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Dust collection system optimization with air blowing and
dust suction module

Wootae Jeong"”, Soon-Bark Kwon', Sangwon Ko', Duckshin Park'
lTransportation Environmental Research Team, Korea Railroad Research Institute
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Abstract The performance of track cleaning trains to remove accumulated fine particulate matter in subway tunnels
depends on the design of the suction system equipped under the train. To increase the efficiency of the suction system
under the cleaning vehicle, this paper proposes a novel dust suction module equipped with both air blowing nozzles
and a dust suction structure. Computational Fluid Dynamics (CFD) analysis with turbulent flow was conducted to
optimize the dust suction system with a particle intake and blowing function. The optimal angle of the air blowing
nozzle to maximize the dust removal rate was found to be 6 degrees. The performance of the track cleaning vehicle
can be increased by at least 10 percent under an operation speed of Skm/h.

Keywords : Computational Fluid Dynamics, Dust cleaning, Optimization, Particulate matter, Suction system
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Table 1. Various vacuuming vehicles

Manufacturer Picture Description
Bucher Schoerli . .
ucher schoeriing, Vacuuming &brushing / road
Germany
Sinjcong, Vacuuming &watering / road
Korea ¢ ¢
Vaktrak, Vacuuming & nozzle flap /
France Railway
Schorling Kommunal e e = | Vacuuming & air curtain /
GmbH w Railway
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Fig. 1. Schematics of (a) conventional dust suction

system with air blower and (b) new dust
suction system with air curtain and blower
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Fig. 2. Modular design of dust intake structure for the
railway tunnel vacuuming vehicle; (a) seven
modules under vehicle and (b) suction and
blowing components of the single module
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Table 2. Summary of variables for simulation and
analysis

Variable Value

Particle size (f4771) 1, 10, 100

Fe
100
0° ~ 30°
1~2
0.1 ~02
0~5

Particle material

Nozzle height (mm)

Nozzle angle (Degree)

Suction flow rate (ms/s)

Nozzle flow rate (ms/s)

Vehicle Speed (km/h)
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Fig. 3. Flow simulation of the PM10 as nozzle angle
changes under the train speed of 5 km/h
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PM Removal Rate
T

—&—Under PM1
—=—UnderPM10
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Dust(PM) Removal Rate (%)
®

L
20

I
15
Nozzel Angle (degree)

Fig. 4. PM removal efficiency as dust particle size and
nozzle angle change

=2

e
[0)]
o N f T

o,
O

_O‘L
rir
Mo

jinA
ol
o
o
i
X
=
fuj
T
ful

ol
feodn o doorfr o b BT ool

o 1o lo b rlr

O W ogo N
LY ) A =
o
oft
™
oK
ol
4
ol
0,

N
- L

—‘“rlo
o X & Ho

ol
o

off 1o

o
Hir
e

S~

i
i,

T A

N

w A 4

jur)
=
a3
g
By
2
>

N

)

r r% L,

i
=
2
il
rim
1o
12

O

rlr

]

X

m
o
b
i
1o
i
e
o
o
s
=
=)
el
[
13
=
V3
B,
©
oM,

B

ok

o
jins
ol
o
rlo
Hir
xS
[t
o
~
]

it
e o

oo 2oz

o 2 ff N

=
T
R
rh:>

-
N

o
op
o o lo
N

S
—_
W

o2

o

K
ol
N

[ o
(N
o X

0%

Tl 3o o o
R

e B

oft 'y
c

it

o

o

N
0%
= — H

_!
P

T Ny

o3
o
Q\L
32

B i
et
Ry
e ¥o,
4

3
o



oo} E201¢t FU715E 7H vAHA] FUALT Y] H2 5t

. : | oo s diehee ) BRE EEEs Yehi,

. S pesoew mAR o] ueld] 2 2 delo] 7}

et || e geow 53719 o] 02 mYsdd W) Hy

20 Pas] el webe] hs1de o 4 glek. ol

o E2f30] 02 miselgo] B A5 vhehae)

A% wrh ge oz WA 4 o), dudew

. AN AR 27 BAENE SR wF) H

T g BEee 20ee] 2749 oS A7) ofE s
Nozzle Angle(Deree) _ s “

Fig. 5. PM removal efficiency as nozzle angle and flow B2 ARG £ SRS AdE =Fe] v

e chanee 9141 100 mm 91219] Folel] AL vhel Hgshe

Aoz, wzel S1A7k vzt A 9ol 4

32 E8 &YU=s shMdat 4 EZfdo] hh Folw FRW 982 ¢ 5 g

Module

=59 ofojAE &
& o},

i)
P
e
>
o, rlm

Blower
0.15m’/s

Suction 6.0m’/s, Blower 0.2m’/s & Velocity vector

g

Fig. 7. Pressure distribution on the railway track
P according to air blower quantity change

22333

|+ 20000
16.667
13333
10,000
6.667
3333

)
Velocity [mis]

