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Abstract: The subway is a major public transportation system, but limited ventilation allows metallic fine dust
from train operation to persist and spike to high levels. Conventional ventilation and filter collectors are hard
to control in real time and require high maintenance, limiting effectiveness. We propose a smart dust
collection system combining a cyclone with rotating electromagnets powered by regenerative braking energy.
The cyclone removes non-magnetic particles, while electromagnets capture magnetic dust. Sensor-based control
adapts to airflow and dust levels. Installed beneath subway cars, the system improves air quality with energy
efficiency and low cost.
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Fig. 1 subway tunnel ventilation system®
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Fig. 2 Cyclone grade efficiency curves, high efficiency standard design and optimized design
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Domain Extents: x-coordinate: min (m) = -1.337256e-01, max (m) = 6.062500e-02 y-coordinate: min (m) =
-1.250000e-01, max (m) = 1.514082e-01 z-coordinate: min (m) = -3.187174e-01, max (m) = 2.308639¢-01
Volume statistics: minimum volume (m3): 8.079360¢-13 maximum volume (m3): 1.162098e-06 total volume

S~

(m3): 4.644032¢-03 Face area statistics: minimum face area (m2): 1.722462e-14 maximum face area (m2):
2.545623e-04 Checking mesh.........cccceeevvevveciereeennnenns Done.

Mesh Quality: Minimum Orthogonal Quality = 8.58977e-02 cell 3467 on zone 125 (ID: 81655 on partition:
2) at location (-5.43219e-02, -3.12492e-02, 1.61440e-01) Maximum Aspect Ratio = 6.65065¢+02 cell 3467 on
zone 125 (ID: 81655 on partition: 2) at location (-5.43219e-02, -3.12492¢-02, 1.61440e-01)
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Fig. 4 CFD of static pressure in cylcone dust separator
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Fig. 5 CFD of volume flow rate in cylone dust separator
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Particle Reynolds Number -
EdES ZICH
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Ansys
2025R1
STUDENT
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Fig. 7 ColorMap of static pressure

npx]uko 2 A k(static pressure) w3 A Wo R FHI AL 7 H(Particle Trace)S w24]sHH Alo]Z
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IAHT FAE FFoE wAbE G, FHOR BB I gofo] wuste] F@ Aol 2
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W oHsE vz ek A4S st 59 dum £E0) A VAYAE 37 P ggon (94
deot mgol BAECh FPW, A FEE, §5 2 49 w4 TS, 1elw fF T
2 AZeh Avt BE 2 A g TR HelFuh

262 71 MA
oA 7k e P et 3 A4 1 A4 AL £PL
HighhBifcency J| ASIHE DA, AR A% Sl FITE 01890
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A, A, AT 43S o)FE LFUFES 6061-T6E AEsi FAE 2 mmE slom Y &
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o7 79l 9

Fig. 8 3D modelig of rotating magnetic-based cyclone seperator Fig. 9 3D modeling of outlet pipe

A, frE AT R AR Y 5 O
gWolth, 2 oo

High Efficiency Stairmand Aol EE 7]+ W4, 94x =2
T FoAEE addte]l gl HAAHEE AAE dEAHA EFE Al E
=z A

A 3um o]Ae] WHAE gy oz A7 $18] High Efficiency Stairmand 84S A8t A A
of Wheddt X4 W& Fig. 113 #rh
2.6.3 CAD AH
-b-—l |~De
gs
1
I ! s
a ] \
{ ]
\,_/'—i”
feem \\J
H
Source Recommended duty D a/D b/D De/D S/D h/D HID B/D

STAIRMAND (1951)  High efficiency 05 02 05 05 1.5 40 0375

1
Swrrr (1969) High efficiency 1 044 021 04 0S5 14 39 04
LaPPLE (1951) General purpose 1 05 025 05 0625 20 40 025
Swrrt (1969) General purpose 1 05 025 05 06 175 3.75 04
STAIRMAND (1951)  High throughput* 1 075 0375 075 0.875 1.5 40 0375
Swrrr (1969) High throughput 1 08 035 075 08 17 37 04
G b=
0

