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Research Objectives

Develop a computational tool that is capable of predicting fuel and heat 

generation by polymeric materials subjected to fire conditions.

Identify parameters that are necessary for an accurate description of the 

materials behavior.

Classify materials in terms of their parametric descriptions and create a 

database of these descriptions.

Establish quantitative relations between materials fire properties and 

molecular structure.



Model Geometries
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Material Is Represented by a Mixture of Components 

Components are characterized by: mass density

heat capacity

thermal conductivity

gas transfer coefficient

radiation absorption coefficient

surface emissivity

The properties depend on temperature:

Components are classified as: solid

liquid

gaseous
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Components May Undergo Reactions

θB COMP B +  θC COMP C → θD COMP D +  θF COMP F +  heat
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Reactions are used to simulate temperature transitions:



Volumetric Expansion
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Heat Transfer
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Gas Transfer

The rate of transfer of gas g,
x

V
/ρm

SρJ

gg

gg ∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

−= λ

According to Boyle’s law,
( )

xx
g

def
g

gg

gg
P

P

SρV
/ρm

SρJ
∂

∂
−=

∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

−=
αλα

α

λ

)(

volume fraction of material
occupied by gases

α = constγ = 0 :
x
g

def
g

g
P

P

Sρ
J

∂
∂

−=
αλ

g
as

 f
lo

w

γ > 0 : P = const
x
g

defgg P
P

SρJ
∂
∂

−=
α

λ

=

γ
1



Conservation Equations Are Formulated using Finite Elements
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Boundary Conditions for 1-Dimensional Model
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Concluding Remarks

A versatile framework for the numerical simulation of the pyrolysis and 

combustion of polymeric materials has been formulated.

ANSI/ISO C++ implementation of the 1-dimensional model has been 

completed. The program, called ThermoKin, is currently being tested.
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