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 A generalized pyrolysis model (Gpyro) is applied to simulate the oxidative pyrolysis 

of white pine slabs irradiated under nonflaming conditions. Conservation equations for 

gaseous and solid mass, energy, species, and gaseous momentum (Darcy’s law 

approximation) inside the decomposing solid are solved to calculate profiles of 

temperature, mass fractions, and pressure inside the decomposing wood. The condensed 

phase consists of four species, and the gas that fills the voids inside the decomposing 

solid consists of seven species. Four heterogeneous (gas/solid) reactions and two 

homogeneous (gas/gas) reactions are included. Diffusion of oxygen from the ambient into 

the decomposing solid and its effect on local reactions occurring therein is explicitly 

modeled. A genetic algorithm is used to extract the required material properties from 

experimental data at 25 kW/m2 and 40 kW/m2 irradiance and ambient oxygen 

concentrations of 0%, 10.5% and 21% by volume. Optimized model calculations for 

mass loss rate, surface temperature, and in-depth temperatures reproduce well the 

experimental data, including the experimentally observed increase in temperature and 

mass loss rate with increasing oxygen concentration.  
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properties, reaction coefficients, etc.) must be determined. Genetic algorithm 

optimization [18, 19] is used to estimate the required input parameters from available 

experimental data. Temperature-dependent specific heat capacity and thermal 

conductivity estimated by genetic algorithm optimization are compared to literature data 

(generic wood properties [13] and properties from an earlier pyrolysis modeling study of 

white pine [22]). It was found that the specific heat capacity for wet wood, dry wood, and 

char falls between literature values for generic wood and specific data for white pine.  

However, the optimized values of thermal conductivity for wet wood and dry wood are 

slightly higher than analogous literature data. The thermal conductivity of char is close to 

one literature value, but it is considerably lower than another literature value. Although 

no firm conclusions can be drawn, the authors believe that the optimized model input 

parameters located by the genetic algorithm can be treated as material properties, 

meaning that they should be independent of environmental conditions (applied heat flux, 

oxygen concentration, etc.). 
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Figure 1. Experimentally observed [12] effect of oxygen concentration on the surface 

temperature and mass loss rate of white pine irradiated at 40 kW/m2.  
a) Mass loss rate; b) Temperature. 
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Figure 2. Comparison of model calculations using optimized input parameters and 
experimental data for pyrolysis of white pine at 40 kW/m2 irradiance in nitrogen. 

(a) Temperature; (b) Mass loss rate. 
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Figure 3. Comparison of modeled mass loss rate and experimental data for pyrolysis 
of white pine at 25 kW/m2 irradiance in nitrogen. 
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Figure 4. Comparison of experimentally measured [12] and modeled temperatures 

at several depths below the surface of white pine irradiated at 40 kW/m2 in oxidative 
atmospheres.  

a) 10.5% O2 atmosphere; b) 21% O2 atmosphere. 
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Figure 5. Comparison of experimentally measured [12] and modeled mass loss rate 

of white pine at 40 kW/m2 irradiance in oxidative atmospheres.  
a) 10.5% O2 atmosphere; b) 21% O2 atmosphere. 
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Figure 6. Comparison of experimentally measured [12] and modeled temperatures 
at several depths below the surface of white pine irradiated at 25 kW/m2 in 10.5% 

O2 atmosphere. 
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Figure 7. Comparison of experimentally measured [12] and modeled mass loss rate 
of white pine at 25 kW/m2 irradiance in oxidative atmospheres. 

a) 10.5% O2 atmosphere; b) 21% O2 atmosphere. 
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Figure 8. Comparison of temperature-dependent specific heat capacity determined 

by genetic algorithm optimization with literature data. 
a) Virgin wood; b) Char. 
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Figure 9. Comparison of temperature-dependent thermal conductivity determined 
by genetic algorithm optimization with literature data. 

a) Virgin wood; b) Char. 
 



