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Mathematical model

The conservation equations, the boundary conditions and the relations for the physical properties are
listed in Table S1, S2 and S3. The spark is described as a finite-difference cell at the position xi that,
over an assigned period f, is instantaneously brought at the temperature Tspark for a time duration d.
However the spark temperature only intervenes for the computation of the MMA combustion rate
(eqn.49), while the temperature is still computed by means of eqn. 20a.
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- Transport equations - Gaseous phase (0, Lg)
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Table S1. Model equations for the solid and the gas phase with initial and boundary conditions.
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Table S2. Equations for the solid and gas properties.

Schematization of the electric spark
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Piloted ignition model

Table S3. Model equations and schematization of the spark.



Nomenclature

A Pre-exponential factor of MMA combustion reaction [kgK?/m’s] or PMMA decomposition
reaction [s-1]

a Radiation absorption [m™]

¢ Specific heat [J/kgK]

D Molecular diffusivity [m?/s]

d time interval where the spark temperature is equal to Tspark [s]
E Activation energy [kJ/mol]

e Emissivity

f Period of spark activation [s]

I Radiative heat flux (towards the polymer surface) [W/m?]

J Radiative heat flux (from the polymer surface) [W/m?]

k Thermal conductivity [W/mK]

L Length of the solid- or gas-phase domain [mm)]

M Molecular weight [kg/kmol]

m Mass flux [kg/m’s]

N Number of discretization cells

n Reaction order

p Pressure [Pa]

Q External irradiance intensity [kW/m?]

R Universal gas constant [J/kmolK]

r Monomer to oxygen mass fraction ratio at the ignition position
T Temperature [K]

t Time [s]

u Gas velocity [m/s]

V Regression rate [m/s]

w Width of the gas-phase reaction zone (combustion rate higher than 0.5kg/m>s) [mm]
x Spatial coordinate/position [mm]

xi Spark ignitor position [mm]

Y Mass fraction

B Radiation absorption coefficient [m™']

0 Thermal depth [mm]

Ah Reaction enthalpy [J/kg]

p Density [kg/m?]

v Stoichiometric coefficient of the PMMA decomposition steps
vo Stoichiometric coefficient of the MMA combustion reaction
o Stefan-Boltzmann constant [W/m?K*]

o Reaction rate [kg/m’s]

Subscripts

0 Initial or reference

1,2,3,4 Steps of the decomposition process
¢ Combustion

CO2 Carbon dioxide

d Decomposition

g Gas

H20 Water

ig Ignition

max Maximum

MMA Methyl methacrylate (monomer)
N2 Nitrogen



02 Oxygen

P Combustion products
s Solid/surface

spark Spark ignitor
trans Glass transition



