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ABSTRACT

To investigate the influence of the char layer formed during the combustion process on the pyrolysis of wood
combustibles, ISO 5660-1 cone calorimetry experiments and Fire dynamics simulator (FDS) simulations were performed,
and the results from these two methods were compared. The wood combustible selected as the fuel for this study, Douglas
fir, has been widely used for the production of building materials, furniture, etc. The heat release rate (HRR) measured from
the cone calorimetry experiment was in good agreement with the result predicted by the FDS simulation. However, the FDS
simulation failed to predict the heat released by the smoldering combustion process, due to the absence of the char surface
reaction in the model. The FDS simulation results clearly indicate that the char layer formed on the surface of combustibles
produces a thermal barrier which prevents heat transfer to the interior, thickening the thermal depth and thus reducing the
pyrolysis rate of combustibles.
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Figure 1. ISO 5660-1 Cone calorimeter experiment.
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Figure 2. Computational domain and mesh generated for the ISO 5660-1 cone calorimeter experiment.

Table 1. Summary of Thermal and Decomposition Properties of Douglas-fir & Char®'?

Parameter Units Typical Value

Douglas-fir Thermal Properties :

Density, p kg/m? 474.78
Temperature Value
~20 C 0.09726
Thermal Conductivity, k W/ (m-C) 20~35 C 0.1005
35~50 C 0.1039
50 C~ 0.109
Temperature Value
~25T 1.501
Specific Heat, c, kJ/ (kg-C) 50 C 1.693
75 C 1.866
100 C ~ 2.029
Douglas-fir Decomposition Properties :
Activation Energy, £ kJ/kmol 1.85x10°
Pre-exponential, A 1/s 1.89x10"
Heat of Reaction kJ/kg 1.64x10*
Char Thermal Properties :
Density, p kg/m? 140.0
Thermal Conductivity, W/ (m-C) 0.09
Specific Heat, c, kJ/ (kg-C) 1.1
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Figure 3. Calculated and measured heat flux distributions on the
surface of Douglas-fir sample.
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Figure 4. Thermal thickness evaluation for Douglas-fir samples
used in the present study.
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Figure 5. HRR Comparisons between cone calorimeter experiment
and FDS simulation.
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Figure 7. Effect of char ratio on the pyrolysis rate.
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