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Formation of soot

& RSR growth mechanism

Air—# . 5
Soot\A" Oxygen specwcs S F.I-ac‘ta\
Woﬁ OH\,&) 2 ' S

AlrJ ‘O / e

/_‘&) & _O Further
gnmﬂl Growing O RSR growth
particle
A Air t

Soot '_;_‘ Soot t
nucleation (0] nuclei
o 0 ‘ Ring closure,

Missing pathways to nucleation? RSR regeneration

®

o o0 N

g\‘g:h 060 ?© % Chain elongation
!
O

Pyrolysis O =~ g A7 2

Cyclopentadieny!
radical (initial RSR)
Fuel Flame zones Radicals to the rescue
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zone to the orange soot zone. fractal clusters of these larger molecules (top).
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Climate impact of soot

Soot (black carbon) is a major contributor
to climate change

4IPCC. Climate Change 2021: The Physical Science
Basis. 2021. Chap. 6.4: SLCF Radiative Forcing and
Climate E ects
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Climate impact of soot

Soot (black carbon) is a major contributor
to climate change

Uncertainty in climate forcing by soot
remains large
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Climate impact of soot

Soot (black carbon) is a major contributor
to climate change

Uncertainty in climate forcing by soot
remains large

Determination of climate forcing by soot
is complicated by:

Complex morphology of soot particles
Transformations that soot particles
undergo in the atmosphere

4IPCC, Climate Change 2021: The Physical Science
Basis

Demidov, E. (NJIT) DEM model for soot restructuring June 6, 2024 3/18



Morphology and composition of soot particles
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Representation of soot in a simulation
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Newton's equations of motion

Friction F; Normal force Fy
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Problem statement

System of interacting particles
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Rotational degrees of freedom

Pitch Axis

Roll Axis

Yaw Axis

Demidov, E. (NJIT) DEM model for soot restructuring June 6, 2024 8/18



Discrete element method

In a system of N particles, acceleration of particle i:
2 3

1 X
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Discrete element method

In a system of N particles, acceleration of particle i:
2 3

1 X
aj = m I:{,Zl} + . Fij:b

field force  {Z7_}
binary force

Field force: gravity, electric field, viscous drag, etc.
Binary force: friction, elasticity, van der Waals attraction, etc.
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Discrete element method

In a system of N particles, acceleration of particle i:

2 3
1 X
= 4Fiu+  Fijp®
i=1
Also, inter-particle friction can result in rotation:
1 N
=7 ij
i=1

A multi-body problem is approximated as a system of two-body problems
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Types of contacts in a soot aggregate
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Non-bonded contact
under tension

Demidov, E. (NJIT) DEM model for soot restructuring

\_

>

/

Bonded contact under

tension

June 6, 2024

10/18



Degrees of freedom in a pair
I u =
Normal (elasticity)
spring

spring
Normal degrees of freedom Tangential degrees of freedom

Tangential (friction)
spring

Rolling resistance
spring
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AFM spectroscopy experiments as a parametrization tool
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Simulation of AFM experiments
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