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I have a dream:
The Up-scale Path
from fundamentals to real behaviour
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Why is Pyrolysis of interest?

Onset and evolution of material degradation.
A driver of ignition and flame spread.
Burning with flame, or without flame.

University of Queensland, 2016



“...22nd century to advance knowledge 
in chemistry and physics to the state 

that most required fire knowledge 
could be computed from first 

principles...”
Prof. Howard Emmons, Harvard, 1984

Emmons, History of Further Fire Science, Fire Technology, 1984

 He predicted that turbulence will be solved before pyrolysis.
 Note: Prof. Emmons is the founding father of Fire Science and 

also of Turbulence.
 Given that the historical ratio of  #researchers working on 

pyrolysis per #researchers working on turbulence is 1/500, we 
are making sure he is right.



Pyrolysis: multiphysics problem
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Pyrolysis: the simultaneous chemical decomposition and 
phase change that provide the gaseous fuel feeding the 
flame burning over a solid. Controlled by heat transfer 
and condensed-phase kinetics
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Transport parameters:
W. C. Park, A. Atreya, H. R. Baum, 
Determination of pyrolysis temperature for 
charring materials. Proc. Combust. Inst. 32 II, 
2471–2479 (2009).

Kinetic parameters: 
Y.-C. Lin, J. Cho, G. a. Tompsett, P. R. 
Westmoreland, G. W. Huber, Kinetics and 
Mechanism of Cellulose Pyrolysis. J. Phys. 
Chem. C. 113, 20097–20107 (2009).

Charring rate:
P. B. Cachim, J. M. Franssen, Assessment 
of Eurocode 5 charring rate calculation 
methods. Fire Technol. 46, 169–181 (2010).

Richter and Rein, in 8th European Combustion Meeting (2017).

Chemistry vs. Heat Transfer
𝐷𝐷𝑎𝑎 = 𝜌𝜌𝜌𝜌𝐿𝐿2�̇�𝜔

𝑘𝑘
= Ratio of chemical to physical times

𝐵𝐵𝐵𝐵 = ℎ𝐿𝐿
𝑘𝑘

= Relative thermal thickness



The following material, up to the conclusions,
is extracted from these two journal papers:

Bal and Rein, Fire Safety Journal , 2013
http://dx.doi.org/10.1016/j.firesaf.2013.08.015

Bal and Rein, Fire Safety Journal , 2015
https://doi.org/10.1016/j.firesaf.2015.02.012

http://dx.doi.org/10.1016/j.firesaf.2013.08.015
https://doi.org/10.1016/j.firesaf.2015.02.012


Computational Pyrolysis 
Energy conservation:

Multi-step reaction scheme:

Bal and Rein, Fire Safety Journal , 2013 http://dx.doi.org/10.1016/j.firesaf.2013.08.015

Boundary conditions:

Properties

http://dx.doi.org/10.1016/j.firesaf.2013.08.015


Measurements vs. Predictions

 Clear PMMA
 Non-flaming conditions
 Vertical exposition
 Small scale apparatus

Kashiwagi and Ohlemiller, Proceedings of
the Combustion Institute, 1982

Lautenberger and Fernandez-Pello, Fire
Safety Journal 2009

Bal and Rein, Fire Safety Journal , 2013 http://dx.doi.org/10.1016/j.firesaf.2013.08.015

http://dx.doi.org/10.1016/j.firesaf.2013.08.015


Complexity Growth
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Mechanism sensitivity: methodology
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Mechanism sensitivity: qualitative results

Surface temperature:

 TS not affected up to M4
(M5 ≡ [∆H=0])

 Heat transfer assumptions induce
substantial over-estimations

Mass loss rate:

 MLR affected as soon as the reaction
scheme is changed (M3)

 MLR shape drastically changed for M5 ≡
[∆H=0].



Mechanism sensitivity: quantitative results

Heat transfer Chemistry

This taxonomy does not allow to evaluate influence of heat transfer on MLR



Chemistry

Mechanism sensitivity: new taxonomy

With full chemistry, error on TS increases to 100% with heat transfer assumptions alone.
Accuracy of the predictions related to the crudeness of heat transfer mechanisms

Heat transfer

New Taxonomy β: 
Heat transfer

assomptions made 
prior to Chemitry

assumptions



Balance between model complexity and 
uncertainty

Complexity

Er
ro

r

For low level of complexity, the prediction accuracy is controlled by 
the lack of important mechanisms.



Calibration by inverse modelling: results

 For M1, M2 and M4, different sets of values provide similar prediction of TS and MLR.
→ For different level of complexity, the same accuracy can be obtained
(compensation effects).

 The best fit of M14 and M10 do not manage to predict Ts >370 °C.
→ The calibration cannot always reduce the prediction error.



Calibration by inverse modelling

M1 Most complete model (Lautenberger and Fernandez-Pello, 2009 Fire Saf. J.)
M2 = M1 without momentum conservation
M14 = M2 without detailed heat transfer
M4 = M2 with 1-step reaction scheme
M10 = inert solid without detailed heat transfer





Balance between model complexity and 
uncertainty
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For high level of complexity, the prediction accuracy is controlled by 
the input parameter uncertainty. 



Balance between model complexity and 
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Here be appropriate level of complexity …



Balance between model complexity and 
uncertainty
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which evolves with the size of experimental data set.
Here be appropriate level of complexity …



Concluding Remarks
 Pyrolysis is a function heat transfer and chemical 

kinetics.  But accuracy of the predictions related to the 
crudeness of heat transfer. Keep chemistry as simple 
as heat transfer.

 Balance needed between model complexity and 
modelling uncertainty. 

 This balance depends on the quantity and quality of 
the experimental data available. 

Poor and Scarce data = only simple models are justified

Good and Abundant data = more complex models are justified

 Corollary: we need better understanding of pyrolysis 
so we can provide better predictive tools of fire.



@ImperialHazelab



Experimental Pyrolysis – Spectral sources 

Bal, et al. , International Journal of Heat and Mass Transfer 61, pp. 742–748, 2013. 
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.02.017



Exposed to 20kW/m2 in cone calorimeter Exposed to 20kW/m2 tungsten lamps

Experimental Pyrolysis – PMMA
Unexpected slower ignition when 
radiation source is changed 

11 mm4 mm

According to the state of the art of  fire science, the pyrolysis behaviour of the 
PMMA sample should had been exactly the same under the two heat sources. 
What is causing this repeatable observation? 

Girods et al., Fire Safety Science 10: 889-901, 2011. http://dx.doi.org/10.3801/IAFSS.FSS.10-889

http://dx.doi.org/10.3801/IAFSS.FSS.10-889
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