Fig. 10 Dimensions of cyclone seperator Fig. 11 Comparison of different shape of cyclone seperator
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Fig.109} Fig 11.& stairamand 2] Alo]E2 AX7] o] ##As =24 AW S|}, o5 Far
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a=S=60.625mm
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Fig. 13 3D modeling of inlet louver
&5 ALtsl7] 98 9GAF S Al A S5 aeEte] Hit FEE £EE 30km/h(=8.33m/s)E
3o inlet?} & X9 ¢E ZAE Ap=500

I
£
F30, 293 0 el fold 2% 4A A Az
Pas 7H4 gttt ol& aelste] w2 o] WA A& WA AS AEsHH T, inlet, outlet &% Y
A S ohEd 2ol ANE & Qh
Ap= —p( oi— Vign), o= 123kg/m’ (3719 A=) (1
Aom‘ I/vom‘ = A7H—TL—‘?'— V7H—TL—‘?'— (2)
Aom‘ Vz-)m‘ Am 17m (3)

PN

(D,(2),3)& T3l V,,=29.71m/s, Ayps =0.0103m", V,, =58.34m/s U& 7 & Ur}.
N5 8.33m/s, inlet: 58.34m/s, outlet: 29.71m/s

ANE AP GRS S$ustn sl Fa A AT 5 b 9% F4 dafel WA
g 2FER 3992 AR

Fig. 14 3D modeling of overall cyclone seperator include housing
871¢] H7)el & FAE 4T o S FA &, AL ARFE 2Ll 7] 1717 Aol E
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Fig. 15 Connection of cyclone seperator

AR H&E A8t sH-o] fraFel dig J7)17F F4e F2Fe HE Aol f&o] AekH s
B gy £x8 gomz 7 ¥&(CR, Collection Ratio)S A& a4y @iy} 7j4-5 chda =z o] u| 2
d<esteltd JR7] 87 HE, s 71E WAl 3x0.9m% =27 Y W B H&e ¢F 3.05%0°|t}. o]
© Aol AA W2 EE 100% 7HE sl AT Bbolw Al $HelAE T, vl 43 @3
fre v dAd Fol wep &A% dabd ¢ vk add®E AR ] wAF S g7 de] AR 3
4 ZwolA fo)vsity

CR=100x — 29 _ g0 e X Ve 00 Ange g0 8X0.0108m 3.05% (4)

Qx5 252 Agn X Vagn Agn 3 % 0.9m°

24w JRs gt 2 A @A el ﬁx}/—‘ig 3—7], z].ﬂe_ﬂ' BARE 7IeewE A
Eagith. AAA S Aol 2 &
el A ﬁﬂ"—‘ié Adegsielot. xS ARy o5 85 HX]O}"% 3] Aol
st Aol FFIMA A JAY 3HE FESTE AAA L inlet vkE ol wlX|3o] outlet
2 WEEds A4 U]‘ﬂodx]'oﬂ s A7l e] AA AEstes AAS .

Alo]E 2 T A A] Stokes F7F w9 2 A vl AIGAGum Y AFe] ¢ Stokes = 0.0089)

E #E2 A Qi elez ddEnost vl mdel Bahn WERE ogas F97
WG A o F FAE RS BE: FHYOR AUk AFE YR F5S me of
ok A4 Aol 47142 ks dAt ww wgom NgHn A% wws FEsel 419
gtgo] AA S7e
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Fig. 18 Figure of gear bearing
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Fig. 22 Control of Electromagnet Rotation Speed by Wind Speed Sensor
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Table 3 Electromagnet Effect on Dust Collection Efficiency at Different Wind Speeds

wind speed without electromagnet with electromagnet rotating electromagnet
4.1m/s 73.3% 83.6% 92.9%
8.2m/s 75.2% 84.2% 93.3%
12.3m/s 79.8% 87.0% 94.6%
100 100
95 % : =
an : a0
85 o5 .___’_,__‘——-’"
20 a0
——12.80/s ,
ey | LHOLE
70 70
ey | £ 11
55 65 s—rptating
G0 60
withmit with rotating 4, 1mfs &.2mfs 1Z.3n/s

Fig. 24 Effect of clectromagnet on Dust Collection Efficiency at Different Wind Speeds
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Fig. 26 3D modeling of cyclone dust collector  Fig. 27 actual model of cyclone dust collector
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