
DISCUSSION-FIRST SESSION 

Mr. G. W. V. STARK referred to the paper by Grove et al. 
The authors had found ethyl bromide not to ignite in their 
experiments and they had shown certain marginal differences 
in the behaviour of those materials in two inch and four inch 
tubes. 

The point he had in mind arose out of the work performed 
at the Fire Research Station where they had used a tube of 
just over two inches (about 63 centimetres) internal diameter. 
He had found that the marginally combustible materials 
were extremely sensitive to temperatures and dirt deposited 
inside the tube. He asked the authors whether the tube was 
cleaned thoroughly after each ignition experiment and whether 
attempts had been made to control the temperature to a given 
limit for each test. 

Mr. WEBSTER replied that the tube was not cleaned after 
each experiment but was evacuated. The ambient temperature 
was not controlled. Ethyl bromide was observed to ignite but 
flame would not propagate if the tube was open; propagation 
was possible if the tube was left closed. 

Dr. D. H. NAPIER asked whether Mr. Stark was commenting 
on conditioning of the wall of the tube or if he was referring 
to dirt in the tube. 

Mr. STARK replied that the wall had not been specially 
conditioned; he was referring to dirt. 

Dr. J. H. BURGOYNE asked Dr. Artingstall to comment 
on the situation where there was some complexity of equip- 
ment between the vessel and the point of escape which 
provided resistance to outflow. It was a situation that one 
often met in practice. 

Dr. ARTINGSTALL said that the flow-rate depended upon the 
critical area in the system provided that the gas was escaping 
and that the rest of the system was not being pressurised. He 
was not quite certain how the resistance would effect the 
discharge times. 

Dr. M. A. NETTLETON referred to figure seven of Mr. 
Phillips' paper which gave the relationship between the 
experimental and theoretical gaps for a variety of gas mixtures 
with different activation energies. He wondered how a 
particular flame, for instance, coal or aluminium dust, would 
fit with this theoretical treatment. Had Mr. Phillips any 
suggestions to make on this? 

Mr. PH~LLIPS replied that he had no suggestions. In order 
to get the value of safe gap for a gaseous fuel one would need 
the activation energy and this was related to the lower limit of 
downward flame propagation. This data was not available for 
dust clouds. 

Mr. ARTINGSTALL added that presumably one was liable to 
get ignition by particles getting through the gap. Whether 
that would be sufficient to ignite, he did not know: nor did 
he know whether any work had been done on this. 

Mr. PHILLIPS noted that there had been work done in 
Canada on aluminium flakes trapped between flanges. If a 
small piece of aluminium swarf is trapped between the 
flanges, the internal gas explosion would blow it out and the 
burning aluminium could ignite the external atmosphere. 

Mr. S. J. G. TAYLOR, referring to the paper by Grove 
et al., said that he was interested in the length of time that 
was allowed for mixing the fuel and air. He was surprised 
that it was necessary to allow 10 minutes for smaller vessels 
and 30 minutes for larger ones. Had that time, he asked, 
been determined by actual experiment ? 

In reply, Mr. WEBSTER said the mixing times were chosen to 
ensure smooth propagation and reproducible results. A test 
of mixing was also made in the nine inch.tube using CO2 /N, 
as indicated in the paper; mixing was incomplete if the mixing 
time was less than 15 to 20 minutes. 

Mr. A. P. Cox asked Dr. Marshal1 whether he could 
comment on the purge time for furnaces and boilers. One 
should allow time for air to purge a furnace or boiler before 
lighting. Could anybody comment on the methods to be used 
for determining this purge time? 

Off hand Mr. PHILLIPS could not give figures, but for 
purging experimental boxes for explosion tests it was usual to 
allow about five or six volume changes in the chamber. It 
could be assumed that by then any combustible materials 
would be reduced to such a level that they would not contribute 
to the explosion. It was purely a dilution process really. 

Mr. CUBBAGE (Midlands Research Station, Gas Council) 
in reply said: Adequate purging of industrial plant is under 
constant review at the Midlands Research Station. The 
current recommendations for gas fired equipment given in 
the " Interim Codes of Practice for Large Gas and Dual Fuel 
Burners ", Gas Council Report No. 764170 call for a purge 
of at least five volume changes. 

The requirements for oil fired equipment are given in 
B.S.799, Part I, 1962, " Atomising Bur~zers and Associated 
Equipment ", and are based on similar purge rates. 

