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There has been an increasing interest in the collection of fine dust generated by
vehicle brakes ever since the significant decrease in emissions from the exhaust
system. Herein, we investigated the effective collection of brake fine dust by
applying a mini-cyclone. Numerical analyses of steady and unsteady flows for a
rotating disk were performed. When the disk rotation speed was 1000 rpm, the
brake cooling air exited the cooling passage at approximately 20 m/s and air flow
entered the cyclone inlet at approximately 7 m/s. At this inlet velocity, the vortex
flow in the cyclone was well developed, thereby indicating the potential of
efficient particle collection. Numerical analysis of transient particle flows for a
mini-cyclone was performed to determine the particle collection efficiency.
Results indicated that the particle collection efficiency exceeded 90% for particle

diameters exceeding 3 um. Therefore, the mini-cyclone can be effectively used
for collecting brake fine dust.

=

—

.M
Aol WASH mAHA] F H7)7kao] ZIE wARA
of2} 711 SATFAIR Qs A& Zaslol ek ST o
ofu} E#o]Z0) A sk BlAA] Tt FAIE glo] i)
Ao wgete olAEA|e] HFo] AtiHow F7iska glrtl,
w3t 22 5ol M7 A0A WSk BIAHA7L Huz A A
Wshe BRI Arks B3P} glo] B sl A0lA w
W Bl e FAPE AHE Aoz o
a7 | Aol ek wlAEA] % Bejol ulAlEA: B
o2 sl=o Aol nhdz Wast. Bejololy WAE o
AR e 9N Aol teg AshAZ B ohfet 37

rl

T
L
T

* Corresponding author. Tel.: +82-41-521-9261

E-mail address: ylee@kongju.ac.kr (Young Lim Lee).

142

Zoll vj4tE]o] 7] &0l P £t Bo]2 ulAHA| 9]
HEL BYola s=9] 24 A& wet Aol HAskA|TE 2
& A2o] T ZHslo] Yol Aol ZAE AW Azs
g 4 Yo,

A1 27X BEo] Ao A Aot t]AHAlo] et w2 At
7} o]F0ix Qlt}. SHA|FF THRE Q] A= tholu i FHoA]
HAgs njME A o] YA} Bzt JERLE YotH = Q50|
FZ 0|23 itk Sanders 58 =A F3 ol njAwHA|
o] Ask Hd AHL 6 um, 5 715 B AH4L 1-2 umo| L
Hhg&oluy HAH §71A4 2t tiH] AF4 glo]d o A
A] dggko] 3~4u] Wrtn Hustgw upiE uM AR 5 50%
£ 37 Zol IEHcka Busklth Mosleh P8 = 7o) 3


https://crossmark.crossref.org/dialog/?doi=10.7735/ksmte.2021.30.2.142&domain=http://journal.ksmte.kr/&uri_scheme=http:&cm_version=v1.5

Journal of the Korean Society of Manufacturing Technology Engineers 30:2 (2021) 142~147

o YA 271 2 F37F FAEl=u 9F 350 nmollA] A HA
W37} HEE YA 2~15 pmol A T WA 337 PAEHS Lot

W}, Kukutschova 52 48318 A34 g o] &3 By

o]= ttr AgoA oF 10 nm~20 pme] YA7 wAYstL ato]
32 A 4 Bk YR} 427F oF 1,0008) o4 Atk= AL
ottt E3F 2E 227t SV E Uie 27]9] YATE F7t
3&"%5 e *54”“:} Olﬂ"j T2 A7} o] R0l FATE o
of wet @2 AelE
E‘?_‘E}.

Bjo|= mlARA] 22
A AAZEES Agsta
Ejo|t}. Eo]= mAwA] 3
Hwang e §53i43} 7|2AHE B3 njhwxe] #iE B4
< AWEQYA o]F Bl F7F 5Eol R Qe F /A HAE
ERQlo] BEo]a HE]E A5t Hascoet and Adamczak!™
+ Beo|2 e FruA ZF3Ex 9 FEE ARgShH B
glo|Fol|A WAYsh= nAHAE A 71E 2| 85% XA 5
UTFAL H316kg) ‘:}

Ul*ﬂ‘ﬂxl%

A5 Q] A=A}
S3E oA 2 A
Ze] AES 95 Lee and

=
%‘Jl HA7HA] 38
ZAL =

(9]
o

2!

=
pe=t

S

o
rE

i}
a

rlo

>
ofo
£
-1
oX
2

3
S~
>
)
iy

o>
)

ille

o

ofo
ol
o

wzoll AAE 287} Qo]
=

A A olt}. kA5 Ato] 2
olste] HIHYAIE aTHoR 28] ofF)
of et Alo] 22 E2]7|E pre-filter 7H
ool YAE ZHGkA Umz] YAES
TEl9] AR W3S g71HoR Z7HAE
webd B QLo A= Souza S0]

L3 Byo]a n|qHAE ZAT 4 Q=R

i)
ol
ol
N
)
-0,

TL M o

(0] HE rE‘.