  

  Figure 10 

 

 

0

100

200

300

400

500

600

700

0 100 200 300 400 500 600

Time (s)

Su
rf

ac
e 

te
m

pe
ra

tu
re

 (°
C

)

neither

both

homogeneous only
heterogeneous only

 
(a) 

 

0

3

6

9

12

0 100 200 300 400 500 600

Time (s)

M
as

s l
os

s r
at

e 
(g

/m
2 -s

)

neither

both

homogeneous only

heterogeneous only

 
(b) 

 
Figure 10. Calculated effect of heterogeneous and homogeneous reactions on 
oxidative pyrolysis of white pine at 40 kW/m2 irradiance and 21% O2. Text in 

figures indicates reactions included in simulations.  
a) Surface temperature; b) Mass loss rate. 
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Figure 11. Calculated effect of blowing on white pine oxidative pyrolysis at 40 
kW/m2 irradiance and 21% O2.  

a) Surface temperature; b) Mass loss rate. 
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Table 1. Condensed phase parameters for white pine simulations.  
 

i Name k0 
(W/m-K) 

nk 
(-) 

ρ0 
(kg/m3) 

nρ  
(-) 

c0  
(J/kg-K)

nc 
(-) 

ε 
(-) 

κ 
(m-1) 

γ 
(m) 

K 
(m2) 

ρs0 
(kg/m3) 

1 wet wood 0.186 0.185 380 0 1764 0.406 0.757 ∞ 0 1×10-10 390 
2 dry wood 0.176 0.594 360 0 1664 0.660 0.759 ∞ 0 1×10-10 390 
3 char 0.065 0.435 73.0 0 1219 0.283 0.957 ∞ 3.3×10-3 1×10-10 390 
4 ash 0.058 0.353 5.7 0 1244 0.315 0.955 ∞ 6.4×10-3 1×10-10 390 
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Table 2. Reaction parameters for white pine simulations.  
 

k From To χ 
(-) 

ΔHsol
(J/kg) 

ΔHvol 
(J/kg) 

Z 
(s-1) 

E 
(kJ/mol) 

n 
(-) 

nO2 
(-) 

1 wet wood dry wood 1 0 2.41 × 106 4.29 × 103 43.8 0.99 0 
2 dry wood char 1 0 5.33 × 105 3.29 × 109 135.0 4.78 0 
3 dry wood char 1 0 –9.94 × 105 6.00 × 109 124.2 4.99 1.16 
4 char ash 1 0  –3.77 × 107 9.79 × 1013 192.4 1.86 1.04 
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Table 3. Gaseous yields for white pine simulations.  
Only nonzero yields are shown. 

 
                                 k 
 j 1 2 3 4 

1 (thermal pyrolysate)  1   
2 (nitrogen)     
3 (water vapor) 1    
4 (oxygen)   -0.1 -2.0 
5 (oxidative pyrolysate)   1.1  
6 (char oxidation products    3.0 
7 (pyrolysate oxidation products)     
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Table 4. Homogeneous gaseous reaction parameters for white pine simulations. 
 
k Reactant 1 Reactant 2 p 

(-) 
q 

(-) 
b 

(-) 
Z 
 

E 
(kJ/mol) 

ΔH 
(MJ/kg) 

1 thermal pyrolysate oxygen 1.0 1.0 0.0 2.01 × 109 162.7 -1.88 × 107 
2 oxidative pyrolysate oxygen 1.0 1.0 0.0 2.09 × 109 161.3 -1.73 × 107 
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Table 5. Homogeneous gaseous yields for white pine simulations. Only nonzero 
yields are shown. 

 
                                 k 
 j 1 2 

1 (thermal pyrolysate) -1.0  
2 (nitrogen)    
3 (water vapor)   
4 (oxygen) -1.6 -1.5 
5 (oxidative pyrolysate)  -1.0 
6 (char oxidation products)   
7 (pyrolysate oxidation products) 2.6 2.5 

 

 


