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Pyrolysis

• Gaseous phase influence solid phase and vice versa
• How fast is gasification? ሶ𝒎 (mass loss rate, MLR)
• FDS (Fire Dynamics Simulator)
• Different approaches (variously complex), 2 main



• HRR (Heat release rate) - ሶ𝑞′′
• Heat of combustion - ∆𝐻𝐶

3

Fire Consequence Modeling

ANAMET. Fire Testing Technology Ltd. 
http://www.anamet.cz/vyrobce/fire-
testing-technology-ltd (cited 26.11.2019).



• Heat transfer, heat conduction, decomposition kinetics, 
combustion, smoke production and transport, etc.

-> complicated – a lot of input parameters
• Both gas and

solid phase 
solved at the 
same time
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Complex Pyrolysis Modeling

𝝂1 𝑾𝒐𝒐𝒅 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 1 𝝂𝑪𝑯,1 𝑪𝒉𝒂𝒓 + 𝑪𝒐𝒎𝒃𝒖𝒔𝒕𝒊𝒃𝒍𝒆 𝒈𝒂𝒔𝒆𝒔

𝝂2 𝑾𝒐𝒐𝒅 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 2 𝝂𝑪𝑯,2 𝑪𝒉𝒂𝒓 + 𝑪𝒐𝒎𝒃𝒖𝒔𝒕𝒊𝒃𝒍𝒆 𝒈𝒂𝒔𝒆𝒔
𝝂3 𝑾𝒐𝒐𝒅 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 3 𝝂𝑪𝑯,3 𝑪𝒉𝒂𝒓 + 𝑪𝒐𝒎𝒃𝒖𝒔𝒕𝒊𝒃𝒍𝒆 𝒈𝒂𝒔𝒆𝒔
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Consequence modeling

parameters

Pyr. gas composition

Soot yield

Density

Heat conductivity

Specific heat

Emissivity

Heat release rate

Ignition temperature

Complex modeling

parameters
How to obtain

Pyr. gas composition El. analysis, lit.

Soot yield Cone calorimetry

Density Directly, lit.

Heat conductivity Exp., literature

Specific heat DSC, literature

Emissivity Literature

Char density Directly, lit.

Char heat cond. Exp., literature

Char specific heat DSC, literature

Char emissivity Literature

Preexp. factor TGA – opt.

Activation energy TGA – opt.

Order of reaction TGA – opt.

Heat of reaction DSC

Heat of combustion Cone calorimetry

Stoch. coeff. of char TGA

Stoch. coeff. of 

decomposing comp.
TGA – opt.

• Is 11 enough? For 
which scenario?

• Validation!

Consequence vs. Complex Modeling

11 vs. 30



• Test facility to determine Reaction to fire of facing materials 
(walls and ceilings)

• Burner location and fire load according to ISO 9705-1

• Room 2,4 x 3,6 x 2,4 m + hood 3 x 3 m + exhaust duct

• Walls covered by OSB board

RCT (Room Corner Test)
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Room Corner Test – FDS model
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• Engineered/Composite board
• Building material, insulation, interiors
• Charring, inhomogeneous
• Complex chemical structure 

(lignin, cellulose, hemicellulose)
+ adhesives + additives
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Investigated Material - OSB
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Experimental Data - Thermocouple
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Experimental Data - Thermocouple

flashover

extinguishing + burner shutdown
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Experimental Data - Thermocouple
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Experimental Data - Comparison
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Experimental Data - Comparison
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• Eurocode ČSN EN 1995-1-2

Temperature Dependent Properties
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Experimental Data - Comparison
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Experimental Data - Comparison



• Different pyrolysis models in RCT for OSB board

• HRR modeling insufficient

• Thermal properties most significant

• Thermal properties from cone (PROPTI)

• Coupling with structural solvers

• More detailed char analysis

Conclusions and Future Work 2019
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New FDS version 6.7.4