Data for low temperature ovens is provided in " Evaporating 
and other Ovens ", Health and Safety a Work Booklet 46, 
Department of Employment. 

Further information is available from Section F.I.D. 2 of 
H.M. Factory Inspectorate, Department of Employment, 
London. 

Dr. H. D. TAYLOR mentioned that it was of considerable 
importance whether ignition occurred during the process o f '  
release. What were the possible mechanisms, he asked, by 
which this could take place. Was sufficient static charge 
developed during the release to cause ignition? 

Dr. ARTINGSTALL replied that in the particular problems 
that he discussed he had not been concerned with ignition 
problems. He was not aware of much work being done on this 
subject and had no information on it. 
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Mr. W. 0. KEEPING commented that it was all very much 
a matter of conjecture when one referred to the methods of 
ignition of gases. He thought there were three very well 
recognised methods of ignition. One was by a static sparking 
which was not very probable if the equipment was well 
earthed and if there was a clean gas stream with no particles 
in it. Another method was from wear products of 
compressors, pumps or similar machinery which had been 
produced under reducing or inert conditions, e.g., with 
hydrogen or nitrogen. One could get entrained in the gas 
stream particles of steel which had no oxide on their surface. 
One could get particles of carbon from pumps-bushes in 
pumps-which were devoid of oxidation. When these 
emerged out into the air, particularly if they were small 
particles, they could become incandescent. 

The third method which was fairly well recognised, was 
where large size pieces of debris became entrained along the 
pipeline, when friction between the pipe wall and the 
entrained material could cause temperature rise sufficient 
to ignite a flammable gas mixture. 

Dr. D. H. NAPIER, commenting on Dr. Taylor's question, 
said that they were starting to make measurements on the 
discharge of condensible gases from orifices to get some idea 
of the charge density on the droplets formed, but he doubted 
whether that was what Dr. Taylor was referring to. 

In that case it appeared that the size of the cloud was 
exceedingly important, not just on a simple droplet surface 
area consideration, but also on a size factor consideration. 
He submitted that at that stage it was unknown but perhaps 
they might be able to comment on it in 12 to 18 months' time. 

Dr. TAYLOR said the point that had been exercising him 
was the build-up of charge within the vapour cloud as it 
emerged with such velocity and in some cases static ignition 
followed. In others it did not and ignition only took place 
at a distance by a boiler or some obviously identifiable ignition 
source. 

Dr. NAPIER added that he thought Dr. Taylor was referring 
to condensation and the charge on the cloud going either 
to earth or some system of that nature but he did not think 
he completely understood the mechanism. 

Mr. P. GRANTHAM asked Dr. Artingstall the limitations 
of the figures that he had produced for rates of flow. What 
variation was there with the size of vessels? Could one 
extrapolate them to pretty high pressures and pretty small 
vessels ? 

Dr. ARTINGSTALL said that one could not. If it was very 
high pressure on really small vessels, then one would have 
had to have considered the unsteady flow. One would have 
to consider the wave system set-up rather than assume that 
quasi-steady flow conditions prevailed. 

Dr. M. KNEALE pointed out that in his example on 
dispersal of atmosphere, Dr. Artingstall gave examples 
measured in metres and feet which caused a bit of ambiguity. 
During his talk he had suggested that this gave a ground 
level concentration of only one per cent. He wondered 
whether that figure was purely notional or whether it had 
some practical significance? 

Dr. ARTINGSTALL replied that this was a particular case 
which was being considered, a typical first generation nuclear 
reactor which was above most of the buildings. There were 
no buildings directly in line with where a breach was likely to 
occur and, if it was a lower duct nearer to the ground, then 

the concentrations would be higher. If there were buildings 
in the vicinity, such a complicated situation arose that he did 
not think one would ever be able to  draw up any general 
guide lines of the concentrations expected in that vicinity. 

At the moment he was debating whether the work was to 
continue or not. There was a real problem of concentrations 
near sites when things went wrong and there were no hard 
and fast rules or ideas as to how this problem might be tackled. 

The CHAIRMAN asked whether it was not just a question of 
how quickly it lost its energy. 

Dr. ARTINGSTALL said the equations only applied in the 
far field. Even if it lost all its energy, there were differences 
which were sufficient to affect the equations and he thought 
that near the source, the ordinary equations would not apply. 

Mr. A. D. CRAVEN, returning to the paper by Grove 
et al., commented upon closed-ended ignition in experiments 
of this sort. That was not meant as a criticism; for a number 
of years he himself had been involved in such work and he 
used the bottom end open. It was extremely frightening 
and dangerous to work with the bottom closed and the 
top open. The biggest proportion of the mixture was forced 
out of the top of the tube after ignition followed by a flash in 
the laboratory. 

