the recording is available to
NAFEMS members at nafe.ms/COVID-CFD and
readers are encouraged to participate in the
ongoing discussion in the NAFEMS CFD
community forum.
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