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Context

• Simulating gas flow in the lung is possible

https://www.cbbl-okstate.com/single-post/2018/10/10/transient-airflow-patterns-in-an-elastic-lung-model

Deposition is determined by particle 

size, but size time changes over time.
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Deposition is determined by particle 

size, but size time changes over time.

Controlling size is key to 

optimising deposition.



© Microsol Ltd 2023

Context

Formulation development can be accelerated 

using in-silico approaches
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Context

Formulation development can be accelerated 

using in-silico approaches
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Current state of the art

Bristol Aerosol Research Centre (BARC)

• Evaporative models (Kulmala)

• Evolving size distributions introduced

https://research-
information.bris.ac.uk/ws/portalfiles/portal/319819894/Natalie_Armstrong_Green_Thesis
_2022.pdf 
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Current state of the art

Bristol Aerosol Research Centre (BARC)

• Evaporative models (Kulmala)

• Evolving size distributions introduced

• First simulations of impactors

https://research-
information.bris.ac.uk/ws/portalfiles/portal/319819894/Natalie_Armstrong_Green_Thesis
_2022.pdf 
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• Improved SADKAT model engine

• Simulate full size distributions
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Our Approach

• Improved SADKAT model engine

• Simulate full size distributions

• Virtual impactors
• Device agnostic formulation optimisation

• Moving towards modelling inhalation
• Regional deposition
• Physiological conditions
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Simulating Single Droplets
We simulate droplets at the single-particle scale and then 

expand up to the emergent distribution properties
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Simulating Single Droplets

Applicable Across:

• RH

• Temperature

• Solutions

We simulate droplets at the single-particle scale and then 

expand up to the emergent distribution properties
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Size Distribution

https://aaqr.org/articles/aaqr-22-11-pui-0436

Complex 
impaction 
in throat

Distribution after throat à input to virtual impactor
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Size Distribution

https://aaqr.org/articles/aaqr-22-11-pui-0436

Complex 
impaction 
in throat

Distribution after throat à input to virtual impactor

Example Distribution

Any Distribution Possible
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Evolving Size Distributions
10 % RH 99 % RH

Speed of evaporation / condensation depends upon size

Aqueous NaCl solution, 0.1 MFS, 298 K
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Filtering a distribution
Airborne 

Distribution
After Filter

Deposited 
Distribution
Upon Filter
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Coupling Droplet Evolution & Filtration

RH = 99 %, NGI flow rate 60 Lmin-1
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Controlling Deposition
Reference: NaCl at 99 % RH

Higher ConcentrationLess Hygroscopic

NGI at 10 % RH Peak at 2.5 µm

1µm
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Tool Box: Controlling Deposition
• Initial size distribution

• Hygroscopicity

• Solute Concentration

Direct Inhalation

Time to Evaporate

• Conditioning – 
size chance prior 
to inhalation
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Hygroscopicity is important
• Determines equilibrium size and rate 

of size change
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Time Resolved Behaviour is Important

During inhalation dynamic processes occur

• Droplet Environment
• Temperature & Relative Humidity (RH)

• Droplet State
• Size, temperature, density
• Solidification or dissolution

• Filtration Events
• Passage though the lung and regional deposition

T

RH
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Next Steps

• Simulate physiological 

conditions

• Combine with ICRP deposition 

model

Environ. Sci. Technol. 2015, 49, 24, 14512–14521
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Conclusions

• Accurate simulations of population size 

change are possible

• Virtual impactors enable accelerated 

formulation testing

• Enabling formulation engineering for 

optimised deposition 
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Questions

Thank you for your attention

dan@microsolscience.com

microsolscience.com


