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Formation of soot
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Climate impact of soot

a

aIPCC. Climate Change 2021: The Physical Science
Basis. 2021. Chap. 6.4: SLCF Radiative Forcing and
Climate E�ects

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
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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

f = ma = m
d2x

dt2

� = I� = I
d2�

dt2
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Problem statement

x1,�1

x2,�2

x3,�3

x4,�4

System of interacting particles

x =

26664
x11 x12 x13
x21 x22 x23
...

...
...

xN1 xN2 xN3

37775
| {z }

positions

� =

26664
θ11 θ12 θ13
θ21 θ22 θ23
...

...
...

θN1 θN2 θN3

37775
| {z }

orientations

Find x(t) and �(t)
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Rotational degrees of freedom

Yaw Axis
Roll Axis

Pitch Axis
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Discrete element method

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

ai =
1

m

24Fi ;u +
NX

j=1

Fij ;b

35
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Discrete element method

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

ai =
1

m

2666664 Fi ;u|{z}
field force

+
NX

j=1

Fij ;b| {z }
binary force

3777775
Field force: gravity, electric field, viscous drag, etc.
Binary force: friction, elasticity, van der Waals attraction, etc.

Demidov, E. (NJIT) DEM model for soot restructuring June 6, 2024 9 / 18



Discrete element method

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

ai =
1

m

24Fi ;u +
NX

j=1

Fij ;b

35
Also, inter-particle friction can result in rotation:

�i =
1

I

NX
j=1

�ij

Remark

A multi-body problem is approximated as a system of two-body problems
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Types of contacts in a soot aggregate

Bonded contact under 
tension

Non-bonded contact 
under tension
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Degrees of freedom in a pair

Normal degrees of freedom Tangential degrees of freedom

Normal (elasticity) 
spring

Torsion resistance 
spring 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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