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The Study on Changes of Exhaust Efficiency and
Fine Particle Concentration at a Ventilation Opening
by a Air Curtain Flow in a Subway Model Tunnel
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Abstract

In this study, a new tunnel ventilation method with a high velocity air curtain flow has been investigated for
improving the ventilation exhaust efficiency and removing air pollutants in subway tunnels. At upper or lower
position right downstream of a main duct connected with a ventilation opening, air curtain flows were suppled into
the main duct where the air flow velocity was in the range of 2~ 6 m/s. Exhaust efficiency was monitored for both
cases with and without air curtain flow for different air velocities, locations and injection angles of the air curtain.
Particulate matter concentrations(PM 10, PM2.5 and PM 1.0) were also checked at both the main duct and ventilation
opening before and after supplying air curtain flows. Lower air velocity of the main duct flow, higher air velocity
of the air curtain led to higher exhaust efficiency and the air curtain condition of 30° inclined injection toward the
main flow showed the maximum exhaust efficiency. The exhaust efficiency of about 24% without the air curtain
could be improved to about 34% after using the air curtain flow. PM concentration decreased at the main duct and
increased at the ventilation opening after using the air curtain flow. Therefore, the suggested method to use air curtain
flowsin tunnels will be probably one of the promising tools to reduce air pollutants in subway tunnels.
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Fig. 1. (a) A tunnel ventilation flow pattern and its improve-
ment plans using (b) jet fans and (c) air curtains.
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Fig. 2. Change of particle concentration with time at dif-
ferent ventilation rates for a subway tunnel.
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Fig. 3. Experimental setup for this study.
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Fig. 4. Changes of (a) exhaust flow rate and (b) exhaust
efficiency with and without air curtain flow at dif-
ferent main duct flow velocities or flow rates.
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Table 1. PM concentrations with and without air curtain flow at different air curtain velocities.

Air curtain velocity 60m/s 80m/s
Particle conc. (ug/m®) PM10 PM2.5 PM1.0 PM10 PM25 PM1.0
Main duct W/o air curtain 1.96 x 10* 9.10x 10° 1.59x 10° 1.95x% 10* 8.99x 10° 1.61x 10°
W/ air curtain 1.56 x 10* 7.64x 10° 1.45x 10° 1.25x 10* 6.41x 10° 1.31x 10°
Ventilation W/o air curtain 7.37x 10° 4.44%x10° 1.11x 10° 4.83x10° 3.10x 10° 9.27 x 10?
opening W/ air curtain 1.62x 10* 9.21x 10° 1.85x 10° 1.42x 10° 8.87x 10° 1.82x 10°
1.2 1E+05
@ s @
= —m— w/oair curtain
n 1.0 % 8.E+04 -
g 08 \ 5 "E+04T Air curtain velocity: 80mis
= | Withoutair curtain (basis) 5 6.E+04+
o . |
& 06/ g SE0
% 8 4E+04:
[
S 04| g 3.E+04 -
° E 2.E+04 +
= =+ PM10
& 02 - PM25 LE+04F
Main duct velocity: 4m/s —— PM1.0 0.E+00 T Cee
00! . . . ) J 10 100 1000
0 20 40 60 80 100
Air curtain flow velocity (m/s)
5.E+04
35 .
Q. .
30| (b) & 4E+04
0 Vs g
~ o
o 25 2 3E+041
& S
g 20} g
= 8§ 2E+04f
‘g 15} %
§ 10 = E 1.E+04
s Without air curtain (basis)
& 05 0.E+00 ;
Main duct velocity: 4m/s 10 100 1000
OO L i L

0 20 40 60 80 100
Air curtain flow velocity (m/s)
Fig. 8. PM relative concentration changes at different air

curtain flow rates for (a) main duct and (b) ventila-
tion opening.

B4 SR W FHES) vARAE Aot &
Fol BlAsEE Foldgon AAAE F4E F
A W el Eae wls Sk A%
el =3 PM102] 2 3)x}r} PM25 4
o A YAurt dIAE Aol mE FHE
= B89 BT e B &) e S
!

54 e ol dlojAE] Q& W JAto

T 71832 A 27 A A 55

Particle size(nm)

Fig. 9. Particle size distributions with and without air
curtain flow for (a) main duct and (b) ventilation
opening.

