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RAMP Tasks

• New epidemic models
• Urban analytics
• Human dynamics in small spaces
• Environmental and aerosol transmission
• Within-host modelling
• Co-morbidities
• Structured expert judgement
• Data wrangling



Environmental and aerosol transmission: 
subgroups

• Exhalation and ventilation Henry Burridge, Imperial
• Aerosols Marc Stettler, Imperial
• People movement Andy Woods, Cambridge
• Deposition on hard surfaces Marco Felipe King, Leeds
• Inhalation David Sykes, Glasgow
• Case studies Prashant Kumar, Surrey



Focus and strategy

• How can an understanding of the flows within buildings help to mitigate 
the spread of COVID-19 indoors?

• Develop key questions to address 
• Investigate key areas
• Produce and publish guidance/advice
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Some numbers: space 4m x 3m x 3m
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100 W

3 m

Air change rates

10 l/s = 36 m3/h

N air changes per 
hour (ACH)
10 l/s = 1 ACH

Volume average flow speed

V = N x height of the room

= 4 mm/s for 5 ACH
= 8 mm/s for 10 ACH
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100 W

3 m

Droplet fall speeds
N air changes per 
hour (ACH)
10 l/s = 1 ACH

Volume average flow speed

V = N x height of the room

= 4 mm/s for 5 ACH
= 8 mm/s for 10 ACH

1500 mm/s, 100 micron
15mm/s, 10 microns
0.015mm/s, 1 micron
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10 l/s = 36 m3/h



100 W

3 m

Inlet 0.5 m x 0.5 m

Droplet fall speeds
1500 mm/s, 100 micron
15mm/s, 10 microns
0.015mm/s, 1 micron

5 W
0.5 l/s

N air changes per 
hour (ACH)
10 l/s = 1 ACH

Volume average flow speed

V = N x height of the room

= 4 mm/s for 5 ACH
= 8 mm/s for 10 ACH

5 ACH

200 mm/s



100 W

3 m

Human plume

Droplet fall speeds
1500 mm/s, 100 micron
15mm/s, 10 microns
0.015mm/s, 1 micron

5 W
0.5 l/s

N air changes per 
hour (ACH)
10 l/s = 1 ACH

Volume average flow speed

V = N x height of the room

= 4 mm/s for 5 ACH
= 8 mm/s for 10 ACH

5 ACH

200 mm/s

200 mm/s

Individual flow elements much more important than the average flow 

Settles et al. 1995 Proc. Intl. Symp. Flow Vis.
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Volume average
V = 50 mm/s

100 mm/s

Can we maintain a mixed environment?
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Mixing vs displacement ventilation



Vent location
Boundary conditions

Displacement Mixing



Case study room
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Evidence that breath accumulates near the ceiling



TRACK
Transport Risk Assessment for Covid Knowledge

Professor Cath Noakes, University of Leeds
Policy and Technical Steering Board, 17th Nov 2020



TRACK Structure



Background

• TRACK is a 18 month, £1.7 million UKRI-funded research project designed to address critical 
knowledge gaps around transmission of COVID-19 on public transport. 

• Kicked-off on 22 September.
• The TRACK consortium is made up of Cambridge, Leeds, Imperial College, Newcastle and 

Manchester Universities, along with DfT, PHE and DSTL.
• DfT are also providing £156k to fund DSTL support with modelling, 
• Initial modal focus on tube, bus and rail, with geographical scope limited to Leeds, London 

and Newcastle.
• It will likely be applicable to other transport modes and workplaces and areas of 

interaction, and as such can inform the restart and recovery of other modes and sectors.



WP 5 Airflow modelling

Aims
• To determine airflow patterns in transportation vehicles
• To develop understanding of airborne transmission 

• To develop models to predict impacts of mitigation measures

Scope
• Field studies: CO2 measurements; Passive and microbial markers (WP2); Flow visualisation
• Laboratory studies: Water flume experiments; Ventilation modes, occupancy, people 

movement
• Computational Fluid Dynamics: Fluidity



WP 5 CO2 experiments

• Two experiments were carried out within the 
passenger saloon. Two runs of each experiment.

• 6 passengers wearing masks sat in “staggered” 
formation for 15 minutes with ventilation off.

• Ventilation turned on for 20 minutes (forced cooling 
75%).

• 7 MAGIC CO2 sensors used (M1-M6 and M8) and 2 
from Surrey (S1 and S2 co-located with M4 and M6).

Test case 1 “Middle”

Test case 1 “End”

Top view



CO2 measurements
• Steady state never reached after 15 minutes of vent off.

• Steady state not reached after 20 minutes of vent on.

• Each sensor starts at a different level of CO2. CO2 concentrations in the wider carriage 
unknown and likely to differ between experiments depending on activity before 
experiment.



Flow visualization; middle of the carriage 



CFD Simulation - Train geometry

• Run simulation mimicking train experiments 

Experiment “End” of the carriage Experiment “Middle” of the carriage



First results Experiment “End” of the carriage

Temperature

Velocity

CFD Simulation - Train geometry



Conclusion

• TRACK is a £1.85 million programme of work to assess the risk of transmission on public 
transport.

• Initial work well underway, with key methodologies and protocols set up and preliminary 
results  

• Deliverables at the 3, 6, 12 and 18 month intervals 
• DfT is providing project management support.
• Development of a transport risk model will likely be applicable to other transport modes 

and workplaces and areas of interaction, and as such can inform the restart and recovery of 
other modes and sectors.

• For any further questions, please get in touch with francis.mosley@dft.gov.uk or 
DfTChiefScientificAdviser@dft.gov.uk.

mailto:francis.mosley@dft.gov.uk
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