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Computational Aerosol Transport



Overview

ÅProblem statement for aerosol transport

ÅObjectives

ÅThe aerosol transport equation

ÅSimulation of coagulation and deposition: 

the SAEROSAcode

ÅSimulation of dynamic aerosol transport in 

confined space: the CAEROTcode

ÅValidation of the codes



Problem Statement for Aerosol 

Transport in Confined Spaces

ÅAerosol spectrum changes en route

ïEspecially near-field

ÅSignificant aerosol physics far field

ïPhoretic effects, condensation, evaporation, 
gravitational settling, deposition, etc.

ÅIntricate thermal-hydraulics

ÅLow air velocities but high gradients

ÅNo current computational model considers all



Current Aerosol Models

ÅConfined spaces

ïCONTAM / COMIS: simple mass balance with well-

mixed hypothesis, no aerosol dynamics.

ïMAEROS: coagulation with geometric constraint, 

homogeneous turbulence, no transport.

ÅOutdoors

ïHPAC: size specific deposition and removal but no 

dynamics. Deposition via dep. velocities.

ÅDummy particles in all computational models except 

for MAEROS



Objective

ÅDevelop a comprehensive computational tool to 
predict the aerosol phase space n(v,r ,t) using full 
physics

ïBased on first principles ïBoltzmann Eq.

ïCoagulation treatment using sectional approach

ïDeposition handled via boundary layer theory

ïConvective and diffusive transport

ïThermophoresis, electrophoresis

ïCondensation and evaporation

ïConfined or open atmospheres w/ obstructions

ïTime dependent source term, including d(v-vo, t-to)



Why d-function 

is important?

Bio-aerosols and

Microbes

ÅAnthrax: 1.0 m

ÅCorona virus: 0.1 m

ÅNarrow distribution

Courtesy of WJ Kowalski and W Bahnfleth, Penn State U.



Aerosol characterization

ÅDifferential property:

ïVolume concentration [(mm)³/cc]

ïMass concentration     [mg/cc]

ïNumber concentration [particles/cc]

ÅIntegral property:

ÅNumber concentration is not conserved

ÅUsually log-normal size distribution
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Aerosol Transport Equation
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q = differential aerosol property (e.g., volume concentration)

U = velocity of aerosol

D = diffusion coefficient

I  = rate of growth due to condensation and evaporation

S  = independent source term

Coagulation



Method of Solution

ÅTreat coagulation using the sectional method; 
Coagulation appears as source.

ÅSolve coagulation under uniform mixing first.

ïSAEROSA code, with arbitrary sectionalization.

ÅReduce compartment size.

ÅAdd convective transfer, sweep the domain

ÅAdd phoretic effects, deposition, etc.

ÅAssumption: No slip in the convective term

ÅNeglected in this version: 

ïCondensation & evaporation

ïDiffusion far away from boundaries when convective 
velocity is large



Coagulation

ÅBinary collision or many-body problem?

ÅNon-linear Integro-differential equation
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K(u,v) = coagulation kernel. Represents the physical 

process of collision between two particles. Typical 

processes leading to coagulation are e.g., Brownian 

motion, gravitational settling, and turbulence. 

Source term in the Transport Equation



Some Coagulation Kernels:
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Brownian coagulation

Gravitational coagulation

k = Boltzmannôs constant

T = temperature of surrounding fluid

ɛ = fluid dynamic viscosity

u and v are volumes of particles

ɟ = density of particle

g = gravitational acceleration

Cv and Cu are Cunningham coefficients 

for slip correction



Kernels in transition flow regimes:

ÅRapidly becoming intractable

ÅCombined Brownian and Gravitational kernel:
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Discrete Coagulation Equation

ÅIntegral quantity of aerosol property in 

section l

ÅDiscrete coagulation equation

 

Ql = q(v,t)dv
vl-1
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Sectional coagulation coefficients

Symbol Condition Sectional coefficient
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Simulation of coagulation and 

deposition
ÅCoagulation: sectional representation

ïLogarithmic groups (geometric constraint)

ïAdvantage:

ÅFlux into group l is possible only from group l-1.  This reduces the 
computational cost of bi,j,l

ïDisadvantage:

ÅIt is not possible to resolve narrow distributions predominant for 
bio and some industrial aerosols

ïSAEROSA: Arbitrary sectionalization
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Fit of a Narrow Distribution IC
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Model Comparison 
Name SAEROSA MAEROS

Capability Coagulation YES YES

Deposition YES YES

Condensation NO YES

Species Single Multi -species

Group structure Sectional Method Arbitrary Geometric 

Constraint

Maximum Groups Unlimited 20 groups

Kernel treatment True kernels Sum kernels

Numerical scheme R-K, 5-6th

Adaptive Dt

R-K, 4-5th

Computational time (for 24hr simulation with 

20 groups)

~1min ~1min



Coagulation Benchmark 1

Simulation of atmospheric aerosol coagulation over 24 hrs 
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Median diameters [um]

1). 0.038 

2). 032    

3). 5.7     

Standard Deviation

1). 1.8

2). 2.16

3). 2.21

Total volume [um3/cc]

1). 0.63

2). 38.4

3).30.8

SAEROSA vs MAEROS, coagulation alone



Time Evolution

Coagulation



Coagulation Benchmark 2

coagulation+deposition of atmospheric aerosol
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Time Evolution
Coagulation + Deposition, no transport


