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Abstract 
 
This research is aimed at developing the experimental base and investigating the impulse formation of sprays, 
considering the evolving droplets in the dispersed flow. The work is urgent in view of the necessity to 
investigate the spray generation processes for prompt neutralization and deactivation of noxious aerosol and gas 
emissions as well as for suppressing fires and blast waves in coal mines. The spray formation process was 
simulated in laboratory conditions by applying a modified hydrodynamic tube-type device using a gas-
generating pyrotechnic charge to intensify atomization. Considering the specific character of the impulse liquid 
atomization, we developed an experimental research complex comprising both the known and dedicated methods 
and procedures.  
The high-speed video visualization of the impulse atomization showed that the spray has a conical symmetric 
shape, the liquid ejection from the atomizer is completed in 3 ms, the mean flow rate corresponds to ~200 m/s, 
the cloud is formed in 8 ms. 
The laser measurement setup based on the low-angle laser light scattering method using a line of sight forward 
diffraction technique was employed to study the droplets dispersiveness parameters and spray evolution. The 
study revealed a limitation on measurements, which is caused by the multiple light scattering in the dispersed 
flow at the initial stage of its formation. To minimize the effect of the multiple scattering, it was suggested to 
employ a device in the form of a protective tube twice reducing the optical path length. The protective tube is 
placed in such a way as to isolate the probe laser beam on the half of the dispersed flow. The experimental 
investigation showed that under the used conditions the measurements using the protective tube can be run 
starting from 8 ms after the onset of the liquid atomization, whereas the protective tube is not employed, the 
measurements can be performed starting from 50 ms. The liquid spray produced by the impulse atomization was 
found to be fairly stable and stationary at the spray evolution stage. 
Also to perform the work, an experimental method has been suggested that permits using the whole ensemble of 
droplets resulting from the atomization. The method consists in atomizing NaCl solutions, evaporating the 
solution droplets, and subsequently determining the disperse composition of droplets in the spray from the study 
results for the dry salt residue. The method is informative so far as the dry residue particle size is directly 
associated with the content of a nonevaporable impurity in the droplet, and the disperse composition of the 
initial droplets. As a result of the electron microscopy study of the droplets formed upon the impulse atomization 
of a 20% NaCl solution, it was found that their morphology may be different, that is, solid 
polycrystalline/monocrystalline structures and hollow spheroids which are also distinct in structure and sizes of 
crystals constituting their surface. The evaluation of the particles morphology showed that the droplets at the 
first several milliseconds after the formation underwent various interactions with the environment and their 
evaporation rates were significant. In other words, the salt residue particles are a sort of ‘artifacts’ reflecting the 
‘marks’ of processes that occurred during atomization. In addition, when designing and testing impulse-type 
atomizing devices, the existence of hollow spheroids can serve as an ‘indicator’ of a maximally effective 
interaction between the dispersed flow and the environment at the initial stage of the flow formation and, hence, 
of a more effective liquid atomization. 
As a consequence of the study, a general picture has been described for the droplet evolution upon the impulse 
atomization.  
 
 
 



<<
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


