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Soot impact on global warming

Radiative forcing, AF [1]:

Light absorbed by earth -
// reflected to space

2.29 W/m?

25 % of total AF
0.71 W/m?

Net anthropogenic
forcing

[1] Bond, T. C.; Doherty, S. J.; Fahey, D., et al. J Geophys Res 2013, 118, 5380-5552.
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Soot Dynamics by Discrete Element Modeling (DEM)

) Initial configuration after inception

has largely ended. T=1830K

dmo =2 NM
NtOt,O = 451016 m-s

[1,2]
i)  Discrete Element Modeling (DEM) "?
of Particle Motion and Coagulation [3] : % t

lil) Surface Growth (SG) by HACA mechanism [4-6]:

o
H 2 “. ° Tyaca [4] ‘ .g °
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o © o° © Mass Balance
® for each C,H, reaction:

[1] Abid AD, Heinz N, Tolmachoff ED, Phares DJ, Campbell CS, Wang H. (2008) Combust. Flame 154, 775. 3 d 3
[2] Camacho J, Liu C, Gu C, Lin H, Huang Z, Tang Q, You X, Saggese C, Li Y, Jung H, Deng L, Wlokas I, Wang H. (2015) p new P, old m
Combust. Flame 162, 3810. —pP P +
; . . SOOt soot
[3] Goudeli E, Eggersdorfer ML, Pratsinis SE. (2015) Langmuir 31,1320. 6 6
[4] Appel J, Bockhorn H, Frenklach M. (2000) Combust. Flame 121, 122.
[5] Saggese C, Ferrario S, Camacho J, Cuoci A, Frassoldati A, Ranzi E, Wang H, Faravelli T. Wang H. (2015) Combust. Flame 162, 3356. 2

[6] Kelesidis GA, Goudeli E, Pratsinis SE. (2017) Proc. Combust. Inst. 36, 29.



Soot Size Distribution, HAB =1.2cm

Experiments: DEM, this work:
10 4 —A— Microscopy [1] === Coalescence with SG, d,,, = 11.6 nm
1 —O0— sMPs 2] = Agglomeration, d,, = 56.6 Nm

= Agglomeration with SG, d,,, = 15.4 nm

25%
1 | smallerdy,

dN /dlog(d,,) /' Ny
O

4 times

\ larger d,,

0.01 — —
1 10 100
Mobility Diameter, d,,,, nm

[1] Schenk M, Lieb S, Vieker H, Beyer A, Golzhauser A,Wang H, Kohse-Hoinghaus K. (2013) PhysChemPhys 14, 3
[2] Camacho J, Liu C, Gu C, Lin H, Huang Z, Tang Q, You X, Saggese C, Li Y, Jung H, Deng L, Wlokas I, Wang H. (2015) Combust. Flame 162, 3810.
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Discrete Dipole Approximation (DDA)

Input:

« Structure of DEM-
derived agglomerate

« Refractive index, RI \; a7
NEEELLs

= MAC = S
— 2d,p

Used to calculate
radiative forcing!

{ -»‘%-»%

Averaging of MAC: . v' Good statistics.
« over 100 agglomerates per time step. : .
v' Computational efficiency.

 over 343 orientations.



From nascent to mature soot MAC
Residence time, t, ms
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[1] S. Bejaoui, R. Lemaire, P. Desgroux, E. Therssen, Appl. Phys. B 116 (2014) 313-323.



From nascent to mature soot MAC
Residence time, t, ms
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[1] S. Bejaoui, R. Lm e, P. Desgroux, E. Therssen, Appl. Phy B 116 (2014) 313-323.
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Evolution of soot composition
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[1] A.V. Singh, C. Liu, K. Wan, H. Wang, 10th U.S. National Combustion Meeting: Environmental Aspects of Combustion (2017) 1-6.
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Evolution of soot composition
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Evolution of soot composition
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[1] Minutolo, P.; Gambi, G.; D'Alessio, A. Proc. Combust. Inst. 1996, 26, 951-957
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Evolution of refractive index, RI

5 _ Linear interpolation

between nascent [1] and mature RI [2] i
as function of E:
RI = (1.77 - 0.43E, ) - ¥
Y
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[1] F. Moulin, M. Devel, S. Picaud, J. Quant. Spectrosc. Radiat. Transf. 109 (2008) 1791-1801.
[2] Yon, J.; Bescond, A.; Liu, F. J Quant Spectrosc Radiat Transfer 2015, 162, 197-206.



Evolution of refractive index, RI

9 Linear interpolation
between nascent [1] and mature RI [2]:

Rl = (1.77 - 0.43E, ) — (107 ~1.23E, ) -1

Real part of RI

1.61@ Real}

A =532 nm
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[2] Yon, J.; Bescond, A.; Liu, F. J Quant Spectrosc Radiat Transfer 2015, 162, 197-206.




From nascent to mature soot MAC
Residence time, t, ms
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[1] S. Bejaoui, R. Lemaire, P. Desgroux, E. Therssen, Appl. Phys. B 116 (2014) 313-323.
[2] J. Yon, A. B d, F. Liu, J. Quant. Spectrosc. Radiat. Transf. 162 (2015) 197-206.



From nascent to mature soot MAC
Residence time, t, ms
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Narrowing soot global warming estimations

1.9

AE,.. =1.32 W/m2

—

O
o

Global climate models, cloudy conditions:®
AF,, i, = 0.44 W/m?

Direct radiative forcing, AF, W/m?

o

200 700
Wavelength, 4, nm

[1] Bond, T. C.; Doherty, S. J.; Fahey, D., et al. J Geophys Res 2013, 118, 5380-5552.
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Narrowing soot global warmin
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Soot contribution to global warming [6]
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Conclusions

Median mobility diameter, d,,,, nm

« Soot E; decreases exponentially with d,,
during flame synthesis.
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