23X 7} (Particle relaxation time) o] 71 &2 11X T
Hol ojal Aeke] B2 72 WAL Ehn T
= oz oyy olEsht ololAEE A4 o
% BYHE AAlstel Q¥ 2YAE BT

ﬂ“

O“La



A58 LA A ool E

3

To whe FeE) #7179 mAYA S
£ welFm Qe nlAYRe]) 4w BEE bi-moda

bl
M

EA& vERISIa 100nm o]3le] mA|{iA AlY
Al #71«1 MR 2 k= 2, 100nm o] Ao 9]
74 JS 11% Exlo) 28 AR nAHAZ Heal

o}, 100nm o] 3}e] Zm|A iabe o ofAE f-el
2 FE A7t A9] glglert 100nm o)) wiAl <)
Ao Aoy &7)7-9 WA FEe SV
3, FHES] uAHA] By ZF4stg) o) 18
8(a) 2 8(h)e] =7l we PM sx wale] ZAztel
= A3 wetA el AES ﬂ%ﬂtﬂ B Wy
T g A 24 F=T M 3

R

— o ==
447 B9 oheh 2998 B WAE BT %
Fole] wzgoey Fo=c BN ogiynE

ARz Fan 4 9l sl

.43 =
2 A7 TAEYGIA dlolAES Hastel
S= e el g, 2 9L A &
77 71 Eg W AAEe] Weh B4 Tebsle,
9 Aol BN E Fa) ASE B 228l Wl
& PP 2BAE Agshe wkke A9
TR B AME B 4TS 59 ohe) e 2
=g 2% 4 AN
(W) AR §5& FHES B30} 449 a7
polA FFE o, FYES fgo] A4S
AL frde] w&is olelAEe] o@
7% g w3} $4se ol EE A
Furks G 45 B wtgen A%

W g mSh Seigen of
0 2wz FYL 9 A w3 e A
= ek e FeI=e) 4 4l

A AE f-< 80m/s 2710l 30°¢) EAM =
o] AEL Fa)almw 7|22 oo]AE] 9le w

o) W) 7) Eg 24%2 34%7HA] AN 4= glelct.
() clIAEL] FUZ =7} 30° o] Ao A o] AE

fgol FHES §59 B1F AYE Yol
W7 g ASh A e SERE BHE

EEH 01-

& qlsih

(@ NAAE 9 frdo] WESS FHES A

< o] & U7 wivlaE

2 uAA s i Q7 62l

l

A e dasidn 179 AU S
271519 o oA R &1 WA 5w W3 w3}
S YAt 248 e 1000 olgjs] &
m R A gl ool TN oI B W
w27} A9 vehiA] °}°Lc}

@ 47 334 03

L;_ WA= 5}7] 2
o oREAE APAY 4+ ASE AT 4 o

.

2 AFe FEI SR A=Ak
o] Agu] Aol 23] = HAH (09 vl =A]
9% A-01)

-

#a=d

Choi, HW., 1.J. Hwang, S.D. Kim, and D.S. Kim (2004) Deter-
mination of source contribution based on aerosol
number and mass concentration in the Seoul subway
stations, Journal of Korean Society for Atmospheric
Environment, 20(1), 17-31. (in Korean with English
abstract)

Jung, H.-J.,, B. Kim, S. Maskey, J.-C. Kim, J. Sohn, and C.-U.
Ro(2010) Source identification of particulate matter
collected at underground subway stations in Seoul,
Korea using quantitative single-particle analysis,
Atmospheric Environment, 44(19), 2287-2293.

Kim, S.D., JH. Song, and H.K. Lee(2004) Estimation of train-
induced wind generated by train operation in subway
tunnels, Korean Journal of Air-Conditioning and
Refrigeration Engineering, 16(7), 652-657.

Lee T.J, JS. Jeon, SD. Kim, and D.S. Kim (2010) A compar-
ative 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), 469-591. (in
Korean with English abstract)

Sim, SH., Y.S. Kim, H.S. Kim, C.M. Lee, SK. Leg, and Y.M.
Roh (2006) Emission rate estimation for the volatile

J. KOSAE Vol. 27, No. 5(2011)



A%

622

o

e CAEA AR A4 - AEE

ey

organic compounds (VOCs) in newly constructed
apartments using a mass balance model, Journal of
Korean Society for Indoor Environment, 3(3), 247-
259. (in Korean with English abstract)

Song, D.K., B. Han, SH. Jeong, W.S. Hong, W.H. Shin, H.J.
Kim, SH. Sim, and Y.J. Kim (2009) Ventilation con-
trol characteristics of train-induced wind by changing

= 71832 A 27 A A 55

injection angle of air curtain, Proceeding of the Fall
Conference of KOSAE, Kunsan University, 566-
567.

Tabarra, M., D. Abi-Zadeh, and S. Sadokierski (2004) Design
of amodern subway ventilation system, Tunnels &
Tunnelling International, 36(11), 48-50.



