Computational Aerosol Transport

3-D Aerosol Transport And Deposition In
Confined Atmospheres

E Sajd, H Park

“Louisiana State University
AGeorgia Institute of Technology

Funding was provided in part by the US Department of Energy Health Physics Faculty Researc
Award Program Administered by Oak Ridge Associated Universities under Management and
Operating Contract DAC05-760R0003.



Overview

A Problem statement for aerosol transport
A Objectives
A The aerosol transport equation

A Simulation of coagulation and deposition:
the SAEROSAcode

A Simulation of dynamic aerosol transport in
confined space: the code

A Validation of the codes



Problem Statement for Aerosol
Transport in Confined Spaces

A Aerosol spectrum changes route
I Especially neafield
A Significant aerosol physics far field

I Phoretic effects, condensation, evaporation,
gravitational settling, deposition, etc.

A Intricate thermahydraulics
A Low air velocities but high gradients
A No current computational model considers al



Current Aerosol Models

A Confined spaces

I CONTAM / COMIS: simple mass balance with well
mixed hypothesis, no aerosol dynamics.

I MAEROS: coagulation with geometric constraint,
homogeneous turbulena® transport

A Outdoors

I HPAC: size specific deposition and removal but no
dynamics. Deposition via dep. velocities.

A Dummy particles in all computational models excep
for MAEROS



ODbjective

Develop a comprehensive computational tool to
oredict the aerosol phase spacemi(yusing full
ohysics

I Based on first principleis Boltzmann Eq.

i Coagulation treatment using sectional approach

i Deposition handled via boundary layer theory

I Convective and diffusive transport
|
|
|
|

I Thermophoresis, electrophoresis

' Condensation and evaporation

"~ Confined or open atmospheres w/ obstructions
I Time dependent source term, includa{g-Vvo,t-to)



Why d- function
IS Important?
Bio-aerosols an (el (/- St
Microbes

A Anthrax: 1.0m
A Corona virus: 0.1
A Narrow distribution

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



Aerosol characterization

ADTETEETNSIGOT Al (v, t) = a vIn(v, t)

I Volume concentration fim)3/cc]
I Mass concentration n§/cc]
I Number concentration [particles/cc]

A Integral property: Q(t) = qu(v, t)dv

A Number concentration is not conserved
A Usually lognormal size distribution



Aerosol Transport Equation
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q = differential aerosol property (e.g., volume concentration)

U = velocity of aerosol
D = diffusion coefficient

| =rate of growth due to condensation and evaporation

S = independent source term



Method of Solution

A Treat coagulation using the sectional method;
Coagulation appears as source.

A Solve coagulation under uniform mixing first.
I SAEROSA codewith arbitrary sectionalization

A Reduce compartment size.

A Adc

A Ado

convective transfesweep the domain
phoretic effects, deposition, etc.

A Assumption: No slip in the convective term

A Neglected in this version:
I Condensation & evaporation

I Diffusion far away from boundaries when convective
velocity Is large



Coagulation

A Binary collision or mambody problem?
A Non-linear Integredifferential equation

o]

E (V,t)g :%\ﬁjuK(u’v- u)n(u,t)n(v- u,t) - n(v,t) ppuk(u,v)n(u,t)
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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



Some Coagulation Kernels:

Brownian coagulation

rgg3 61/3
— 0 (V2/3 i u2’3)‘v2’3CV ) uz/:«;Cu
om¢4p-

k = Boltzmannds con
T = temperature of surrounding fluid
e = fluid dynamic v

u and v are volumes of particles

}J] = density of part
g = gravitational acceleration

C, and C, are Cunningham coefficients
for slip correction



Kernels in transition flow regimes

A Rapidly becoming intractable
A Combined Brownian and Gravitational kerne

_ KeglUV) .40 45049
Kg(uv) + Kg(uv) b(b+4) .29

b’ u%u2 : vz‘, bi (0> 1)



Discrete Coagulation Equation

A Integral quantity of aerosol property in
sectionl
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Sectional coagulation coefficients

Symbol | Condition | Sectional coefficient
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Simulation of coagulation and
deposition

A Coagulation: sectional representation
I Logarithmic groups (geometric constraint)

Vi 2 2V,

I Advantage:

A Flux into grou is possible only from groulpl. This reduces the
computational cost dj,

I Disadvantage:

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

I SAEROSA: Arbitrary sectionalization

1j’|



Fit of a Narrow Distribution IC
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Model Comparison

Name
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, 5-6 R-K, 4-5h
AdaptiveDt
Computational time | (for 24hr simulation with | ~1min ~1min
20 groups)




Coagulation Benchmark 1

SAEROSA vs MAEROS, coagulation alone

Simulation of atmospheric aerosol coagulation over 24 hrs
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Time Evolution

Coagulation




Coagulation Benchmark 2

SAEROSA vs MAEROS, coagulation + deposition
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Time Evolution

Coagulation + Deposition, no transport