Mr. WEBSTER commented that he and Dr. Grove have had 
no experience of experiments with ignition at the closed ends 
of tubes. 

Mr. CRAVEN wondered whether one was perhaps doing 
the wrong thing by using tubes open at the bottom since 
other methods may give wider limits. 

Dr. J. H. BURGOYNE said that he had always felt that open 
ends-in other words, constant pressure measurements of 
flammability-referred to the situation in a large volume 
of mixture. 

He thought that if one had a situation where ignition 
could occur in a pipeline-particularly near a closed end- 
then the closed-tube experiment would be appropriate. 

One would be likely to get a slight widening at the lower 
limit and perhaps a more considerable widening at the upper 
limit. Ethylene, for example, gave considerable extension 
of the upper limit if you confined the mixture. The technique 
did need to be related to the plant conditions that one was 
considering. Another point was that the source of ignition 
became more influential in a closed tube. One could force 
an explosion through a confined mixture by the use of more 
powerful sources of ignition under conditions where one 
would not otherwise get propagation. If one was applying 
the results of these measurements to chemical plant, one 
should see whether any special conditions applied and make 
suitable provisions if that were the case. 

Mr. PHILLIPS thought it depended very much on what you 
wanted to measure. There was a difference between the limits 
of upward propagation and downward propagation. He got 
the impression that if you wanted to measure the property of 
fuel alone, upward propagation was not appropriate as it 
introduced aerodynamic effects. Upward propagation was a 
useful measure of the hazard presented by a gas or vapour 
mixture in air. 

Dr. BURGOYNE agreed with that. He thought that some 
work that Dr. Levy did with him when he was at the Imperial 
College brought out clearly that in upward flame propagation 
there was an  element of convection flow which helped to  
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determine the limiting conditions for flame propagation. 
It was only in downward propagation that you got strictly 
combustion-controlled behaviour. This was important if 
you wanted to use limit data for fundamental comparisons 
with other combustion properties. 

Mr. WEBSTER said attempts were made to check Levy's 
hypothesis according to which the rate of propagation at the 
limit should be proportional to 2/D. In fact experience 
showed them that rates of flame propagation at the limit tended 
to be independent of tube diameter. 

Dr. BURGOYNE thought that the question of speed was 
confused by the gas flow. What one was observing in upward 
propagation was not simply a combustion phenomenon. 
The point he was making was that in downward propagation 
one could see something which was more related to burning 
velocity but in upward propagation the flow pattern was 
rather complex and what one was observing was burning 
velocity modified by the gas flow pattern. 

A speaker said that he was interested in heat losses and 
had done some calculations assuming that the only heat loss 
was by radiation. It rather looked, on a calculation basis, that 
the total heat loss for a given gaseous mixture would be 
independent of vessel size. He thought that one could 
understand that in the sense that the area to which you were 
radiating was proportionate to Rz. The time taken was 

proportional to the RQ factor. The total volume of gaseous 
mixture was proportionate to RQ and for a given gas mixture 
vessel size should not affect radiation killing anyhow. 

A rough calculation for hydrocarbons indicated that 
something like six per cent pressure drop was due to radiation 
losses. He could see that two gaseous mixtures with the same 
energy release had different flame velocities and one could, 
therefore, get in a large vessel some small percentage difference 
in mixed pressure. 

Moving to Mr. Phillips' paper, Dr. BURGOYNE understood 
it to relate to the case where an explosive mixture was 
contained and the tendency was for flame to pass outward 
through the flame arresting system. Did the author, he asked, 
think that it could be applied to a flame arrestor which was 
stopping the propagation of flame in a pipe as distinct 
from expanding from an enclosed space into the open? 

Mr. PHILLIPS thought there should be a tie-up. The difference 
between the flame arresting mechanisms was that for the safe 
gap mixturing was occurring only at the side and at the head 
of the jet. With a flame arrestor the mixture was occurring 
only at the head of the hot gas stream which was flowing 
through the arrestor. They had tried some very crude experi- 
ments which showed that with flame approaching the arrestor 
from the closed end it was hot gas which passed through the 
arrestor and re-ignition occurred at some distance beyond the 
arrestor. 
1.Chem.E. SYMPOSIUM SERIES No. 33 (1972: Instn chem. Engrs, London) 



<<
  /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