• Update from 6.7.1
• Results differ
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New FDS version 6.7.4
• Solid phase discretization
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Gas phase discretization
• Standard procedure
• Adding cells until they affect results

Moghaddam, A. Z., Moinuddin, K., Thomas, I. R., Bennetts, I. D. and Culton, M. (2004) Fire

Behaviour Studies of Combustible Wall Linnings Applying Fire Dynamics Simulator, 15th

Australasian Fluid Mechanics Conference.
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Solid phase discretization
• Need to solve partial differential equations for heat conduction
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Solid phase discretization
• Need to solve partial differential equations for heat conduction

• Crank-Nicolson scheme (implicit)



• Need to solve partial differential equations for heat conduction

• Default discretization: 
• Wall increment = 2
• Stretch factor = 2

• First cell size ≤ 𝑡𝑘𝑠/𝜌𝑐𝑠
• Cell size factor = 1

• Why is default not sufficient?
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Solid phase discretization



• Reaction rate! (3 pyrolysis reactions)
• Temperature dependent properties
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Why is the default not sufficient?
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• Need to solve partial differential equations for heat conduction

• Default discretization: 
• Wall increment = 2
• Stretch factor = 2

• First cell size ≤ 𝑡𝑘𝑠/𝜌𝑐𝑠
• Cell size factor = 1

• Adjusted discretization:
• Wall increment = 1
• Stretch factor = 1 
• Cell size factor < 1
• Large increase in computational time
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Solid phase discretization
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Solid phase discretization
• Inappropriate to observe solid phase discretization effect from 

large scale models and from gas phase cells properties
• Focus only on solid phase (solid phase only = true) -> Cone
• Simplest geometry possible
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FDS cone calorimetry model

Default 

• 50 kW
• 6 sec, 10 cells
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FDS cone calorimetry model

Default

• 50 kW
• 6 sec, 10 cells
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FDS cone calorimetry model

Wall increment = 1
Stretch factor = 1

• 50 kW
• 7 sec, 42 cells
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FDS cone calorimetry model

Wall increment = 1
Stretch factor = 1

Cell size factor = 0.5

• 50 kW
• 8 sec, 83 cells
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FDS cone calorimetry model

Wall increment = 1
Stretch factor = 1

Cell size factor = 0.2

• 50 kW
• 15 sec, 204 cells
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FDS cone calorimetry model

Wall increment = 1
Stretch factor = 1

Cell size factor = 0.1

• 50 kW
• 42 sec, 407 cells
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FDS cone calorimetry model



• Optimization, analogy to kinetics from TGA data
• Selection of searched parameters

• cs of char <0.2; 2.0> (literature 0.8)
• ks of char <0.02; 0.3> (literature 0.1)
• cs of all 3 wood components <0.3; 3> (literature 1.221)
• ks of all 3 wood components <0.02; 0.3> (literature 0.098)
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FDS - PROPTI cone calorimetry model
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FDS - PROPTI cone calorimetry model
• Optimized parameters (from 50 kW)

• cs of char 0.204 (literature 0.8)
• ks of char 0.104 (literature 0.1)
• cs of all 3 wood components 2.509 (literature 1.221)
• ks of all 3 wood components 0.177 (literature 0.098)
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FDS - PROPTI cone calorimetry model
• cs of char 0.222 (literature 0.8)
• ks of char 0.083 (literature 0.1)
• cs of all 3 wood components 2.356 (literature 1.221)
• ks of all 3 wood components 0.179 (literature 0.098)
• 𝚫HC of all 3 wood components 15756 (experiment 11710)
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Experimental Data - Comparison
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Experimental Data - Comparison



• Solid phase discretization

• Promissing RCT model outputs using PROPTI

• Thermal properties from cone at different heat 
flows (PROPTI)

• Different materials (spruce, chipboard)

• More detailed cone model using HT3D and char 
properties

Conclusions and Future Work
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Thank you for your attention
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