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Abstract Ignition of solid fuels and subsequent transition to flame spread is of fundamental interest

and practical importance for fire safety. Motivated primarily by fire safety of spacecraft, a renewed

interest in microgravity flame spread over solid materials has arisen. With few exceptions, however,

research on microgravity flame spread has been focused on thermally thin fuels due to the constraint

on available test time. Till now still little is known about flame spread over thick fuels in microgravity.

A facility is described, which has been designed to examine the ignition and burning behaviors of

thick solids onboard SJ-10 satellite of China. The combustion experiments will be conducted with

varying low velocity flow and varying ambient oxygen concentration. Other variables to be tested are

the effects of fuel type and geometry. The important observations from space experiments include
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flame behavior and appearance as a function of oxygen concentration and flow velocity, temperature

variation in gas and solid phases, and flame spread rate. The research will focus on: (i) finding

a limiting oxygen concentration or flow velocity where a flame will propagate in microgravity, and

comparing the limits with those on Earth, (ii) evaluating effects of flow velocity, oxygen percentage

and material shape on flame spread modes, and (iii) improving the prediction model of solid material

combustion.

Key words Microgravity experiment, Combustion, Solid material, SJ-10 satellite
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Fig. 7 Images of the ignition and flame propagation

Q& C-3E7@-�CJ<$, pq'-.(
+ (Q&3E7@-) �=K<$!?C���(+
C- Q&3E7@-�p]. B 7p`+XME?
C=�3.F9:�<$,.F2+CJpq'7A
@-�QC.

3�qs

T."(0/G;3DLML"5, SJ-10 DL
91(3��-.NO�rV@=K-.<$, #-
.�IHH�@A@, �)X?C�2��-., 3
9?C3.FC-,sg?C=�3.F9:��<
$I�BG, =K-.BI�71(+ (Q&3E7
@-), YPP`t7, 39-.�I(+d0�. *
43?3?.Xq,MNOVi�!q;u"4["
5, >�qP?b, ?*NM ;-.kl3"(G
;�35.

wxyz

[1] ZHANG Xia. Progress in fire safety research for manned

spacecraft [J]. Adv. Mech., 2006, 35(1): 100-115 (rr. s
s��tvtqu��wu [J]. ��wu, 2006, 35(1): 100-

115)

[2] KUMAR A, SHIH H Y, T’IEN J S. A comparison of ex-

tinction limits and spreading rates in opposed and con-

current spreading flames over thin solids [J]. Combust.

Flame, 2003, 132: 667-677

[3] FRIEDMAN R. Fire safety in spacecraft [J]. Fire Mater.,

1996, 20: 235-243

[4] FRIEDMAN R, ROSS H D. Combustion technology and

fire safety for human-crew space missions [C]//Microgra-

vity Combustion: Fire in Free Fall. San Diego: Academic

Press, 2001: 525-562

[5] FRIENDS R, URBAN D L. Progress in Fire Detection

and Suppressions Technology for Future Space Missions:

AIAA-2000-5251 [R]. Long Beach: AIAA, 2000

[6] OLSON S L, MILLER F J, WICHMAN I S. Characteri-

zing fingering flamelets using the logistic model [J]. Com-

bust. Theory Model, 2006, 10: 323-347

[7] LONG Y, WICHMAN I S. Theoretical and numerical

analysis of a spreading opposed-flow diffusion flame [J].

Proc. Roy. Soc., 2009, 465: 3209-3238

[8] WANG Shuangfeng, XIAO Yuan. A ground-based ex-

perimental method for solid material flammability sim-

ulation in microgravity environment [J]. Manned Spacef.,

2012, 18(4): 70-74 (tux, v�. �#�vywrvxyz
�stw��xyuv�� [J]. ss��, 2012, 18(4): 70-74

[9] DU Wenfeng, HU Wenrui. Effect of pressure and radia-

tion on the propagation of flame along a thin fuel surface

under microgravity environment [J]. Sci. China: E, 2003,

33(5): 405-412 (w{z, {{|. �#�v|zw�}~}
x~�xvyzyxvzw{|s{| [J]. "��� (E �),
2003, 33(5): 405-412)

[10] OLSON S L, MILLER F J, JAHANGIRIAN S, WHICH-

MAN I S. Flame spread over thin fuels in actual and simu-

lated microgravity conditions [J]. Combust. Flame, 2009,

156(6): 1214-1226

[11] WANG Shuangfeng, YIN Yongli. Microgravity smolder-

ing combustion experiments abroard the China recover-

able satellite SJ-8 [J]. Chin. J. Space Sci., 2008, 28(1)

6-27 (tux, }~{. ��}s|~{}~�y�� [J]. ��
����, 2008, 28: 6-27)

[12] HU W R, Zhao J F, Long M, et al. Space program SJ-10

of microgravity research [J]. Microgravity Sci. Technol.,

2014, 26: 159-169



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


