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Definitions of Key Terms used in this Presentation

Thermal decomposition—  chemical reactions that occur in a combustible solid at elevated temperature

Pyrolysis — thermal decomposition coupled with heat and mass transport inside and at the

surface of the heated solid

Ignition — refers to a piloted ignition of a flame at the surface of the heated solid



Outline

The role of pyrolysis in fire growth

Analytical pyrolysis model formulation and parameterization
Processes contributing to solid fuel pyrolysis and combustion
Key parameters that define piloted ignition of solids
Formulation of a comprehensive pyrolysis model
Parameterization of comprehensive pyrolysis models

Assessment of comprehensive pyrolysis model limitations



Fire Growth on a Solid Combustible Surface
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Analytical Model of Ignition and Burning

Cone Calorimeter
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Analytical Model of Ignition and Burning

Cone Calorimeter
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Processes Contributing to Solid Pyrolysis and Combustion

To simply interpretation of key processes, the mechanism is
considered within one-dimensional framework (only one
spatial coordinate)

Diffusion flame (gas phase)

Radiative and/or convective heat flux

Flame consumes all oxygen
(no oxygen at the surface)
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Morphological changes may include
- formation of residue layer (char)
- bubbles and fissures

heat transfer) - melt flow

decomposition gaseous fuel (vaporization is assumed to

be a part of decomposition
Gaseous fuel transport P P )

(and associated heat flow)



Key Parameters that Define Ignition
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Formulation of a Comprehensive Pyrolysis Model: ThermaKin in 1D
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- An assumption is made about the thermal decomposition mechanism

Global Approach to Comprehensive Pyrolysis Model Parameterization

- All pyrolysis properties with the exception of initial density are fitted into fire calorimetry data using a genetic algorithm
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Hierarchical Approach to Comprehensive Pyrolysis Model Parameterization

Thermogravimetric Analysis

Microscale Combustion Calorimetry
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Thermogravimetric Analysis (TGA) for Determination of Kinetics
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More Complex Thermal Decomposition Mechanisms Based on TGA
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Heat Capacities and Heats of Decomposition Reactions from Differential
Scanning Calorimetry (DSC)
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Heats of Combustion from Microscale Combustion Calorimetry (MCC)
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Parameterization of Transport Processes Inside the Solid

Controlled Atmosphere Pyrolysis Apparatus Il (CAPA II)
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Inverse Analysis of Transport Processes for PBT
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Sensitivity of the Rate of Fire Growth to Uncertainties in the Pyrolysis Properties

Simulation setup in ThermaKin Simulation setup in FDS Average heat capacities:
y lTOp 5 = 0.0064 SR tg?fjn S 8000 | Cp — 4.88T-185 (Lincar Fio) Oo‘“o 7‘—Cp:I.59T+268 (Lincar Fit)| —
1 . m B g i 00 3000 po0copo
“ AE— TN e 00 26 polymer solids ~_o° N 13 chars L 5g8BEE° oan”
[l ~——~":f_.~:,.,_v = - o @80 o~ [ g g =} L O o B o O 1
62:0012611'1 [ 1} "ﬁ—' Hi T 4000+ o° 690 7 g 8 o o Ogoo
. +- i i e oo e 08 ogE®f”
—VETE: ""Eﬂ j% it t06m Ten ooo 602880888 -—‘coZOO(JiDDDSEEDDDSDEE |
= T EH i) 808 OOO A g 8EHaaooo B o = BEGOCO
=, 3000 | 0024 5;:: = 1500 - &5 o oo00D |
1 & S HHfgoceEcEEEEEEHEE
2000 5 50" IOOO’SDguuuuunmnnnnnnnuu’
BaCk ff SOO*DDDDDDDDDDDDDDDDDI:Iﬂi
1000 0000000s |
H=244m Yr 300 350 400 450 500 550 600 650 750 800 850 900 950 1000
T (K) T(K)

Uncertainties in decomposition kinetics:

54F ‘ 1
) 8 In(A)
‘ Burner 527 . l D6 (269.5,39.9)
X 501
D5 (269.5,39.4)
Gypsum Sample 4yt
w
Bottom < 46 D4 (269.5, 38.9)
"""" i k= (198.5,29.9) D1
44+ . 1 .
7 0 PLA Different Sources (198.5, 29.4) DZ: ,”
427 Linear Fit (slope=0.178) | | A
6 al o o Eﬁﬂg Average | |(198.5,28.9)p3
HPp- ® [/In(A) Boundary
Similar to NFPA 286 2 ¢ | ‘ ‘ E
i 12m 220 240 260 2%0 300
E (kJmol )

19



Sensitivity of the Rate of Fire Growth to Uncertainties in the Pyrolysis Properties

Simulation setup in ThermaKin

Simulation setup in FDS
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Complications in Material Behavior Observed at Larger Scale

PIR Foam
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Complications in Material Behavior Observed at Larger Scale

Modeling results:
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Concluding Remarks

O Development and application of comprehensive pyrolysis models significantly enhanced our ability to model
fire growth.

O The accuracy of the measurements based on which these models are parameterized requires further
Improvement.

O Current comprehensive pyrolysis models do not account for the global mechanical deformation,
delamination, buckling or melt flow. Inclusion of these mechanical effects is the next major challenge that
must be addressed to achieve a qualitative improvement in our ability to predict fire dynamics.
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