Fig. 6. Flow velocity for combined blower and suction
modules o

Fig. 72 7719 RES T4 e 4537 =

o] E&237] F%S 0.1 m/sHEH 02 mUs7HA HEAA A= g ze 1zE A

295



FFAE & =B A7 RS, 2016

D T4+ 5T 89 45 =55 7K T [6] D. P?)rk, et al., “lldenFiﬁcatior} pf the squrc;: of PM10 in
- _ a subway tunnel using positive matrix factorization”,
TEE Ao, HAY dHifres 7R W Journal of the Air & Waste Management Association,
2] 0 o] Z=XFHAL B Boo] =90 Ax Vol. 64(12), pp. 1361-1368, 2014.
17”:] A E ° ]}040 = 014 E:‘f 1 DOI: http://dx.doi.org/10.1080/10962247.2014.950766
Zro] ok e A Bolg o]l HAB = o
ztol of 6oisllA Felasel A1s 9 5 9 [71 W. C. Hinds, “Aerosol technology: properties, behavior,
&5 FolEtgith and measurement of airborne particles”, A Wiley
o= - Interscience Publication, 2012.
2) B0 =570 HA et o], AFe] olFH (5] . C. Wileo, “Turbul tcline for CED™. DCW
_ _ . C. Wilcox, “Turbulence modeling for ,
Tof w2 e Fele] AdE] FYRE F Industries, Inc., 1998.
7] =20l B S Ab=dlsler, At 22 (9] T. H. Shih, et al, “A New k— e Eddy Viscosity Model
A ad120] 5 km/he] BERAEAx}T] 2 LA for High Reynolds Nqnbgr Turbulent Flows - quel
B Development and Validation,” Computers & Fluids,
WAHA AAEZES 10 %ol =Y F ULS Vol.24(3), p.227-238, 1995.
stolsradn), DOL: http://dx.doi.org/10.1016/0045-7930(94)00032-T
- - 10] B. E. Launder, et al.,, “Progress in the Development of
E A3 S| 5.0] = = [ > _
3) 53] BER AAE F9rEs WAE v a Reynolds-Stress Turbulence Closure,” J. Fluid Mech.,
L B20l9} BALZRE 20 JA = BEF Vol. 68, pp. 537-566, 1975.
S2i% FUTES FA0 7 ]_ T T DOI: http://dx.doi.org/10.1017/S0022112075001814
F2 AAska T 79 750l e RIS 1o
F 5 E% wBe 49 447 2 5979 §
Qe A4 519 o S Eoone 1 .
_ t 212
4y olei% WESE FNZHY A Ao g © T Voo Jeong) [E=IE]
A = | 020001 29 : ATt 7)1 F e
T 3 (FEAAR
= ©2006%1 8¢ : Purdue University,
=g
‘ IE, USA(&ghi}y
Azl A L 0069 89~ 20079 99
2 714 . PRISM Center, USA, Associate

Researcher
02007 9¢ ~ @A : IFHERET]
#AT AYATH

References <TA] ok
7 A5 2 Aed ZE AZA ], LA FE

[1] L. M. Brosseau, et al, “Dust cleaning: a review of
associated health effects and results of company and
expert surveys”, ASHRAE Trans., Vol. 106, pp.
180-187, 2000.

H & HkSoon-Bark Kwon) [H319]
[2] J. F. Hurley, et al., “Assessment of health effects of
long-term occupational exposure to tunnel dust in the 3 3
London Underground”, Research Report, 2003. 0199949 29 : FFHETEd (3
) B3 A2

[3] D. Park, et al., “Reduction of Particulate Matters Levels
in Railway Cabins in Korea”, Journal of Environmental
Health Science and Engineering, Vol. 38(1), pp. 51-56,
2012. ' ‘ 20041 49 ~ 20061 19 : Y&
DOI: http://dx.doi.org/10.5668/jehs.2012.38.1.051 ( AIST JSPSE2 &I

*2003d 2€ : I (3
73838} uHAh

[4] C. M. Ma, et al., “Chemical Properties and Source 020061 2¢¥ ~ & . I=FHLY]
Profiles of Particulate Matter ~Collected on an 279 Mol
Underground Subway Platform”, Asian Journal of
Atmospheric Environment, Vol. 9-2, pp. 165-172, June,
2015. <#AEok

AR, 3718, VAR, Aetea a4ne

[5] Y. H. Cheng and Y. L. Lin, “Measurement of Particle
Mass Concentrations and Size Distributions in an
Underground ~ Station”, Aerosol and Air Quality
Research, Vol. 10, pp. 22-29, 2010.

DOL: http://dx.doi.org/10.4209/aaqr.2009.05.0037

296



o] E2018 &

FYALYY M

1 A #l(Sangwon Ko) (A& ]

02003 29 : olsfol A3t}
21 sjeba} (shatala)

02012 1€ : Stanford University
(33;].6]-}1]—}\]_)

02012 8Y ~ @Al : FHHEY
£179 49979

<ghlRop>
/18, s

Bt ©f Al(Duckshin Park) [H33]

01995 8¢ : A3 tigtu sHA s
7:161—@‘/&]-)

o2003»ﬂ 84 : 3t gt}
7:161—@]—/&]—)

019956 1€ ~ &4 : d5EwY)

ST FAAT

718G, A7l dAlof

297




<<
  /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 <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


