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ABSTRACT

The convective heat transfer coefficient, emissivity, and flame heat flux on the surface of Duglas fir are estimated by
using repulsive particle swarm optimization. The surface temperature, mass loss rate, and ignition time are measured for
various incident heat fluxes from a cone heater of the cone calorimeter. The calculated surface temperatures obtained by
using the optimized convective heat transfer coefficient, emissivity and flame hesat flux on the surface in this study match
well with those obtained from the test. The maximum error between the predicted and measured surface temperatures for
the three different externa heat fluxes is within 2% showing reasonable agreements. The methodology proposed in this
study can be used to obtain various values related to heat transfer on a flaming surface that are difficult to measure in
experiments.
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Figure 1. Flowchart for the estimation of properties and flame heat flux.
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Figure 3. Surface temperature comparisons of Douglas fir for
the external heat fluxes.
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Table 1. Ignition Times and Mass Loss Rates for External
Heat Fluxes
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Table 2. Estimated Properties of Douglas Fir for Different
External Heat Fluxes

Previous studies®™

Before fire | After fire
€ 0.9

h (W/m?K) 10

ar (kKwim?) 30

The present study
After fire
0.72
15.04

Properties

Before fire
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Figure 4. Comparison of the transient surface temperatures
of Douglas fir between experimental observations and numer-
ically predicted solutions for different external heat fluxes.
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Nomenclatures

% particle velocity

®  inertia weight

r random number

g random velocity vector

X particle position

f fitness

®  the number of externa heat

Ts  surface temperature

Ts average surface temperature

N;  the number of measured surface

m" mass loss rate

d thickness of specimen

P

ge4 A7 19

exp experimenta data

try caculated result

k thermal conductivity

P density

G capacity

g" net heat flux

Uox: externa heat flux from cone hester
h convective heat transfer coefficient
T.. ambient temperature

€ surface emissivity

6  Stefan-Boltzmann constant

tig  ignition time

gy critical heat flux

Tig  ignition temperature

T, volatilization temperature

dy flame heat flux
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B AFE AR AR 7 i A ] 9
A4S ol Y= AFY T
References

1. K. McGrattan, “Fire Dynamics Simulator (Version 4)
Technica Reference Guide’, NIST Specia Publication
1018-4 (2004).

2. C. Lautenberger, Y. Y. Zhou and A. C. Fernandez-Pello,
“Numerical Modeling of Convective Effects on Piloted
Ignition of Composite Materials’, Combustion Science
and Technology, Vol. 177, pp. 1231-1252 (2005).

3. C. Lautenberger, S. McAllister, D. Rich and C. Fernan-
dez-Pello, “Modeling the Effect of Environmenta Vari-
ables on Opposed-Flow Flame Spread Rates with FDS’,
Fire Safety in Tall Buildings International Congress, Uni-
versity of Cantabria, Santander Spain, October, pp. 18-20
(2006).

4. C. Lautenberger, S. McAlligter, D. Rich and C. Fernandez-
Pello, “Effect of Environmental Variables on Flame
Spread Rates in Microgravity”, 45th AIAA Aerospace
Sciences Meeting and Exhibit, Reno, NV, January, AIAA
Paper 2007-383 (2007).

5. K. W. Kim, S. W. Bagk, B. S. Shin, K. J. Kil and K. G
Yeo, “Comparison of Regularization Techniques for an
Inverse Radiation Boundary Anaysis’, Tran. KSME(B),
Vol. 29, No. 8, pp. 903-910 (2005).

6. K. H. Lee, S. W. Baek and K. W. Kim, “Inverse Radia-
tion Analysis using Repulsive Particle Swarm Optimiza
tion Algorithm”, International Journal of Heat and Mass
Transfer, Vol. 51, pp. 2772-2783 (2008).

Fire Sci. Eng., Vol. 27, No. 6, 2013



20

10.

1.

12.

3™

Ho

. C. Lautenberger, G Rein and C. Fernadez-Pello, “The

Application of a Genetic Algorithm to Estimate Material
Properties for Fire Modeling from Bench-Scale Fire Test
Data’, Fire Safety Journal, Vol. 41, pp. 204-214 (2006).

. H. C. Chang, W. H. Park, K. B. Yoon, T. K. Kim, D. H.

Lee and W. S. Jung, “Inverse Estimation of Properties
for Charring Material using a Hybrid Genetic Algo-
rithm”, Journal of Mechanica Science and Technology,
Vol. 25, No. 6, pp. 1429-1437 (2011).

. H. C. Chang, “Study on Inverse Property Estimation for

Thermal Pyrolysis and Radiation by Using the RPSO
Method”, Doctord thesis, Chung-Ang University, Korea
(2011).

H. C. Chang, W. H. Park, K. B. Yoon and T. K. Kim,
“Estimation of the Properties for Charring Material Using
the RPSO Algorithm”, Journal of Fluid Machinery, Vol.
14, No. 1, pp. 34-41 (2011).

C. Lautenberger and C. Fernandez-Pello, “A Generalized
Pyrolysis Model for Simulating Charring, Intumescent,
Smoldering and Noncharring Gasification”, Fire Sci-
ence, Combustion Processes Laboratories, UC Berkeley,
08-27-2006 (2006).

J. E. J Staggs and H. N. Phylaktou, “The Effect of

3k 42Hets] =8EX], A2748 A6%, 20139

. 8k

ko

foty

13.

14.

15.

16.

17.

18.

Emissivity on the Performance of Steel in Furnace
Tests’, Fire Safety Journal, Vol. 43, pp. 1-10 (2008).

J E. J. Staggs, “Convection Heat Transfer in the Cone
Cdorimeter”, Fire Safety Journal, Vol. 44, pp. 469-474
(2009).

K. B. Yoon, W. H. Park and T. K. Kim, “Estimations of
Convection Heat Trasfer Coefficient and Surface Emis-
sivity of the Specimen in Cone Caorimeter using
RPSO”, ISFMFE2012 Conference, REF-1067 (2012).

D. Hopkins, Jr., “Predicting the Ignition Time and Burn-
ing Rate of Thermoplastics in the Cone Calorimeter”,
NIST-GCR-95-677 (1995).

ISO 5660-1, “Reaction-to-Fire TestsHeat Release,
Smoke Production, Mass Loss Rate- Part 1: Heat Release
Rate (Cone Calorimeter Method)” (2003).

J. Kennedy and R. C. Eberhart, “Particle Swarm Optimi-
zation”, In: Proceedings of the 1995 International Confer-
ence on Neural Networks, Vol. 4, |EEE Press,
Piscataway, NJ, pp. 1942-1948 (1995).

K. H. Lee, S. W. Baek and K. W. Kim, “Inverse Radia
tion Analysis using Repulsive Particle Swarm Optimiza
tion Algorithm”, International Journal of Heat and Mass
Transfer, Vol. 51, pp. 2772-2783 (2008).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