R TN
~
I

ru&a

£ 98] CFD (computational fluid dynamics)E &

o|Fol|A HAeh= WZHEol &7 AlFES ABAIL
2ol ek, DPM (discrete phase model)S AHE- 5]-01
Z=2o0| aytHo g Hyo|3 nNUxE ZHT

Ak

Q
HZ

2. TxlofA 2

Azo] Bejold AlAto] Al 22 A8
oA sk HIAIYA 22 A5 Fobi] 95 Ansys
Fluent'"2 AFg3to] 435S Aasteitt. Fig. 1(a)s B4

B A5 mE Ajeg ozt tadol 3

22
E

&3t3ie W BolA

9_
E

eEom 9

143

Cyclone

(a) Schematic of a steady-state model

Outlet
(escape)

Inlet (7m/s)

(b) Schematic of a transient model

Fig. 1 Schematics of the numerical models
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Fig. 2 Mesh systems
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Fig. 3 Velocity and pressure contours
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Fig. 4 Streamlines inside the cyclone
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Fig. 8 Number of escaped and collected particles with time
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Fig. 9 Collection efficiency vs. particle diameter

°$ 0.2 sﬁ}x]
‘“%J%* s 80%7} ZAEY. 2

o 04 7} A|L7 thsEo]

AEEe ek YA a7t

90% ooz =2 §85 HQ
1:]- zPo]—Zl/\E 01]]- :,1;7]3
717k 1 um oJsl7} =R =
JA+ 37171 Zrotd

o

=
A

&
=
1A

HU

_(
Lt rlo

rir

146

4. 8 B

=EoAE Beo]=oA g
ske WY & AIEE R
A8 A eAsAE B9
gl U oAHA] 2HaES FotHlth
ga3 374471 1,000 ppm W B
& F 20 m/sO]aL APO]EE YollAle
EQF APOIEE UIRY A fE0] &
a9 AIEES AL £
HI A3 AlslA] At Atol
el A AR 2 7sAde g

t
N p

=023
E

53 m ol 271 el e 21
22 Bojo] efo|2 ulAHA] %3] &}
Lejo} 7o) g BEl Belo] 4L

o] ATE 20199E HABAAUE Y AQ7|&H el
(KEIT) Q744] 2190l gt Q17:91(*20003782").

References

[1] Woo, S. H., Kim, Y., Lee, S., Choi, Y., Lee, S., 2020,
Characteristic of Brake Wear Particles under Various Test
Driving Cycles, J. Korean Soc. Atmos. Environ., 36:3 346-359,
https://doi.org/10.5572/KOSAE.2020.36.3.346.

[2] Timmers, V., Achten, P., 2016, Non-exhaust PM Emissions
from Electric Vehicles, Atmos. Environ., 134 10-17,
https://doi.org/10.1016/j.atmosenv.2016.03.017.

[3] Gonet, T. A., Maher, B. A., 2018, Magnetic Properties of Brake
Wear Emissions — Preliminary Results, 16th Castle Meeting
New Trends on Paleo, Rock and Environmental Magnetism,
39-40.

[4] Sanders, P. G, Xu, N., Dalka, T. M, Maricq, M. M., 2003,



Journal of the Korean Society of Manufacturing Technology Engineers 30:2 (2021) 142~147

Airborne Brake Wear Debris: Size Distributions, Composition,
and a Comparison of Dynamometer and Vehicle Tests,
Environ. Sci. Technol., 37:18 4060-4069, https://doi.org/10.10
21/es034145s.

[5] Mosleh, M., Blau, P. J., Dumitrescu, D., 2004, Characteristics
and Morphology of Wear Particles from Laboratory Testing
of Disk Brake Materials, Wear, 256:11-12 1128-1134,
https://doi.org/10.1016/j.wear.2003.07.007.

[6] Kukutschova, J., Moravec, P., Tomasek, V., Matéjka, V.,
Smolik, J., Schwarz, J., Seidlerova, J., Safitov4, K., Filip, P.,
2011, On Airborne Nano/Micro-sized Wear Particles Released
from Low-metallic Automotive Brakes, Environ. Pollut., 159:4
998-10006, https://doi.org/10.1016/j.envpol.2010.11.036.

[7]Lee, Y. L., Hwang, 1. S., 2020, Flow Analysis for the
Development of Automobile Brake Fine Dust Filter, Trans.
Korean Soc. Mech. Eng. - B, 44:4 245-253, https://doi.org/10.
3795/KSME-B.2020.44.4.245.

[8] Hascoét, M., Adamczak, L., 2020, At Source Brake Dust
Collection System, Results in Engineering, 5 100083,
https://doi.org/10.1016/j.rineng.2019.100083.

[9] Souza, F. J., Vasconcelos Salvo, R., Moro Martins, D., 2015,
Simulation of the Performance of Small Cyclone Separators
Through the use of Post Cyclones (PoC) and Annular Overflow
Ducts, Sep. Purif. Technol., 142 71-82, https://doi.org/10.1016/
j-seppur.2014.12.032.

[10] Ansys Fluent, 2015, V16, Ansys Inc.

147

Il Sun Hwang

Postdoctoral fellow in Sustainable
Eco-friendly Energy Center, Kongju National
University. His research interests are brake
filters and linear compressors.

E-mail: hisjj@kongju.ac.kr

Young Lim Lee

Professor in the Department of Mechanical and
Automotive Engineering, Kongju National
University. His research interests are brake
filters and linear compressors.

E-mail: ylee@kongju.ac.kr




