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Abstract The imbalance of air supply and the exhaust on subway platforms has led to the installation of platform
screen doors in underground subway stations. This imbalance causes the accumulation of pollutants on the platform
and loss of comfort due to the lack of ventilation. In this study, a floor exhaust system was optimized using
computational fluid dynamics (CFD) and an optimization program. The optimized floor exhaust system was
manufactured and tested experimentally to evaluate the particle collection efficiency. CFX 17.0 and HEEDS were used
to analyze the flow field and optimize the principal dimensions of the exhaust system. As a result of the three-step
optimization, the optimized floor exhaust system had a total height of 1.78 m, pressure drop of 430 Pa, and particle
collection capability of 61%. A fine dust particle collection experiment was conducted using a floor exhaust system
that was manufactured at full scale based on the optimized design. The experiment indicated about 65% particle
collection efficiency. Therefore, the optimized design can be applied to subway platforms to draw in exhaust air and

remove particulate matter at the same time.
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Fig. 1. Schematic diagram of removal -efficiency

experiment for floor exhaust system.
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Fig. 2. Design variables of floor exhaust system of
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Table 1. Removal efficiency of PMjo by floor exhaust

system operation.

Particle concentration (g/m’)

Before system operation
112.18
140.60

System on
118.78
41.74
65%

System off
111.34
132.94
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Fig. 9. Efficiency of particle removal with floor exhaust

system.

4, 482
B ol toll = CFX9} HEEDSE o]

of W] A AL vpeey] G| o] HAHAAE st
Aok AA Fdel AAst A3 MdAEo] 1.78 m, FrE
H 27 03 mE zHe vheuy]) Zx7F AAEAY FH
A3} AR G s|M AR, hEEAS 429.3 Pa, V|
AHA] AREEL 61%S Blow, HA s A ot
o} A& viehl 7] A2 Gk nAHA] AR EES
65%% Rt HAst AAZ A=A FZ1 vk ] A
225lo] ABAAl A8 Sl A o] mAmR| o HX

g3kl A3}
]

[)
3 7] #EE AR UL FAE 5 YL Ao
AT FF 2SIl vAEA Ao B

448

(1]

[2]

B3]

[4]

[3]

(6]

[7]

8

[}

9]

References

Jeon, J. S., Yoon, J. C, Lee, H. C., Eom, S. W. and
Chae, Y. Z., A noticeable change in indoor Radon levels
after platform screen doors installation in Seoul subway
station, Journal of Korean Society for Atmospheric
Environment, 28(5), pp. 59-67, 2012.

DOI: https://doi.org/10.5572/KOSAE.2012.28.1.059

Kwon, S. B., Namgung, H. G., Jeong, W., Park, D. and
Eom, J. K., Transient variation of aerosol size
distribution in an underground subway station.
Environmental Monitoring and Assessment, 188(362),
pp- 1-11,2016.

DOI: https://doi.org/10.1007/s10661-016-5373-5

Lee, T. J, Jeon, J. S., Kim, S. D. and Kim, D. S., A
comparative study on PM10 source contributions in a
Seoul metropolitan subway station before/after installing
platform screen doors, Journal of Korean Society for
Atmospheric Environment, 26(5), pp. 543-553, 2010.
DOI: https://doi.org/10.5572/KOSAE.2010.26.5.543

Kwon, S. B., Song, J. H., Ryu, J. H,, Jo, S. W., Oh, T.
S., Bae, S. J. and Kim, H. K., A study on the
improvement of the air exhaust system at the PSD
installed subway station. Journal of Korean Tunnelling
and Underground Space Association, 17(3), pp. 353-362,
2015.

DOI: https://doi.org/10.9711/KTAJ.2015.17.3.353

Cheng, Y. H., Lin, Y. L. and Liu, C. C, Levels of
PM10 and PM2.5 in Taipei rapid transit system.
Atmospheric Environment, 42, pp. 7242-4249, 2008.
DOI: https://doi.org/10.1016/j.atmosenv.2008.07.011

Kam, W., Cheung, K., Daher, N. and Sioutas, C.,
Particulate mateer (PM) concentrations in underground
and ground-level rail systems of the Los Angeles Metro,
Atmospheric Environment, 45, pp. 1506-1516, 2011.
DOI: https://doi.org/10.1016/j.atmosenv.2010.12.049

Martins, V., Moreno,T., Minguillon, M. C., van Drooge,
B. L., Reche, C., Amato, F., de Miguel, E., Capdevila,
M., Centelles, S. and Querol, X., Origin of inorganic and
organic components of PM2.5 in subway station of
Barcelona, Spain. Environmental Pollution, 208, pp.
125-136, 2016.

