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Table S1: Model input.

Parameter Symbol  Value Unit Ref.
Inlet gas mass flow Titin 586 kg/h -
Particle mass flow - 3.6 g/h [5]
Inlet particle geometric mean diameter - 38 nm -
Inlet particle standard deviation - 1.48 - -
Inlet Oxygen mole fraction [Os2]in 10 Y% [8]
DPF length - 304.8 mm [5]
DPF diameter - 304.8 mm [5]
DPF cell density - 200 cpsi [5]
DPF wall thickness Loy 0.381 mm -
DPF wall permeability K 1.22x10°°  m? -
DPF wall porosity € 50 % -
DPF wall pore diameter (320°C) pore ret 13.1 um -
Soot packing density in wall - 16 kg/m? -
Percolation constant W 0.87 - -
Soot cake porosity - 0.94 - -
Soot cake primary particle diameter - 15 nm -
DPF heat capacity Cppr 15942 J/K [25]
DPF thermal conductivity A 90 W/mK [19]
DPF channel heat transfer coefficient hcony 129.3 W/m?K [26]
Axial discretisation - 10 - -
Wall discretisation - 5 - -
Regeneration rate pre-exponential factor - 1.5 x 10* m/molKs -
Regeneration activation energy - 150 kJ/mol [18]
Regeneration stoichiometric parameter a 0.83 - -
Pore expansion gradient B 3.7x1078 m/K -
Pore expansion reference temperature Tret 320 °C [5]
Initial cake mass M0 0.0679 kg -
Soot cake filtration parameter 1 wi 150.0 - -
Soot cake filtration parameter 2 wy 0.546 - -
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Figure S1: The filtration efficiency of the cake should exhibit a hysteretic behaviour during a load-regeneration cycle. The cake is no longer uniform
during regeneration. Holes in the cake lead to decreased filtration efficiency despite significant cake mass remaining on the substrate of the wall.
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Figure S2: Experimental setup used by [5]. “T/P” indicates temperature and pressure measurements.



Clean DPF calibration

G Pressure drop Thermal load < SiC density
as > —_— -
- FIT FIT
row rete” DPF thick DPF heat it < SIC specific
_ ickness eat capacity | heat capacity
DPF length —p> DPF permeability —> (DPF wall porosity)
SiC thermal
_DPF > TO MATCH TO MATCH < Cc'mductivity
diameter DPF outlet
DPF »| Clean DPF pressure drop temperature profile | DPF channel
cell density after regeneration <1 heat trapsfer
coefficient
\
Particle loading calibration
Initial filtration Filtration profile
FIT FIT
Inlet particle geometric Soot packing density
Particle _ mean diameter .
flow rate i Inlet particle Percolation constant

standard deviation . Soot cake porosity
DPF gglzlg%r,e6c(i)|g£2eter Soot cake primary

Mono-modal particle diameter
log-normal —p> TO MATCH TO MATCH
distribution )
Initial filtration Pressure drop profile
efficiencies Filtration efficiency
@320, 600°C (PM & PN) profiles (PM & PN)
Y
DPF regeneration calibration
Regeneration Regeneration
thermal behaviour filtration behaviour
Regeneration FIT FIT
activation > R ; ) Pore expansion gradient
energy egeneration rate ] ]
pre-exponential factor [ >  Soot cake filtration
parameters (2)
Stoichio- TO MATCH TO MATCH
metric >
parameter* Maximum DPF Filtration efficiency
outlet temperature profiles (PM & PN)

* calculated based on
experimental results
reported by Rothe et al. (2015)

Figure S3: Block diagram for the calibration procedures. Once calibrated, the values of calibrated parameters are fixed for all subsequent parts of
the calibration procedure. 3



Clean DPF calibration

Pressure drop

The length, diameter and cell density of the DPF are reported by Rothe et al. [5]. The gas flow-rate can be calculated
from CO concentration, specific CO emission, engine speed and torque reported by Rothe et al. [5].

The thickness and the permeability of the wall of DPF is calibrated to match the pressure drop due to the clean DPF
reported by Rothe et al. [5]. Since this problem is under-specified (calibrating two input variables to match one output
variable), the resulting thickness and permeability are not unique. Their values are chosen such that they lie in typical
ranges based on literature review [27] [28].

Thermal load

The thermal conductivity [19], specific heat capacity and density [25] of SiC are obtained from literature. The
convective heat transfer coefficient between channel flow and the porous wall is calculated using the gas flow rate and
correlation from Ramanathan et al. [26].

The overall heat capacity of the DPF is calibrated to match the DPF outlet temperature profile after regeneratiion
has completed (where the DPF is clean). The porosity of the wall of the DPF can then be calculated from the calibrated
overall heat capacity using the specific heat capacity and the density of SiC.

Particle loading calibration (Fig. 3 )

Initial filtration

The particle flow rate is reported by Rothe et al. [5]. The inlet particle size distribution is assumed to be mono-modal
log-normal, characterised by the geometric mean diameter and the standard deviation.

The filtration efficiency of the clean DPF is governed by the thickness, porosity and pore diameter of the porous
wall, where the first two parameters have been calibrated. It is assumed in this study that the pore diameter would
increase with temeprature due to expansion. Therefore it would take different values at 320°C, the temperature during
particle loading, and 600°C, the temperature at the end of regeneration.

The geometric mean diameter and the standard deviation of the inlet particle size distribution, along with the pore
diameter of the porous wall at two temperatures, are calibrated to match experimentally measured mass- and number-
based filtration efficiency at the beginning of particle loading experiment and the end of active regeneration (where
the DPF is clean).

Filtration profile

The soot packing density, percolation constant, soot cake porosity and soot cake primary particle diameter are cali-
brated to match the measured pressure drop profile and filtration efficiencies profiles (mass- and number-based) during
the particle loading experiment. All four parameters affect the rate of pressure drop increase during transition between
deep bed filtration and cake formation stage; the pressure drop profile during cake formation stage is controlled by
soot cake porosity and soot cake primary particle diameter.

DPF regeneration calibration

Regeneration thermal behaviour (Fig. 4 )

The activation energy of regeneration reaction is obtained from literature [18]. The stoichiometric parameter of
the oxidation reaction is calculated from the ratio of CO and CO, produced from particles during TGA experiment
performed by Rothe et al. [5].

The pre-exponential factor of regeneration reaction is calibrated to match the DPF outlet temperature profile during
regeneration. In particular, it is noted that the pre-exponential factor has critical influence on the value and the timing
of maximum DPF outlet temperature.

Regeneration filtration behaviour (Fig. 5)

The pore expansion gradient and the two soot cake filtration parameters are calibrated to match the mass- and
number-based filtration efficiencies of the DPF during active regeneration.
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Figure S4: Comparison between experimentally measured and simulated pressure drop of the system during regeneration.
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Figure S5: Simulated DPF wall temperature during regeneration.
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