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Point Source ModelPoint Source Model
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Equivalent DiameterEquivalent Diameter
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Flame HeightFlame Height
Data Versus CorrelationData Versus Correlation
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Comparison of all experimentsComparison of all experiments
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Emissivity of FlameEmissivity of Flame
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Flame Temperature DataFlame Temperature Data

0

100

200

300

400

500

600

700

800

900

1000

0 60 120 180 240 300 360

Time (s)

Te
m

pe
ra

tu
re

 (C
)

0.3
0.5
0.7
0.9
1.1
1.3
1.5
1.7
1.9

A5S1



Single Seater ResultsSingle Seater Results
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Two Seater ResultsTwo Seater Results
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Furniture FlamesFurniture Flames

30 s after ignition to 360 s after ignition
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Radiant Ignition of Upholstered Radiant Ignition of Upholstered 
FurnitureFurniture

14 NZ Fabrics
3 NZ Polyurethane Foam (Domestic, 
Commercial, Aviation)
ISO Ignitability Apparatus w/electric arc
qe = 40, 35, 30, 25, 20, 15, 10 kW/m2

+ minimum heat flux levels
5 replicate samples at each heat flux 
Over 900 experiments were conducted



Fabric MatrixFabric Matrix

Selected 
from over 
350 fabrics
Color was 
not a 
variable
Pure fabrics 
chosen when 
possible
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Pacific 100       100
Cement  100      100
Saffron   100     100
Azure     100   100
Gold       100 100
Dark red    100    100
Cadet  42 58     100
Blue  51  49    100
Sage  50   50   100
Navy  51    49  100
Forest 60 40      100
Denim  31 21 48    100
Spring  43 41  16   100
Taupe  39  40  21  100

* Fabric 28 is a fabric treated with fire retardant additive. 



AssumptionsAssumptions

Ignition occurs when the surface reaches 
a material dependent temperature
The material is opaque and inert
The material has uniform thermal 
properties independent of T
Thermal decomposition and associated 
changes are neglected
Heat flow into the solid is 1-dimensional
Heat loss from the surface is both 
convective and radiative with a constant 
convection coefficient



Time to ignition Time to ignition -- thin solidthin solid
Approximate solutionApproximate solution

dt
dT

cqqq Prrenet τρ=′′−′′=′′ &&&

Initial condition: ∞== TTt 0

Solution to simplified form:

( )
( )crite

ig
pig qq

TT
ct

′′−′′
−

=
&&

0τρ

Material dependent
specific to ignition

Approximation of 
surface heat loss



Thermally Thick Thermally Thick -- Time to IgnitionTime to Ignition

Approximate solution:
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Critical versus Minimum Heat Critical versus Minimum Heat 
Flux Flux 

Minimum heat flux for ignition the 
heat flux below which ignition under 
practical conditions (in bench scale test 
or a real fire) cannot occur.

Critical heat flux for ignition is an 
estimate of        derived from a 
correlation of experimental data.
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Estimating the Ignition Estimating the Ignition 
TemperatureTemperature

Steady State Energy Balance 
at Surface

Nonlinear – interative 
solution
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Components of Surface heat Components of Surface heat 
lossloss
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Melting FabricMelting Fabric
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Charring FabricCharring Fabric
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AnalysisAnalysis

Thermally Thin

Thermally Thick
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Fabric EffectsFabric Effects
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Conclusions Radiant Ignition of Conclusions Radiant Ignition of 
Upholstered FurnitureUpholstered Furniture

The results presented here show that 
upholstered furniture composites present a 
complex ignition problem.  
The melting of the foam and behaviour of the 
fabrics further complicates the problem.  
Ignoring these complications, the results show 
that when the fabric-foam composite is 
exposed to external radiation of 15 kW/m2 or 
more, the time to ignition correlates well as a 
thermally thin solid
When the external radiant heat fluxes are 
below 15 kW/m2, i.e. approaching the 
minimum heat flux levels, neither the 
thermally thin or thermally thick correlations 
fit the data well. 



Conclusions Conclusions -- Radiation from the Radiation from the 
SourceSource

Due to the complex geometry of 
upholstered furniture flames it is 
difficult to model the radiation. 

Point source approximation give 
surprisingly accurate predictions for the 
flame radiation (At least at 1.5 m from 
burning chair)

More complex is not always accurate.



Further ResearchFurther Research

Improve the characterization of the 
flame shape using image processing of 
the video tape.

Conduct additional experiments with 
more detailed heat flux measurements.

Using the material properties from the 
steady state experiments to predict the 
ignition from a transient exposure and 
compare with new transient results.



Flame AnalysisFlame Analysis
withwith

Image ProcessingImage Processing

Paul Mason



Furniture FlamesFurniture Flames

30 s after ignition to 360 s after ignition



MotivationMotivation

To identify and quantify the shape of a 
flame
To effectively model flame shape 
(cylinder, truncated cone, double cone, 
etc.)
To correlate flame shape with energy 
release rate
To use multiple cameras to establish 
flame shape (3D)



Couch FireCouch Fire



AlgorithmAlgorithm

Extract blue color planeExtract blue color plane



AlgorithmAlgorithm

QuantifyQuantify

Maximal value: 255.00



AlgorithmAlgorithm

ThresholdThreshold



AlgorithmAlgorithm

Image mask: from ROIImage mask: from ROI



AlgorithmAlgorithm

Remove small particlesRemove small particles



AlgorithmAlgorithm

Particle Analysis: Area (pixels)Particle Analysis: Area (pixels)

1782Area (unit)

1Results…
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Future EffortsFuture Efforts

Minimize reflections
Investigate smoke effects & video 
compression effects
Average the flame – 100%, 50%, etc.
Measure flame height & width
Convert length & area from pixels to m2

Estimate flame volume (3D 
visualization)


	Radiant Ignition of Adjacent Upholstered Furniture - A Simple Approach
	Acknowledgements
	Radiant Ignition of Adjacent Upholstered Furniture - A Simple Approach
	Radiant Ignition of Adjacent Upholstered Furniture - A Simple Approach
	Experimental Setup
	Furniture Styles
	Point Source Model
	Cylindrical Model
	Heskestad's Correlation
	Equivalent Diameter
	Flame HeightData Versus Correlation
	Comparison of all experiments
	Emissivity of Flame
	Flame Temperature Data
	Single Seater Results
	Two Seater Results
	Furniture Flames
	Radiant Ignition of Upholstered Furniture
	Ignition Apparatus
	Radiant Ignition of Upholstered Furniture
	Fabric Matrix
	Assumptions
	Time to ignition - thin solid Approximate solution
	Thermally Thick - Time to Ignition
	Critical versus Minimum Heat Flux
	Estimating the Ignition Temperature
	Components of Surface heat loss
	Melting Fabric
	Melting Fabric
	Charring Fabric
	Charring Fabric
	Analysis
	Results 7kW/m2?q”e ?40kW/m2
	Results 15kW/m2?q”e ?40kW/m2
	Results 15kW/m2?q”e ?40kW/m2
	Fabric Effects
	Generic Results
	Conclusions Radiant Ignition of Upholstered Furniture
	Conclusions - Radiation from the Source
	Further Research
	Flame AnalysiswithImage Processing
	Furniture Flames
	Motivation
	Couch Fire
	AlgorithmExtract blue color plane
	AlgorithmQuantify
	AlgorithmThreshold
	AlgorithmImage mask: from ROI
	AlgorithmRemove small particles
	AlgorithmParticle Analysis: Area (pixels)
	Data
	Future Efforts