DOLI: https://doi.org/10.1016/j.envpol.2015.07.004

Namgung, H. G., Song, J. H,, Kim, S. Y., Kim, H. M.
and Kwon, S. B., Characteristics of indoor air quality in
the overground and underground railway stations.
Journal of the Korea Academia-Industrial, 17(5), pp.
17-25, 2016.

DOI: https://doi.org/10.5762/KAIS.2016.17.5.17

Park, J. H., Park, J. C. and Um, S. J., Estimation of
diffusion direction and velocity of PM10 in a subway
station(for Gaehwasan station of subway line 5 in seoul),
Journal of Korean Society of Transportation, 28(5), pp.
55-64, 2010.




FANE &8 A viEui7] A" HH3 A7

[10] Sonm, Y. S., Salama, A., Jeong, H. S., Kim, S., Jeong, J
H., Lee, J., Sunwoo, Y. and Kim, J. C., The effect of
platform screen doors on PMI10 levels in a subway
station and a trial to reduce PM10 in tunnels, Asian
Journal of Atmospheric Environment, 7(1), pp. 38-47, 2013.

DOI: https://doi.org/10.5572/ajae.2013.7.1.038

Park, I. H., Lee, Y. K., Jang, C. M. and Choi, Y. S.,
Introduction of turbomachinery optimization using
HEEDS and CFX, Korean Society for Fluid Machinery,
Proceedings of the KFMA Annual Meeting, pp. 161-162,
2014.

Lee, Y. K., Shin, J. H,, Park, I. H., Kim, S., Lee, K. Y.
and Choi, Y. S., Mixed-flow pump impeller-diffuser
optimization method by using CFX and HEEDS,
Transactions of the Korean Society of Mechanical
Engineers, 39(10), pp. 831-842, 2015.

DOI: https://doi.org/10.3795/KSME-A.2015.39.9.831

Sanders, P. G., Xu, N., Dalka, T. M. and Maricq, M. M.,
Airborne  brake wear debris: size distribution,
composition, and a comparison of dynamometer and
vehicle tests, Environmental Science and Technology,
37, pp. 4060-4069, 2003.

DOI: https://doi.org/10.1021/es034145s

[11]

[12]

[13]

=3 & (Hyeong-Kyu Namgung) (M3
020109 8¢ : AlFdigtu 1434
8t (F34Ah
020151 2€ : AlFUIga 1437
&t} (FshkAh
020159 749 ~ @Al : FTHHEY]
#ATAKRR)  wEHFATH
RARS 9]
<HAEoR
7187, Aug, w3
Bt M| ZkKSechan Park) 3|3
2015 8¢ : Mgt 7433t
4 (&3
02015 79 ~ A : VALY
EATUKRR)  wFHAATHE
AT, FHeprjedstddista 2

449

Z 21 3{(Minhae Kim) [Hz| ]
e2013\d 2¢ : st AEeH
A 2-El g8t} (A}
02015\ 9¢ ~ &A| : ALY
SATYKRR) W EIFATH
A, FHjsgstddsta 3
A zElFsty) Mubgtaty
<Alitok>
AuigH, mAmA|
Z &= H(Soo-Yeon Kim) [H3|¢¥]

e2014\d 2¢ : &gt 4k)sA
wAsty (LA}

0201551 79 ~ @A : ggEEY
% ATA(KRRI)  wESHAFATE

A5AT

# # Hl(Soon-Bark Kwon) [R5
© 1997 2¢ : lEtt)gt 7]A5 8}
3} (—-_s 1SR ].)
02003 29 : AFHE7|Ed 3
387} (F3hAh
02004 49 ~ 2006 19 : YE
A 7)EE AT A(AIST)  JSPS
AL AT
020061 2€ ~ A : IA4HEY]

=479 Addd

<T}A]HL

pilg= 1A

o>
o718, e, v AwA




<<
  /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


