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Abstract—The Platform Screen Doors improve Indoor Air Qualit
(IAQ) in the subway station; however, and the aialiy is degraded

Sang-Hyun JeoryPong Joo Song

An installation of Platform Screen Doors (PSDs)tlme
stations improves the ventilation systems and @mddioning.

in the subway tunnel. G@oncentration and indoor particulate mattefrne PSDs reduce noise and wind blasts caused tayraaind

value are high in the tunnel. The IAQ level in salgMunnel degrades
by increasing the train movements. Air-curtain aflstion reduces
dusts, particles and moving toxic smokes and pernmdffic by
generating virtual wall. The ventilation systemstu subway tunnel
need improvements to have better air-quality. Nucakranalyses
might be effective tools analyze the flowfield ihsithe air-curtain
installed subway tunnel. The ANSYS CFX softwarased for steady
computations of the airflow inside the tunnel. Birggle-track subway
tunnel has the natural shaft, the mechanical staaiti the PSDs
installed stations. The height and width of thenteirare 6.0 m and 4.0
m respectively. The tunnel is 400 m long and theaitain is installed
at the top of the tunnel. The thickness and thetwad the air-curtain
are 0.08 m and 4 m respectively. The velocity ¢ #ir-curtain
changes between 20 - 30 m/s. Three cases are edagpending on
the installing location of the air-curtain. The charged-air through
the natural shafts increases as the velocity ofiheurtain increases
when the air-curtain is installed between the mewsh and the
natural shafts. The pollutant-air is exhaustedieymechanical and the
natural shafts and remained air is pushed towandeiuend. The
discharged-air through the natural shaft is low nvkige air-curtain
installed before the natural shaft. The mass flate decreases in the
tunnel after the mechanical shaft as the air-aunelocity increases.
The computational results of the air-curtain idsthitunnel become
basis for the optimum design study. The air-curtastalling location
is chosen between the mechanical and the natuafissiihe velocity
of the air-curtain is fixed as 25 m/s. The thickhesd the blowing
angles of the air-curtain are the design varialidesthe optimum
design study. The object function of the designiroiation is
maximizing the discharged air through the natunalts
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|. INTRODUCTION

UBWAY occupies most of public transportation in th
major cities.
ventilation systems.

Kyung Jin Ryu is with School of Mechanical Engiriegr Yeungnam
University, Gyeongsan-si, 712-749, South Korea gkm
angelus999@ynu.ac.kr).

Makhsuda Juraeva is with School of Mechanical Eegiimg, Yeungnam
University, Gyeongsan-si, 712-749, South Korea ékm
mjuraeva@ynu.ac.kr).

Sang-Hyun Jeong is Korea Institute of Machinery Btaderials, Daejeon,
South Korea

Dong Joo Song is with School of Mechanical EngiimegrYeungnam
University, Gyeongsan-si, 712-749, South Korea r@sponding author to
provide phone: +82-53-810-2449; fax: +82-53-810#62 e-mail:
djsong@yu.ac.kr).

Subway environment requires efﬁden&omputational

improve safety and comfort within the platform eowviment
[1]. The subway tunnel has much higher @0ncentration and
indoor particulate matter value than the platfofthe PSDs
degrade the air quality in tunnels while reduciegtiation by
the train-induced airflow. Proper ventilation iseded to
maintain good Indoor Air Quality (IAQ) in subwayniel. The
factors for the subway tunnel 1AQ are classifietbithree:
ferrous, outdoor source and soil related. The syliuanel has
higher ferrous related concentration than the @tatf [2].
Air-curtains are installed at the doorways of bimfgs and
enclosures to improve ventilation systems. Air-gumrt
installation saves energy in public buildings aretuces
chemical species, dusts and radioactive parti@gsThe fine
dust which makes the 1AQ worse is frequently tramsgd into
platform by subway trains [4]. In underground tusne
air-curtain reduces the moving toxic smokes andhjsrtraffic
and transportation. Air-curtains are mainly usecearergency
situations such as fire conditions [5]. The purpasethis
research is to understand the flowfield inside dlirecurtain
installed single-track subway tunnel. The subwagnél is
simulated and analyzed by using ANSYS CFX softwéie
Numerical results help to find the optimum venidatsystems
for the subway tunnel to protect the subway envirent.

Il. NUMERICAL ANALYSIS

A. The computational domain and grid of the single- track
subway tunnel

The single-track subway tunnel is assumed to laggsir. The
computational domain of the subway tunnel is fldoimain.

he domain is computed without the train runs. The
domain of the single-track subwaynainis
shown in Fig. 1 a). The tunnel has single tracg,rhtural shaft
and the mechanical shaft. The tunnel is 400 m I6r@m high
and 4.0 m wide. The PSDs installed station is 126ng. The
natural shaft is installed at 50 m from the statwdmle the
mechanical shaft is 120 m from the station. Thecaitain is
installed at the top of the subway tunnel. Thekihgss and the
length of the air-curtain are 80 mm and 4.0 m respely. The
design of air-curtain depends on the installatiom and on the
size of the opening [7]. There are some zonesdithjet of the
air-curtain depending on the height of the air-&iurinstalling
location and the velocity of the air-curtain. Thaye the
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potential core, the transition, the developed dmdimpinging
zones.

a) The single-track subway tunnel without the train

Air-curtain

installing location Tunnel top

Train-wind direction Tunnel bottom

—

b) Generated grid around the air-curtain (side yiew
Fig. 1 The computational domain and grid

The computational grid is generated by structured. g
Dense grid is distributed around the wall of thenei and
around the air-curtain as shown in Fig.1 b). The¢emrmal
ICEM-CFD software combines the graphical user fats for
all the separate geometry, meshing, includes sainfia@deling
and grid generation including hybrid grids. The pomational
grid is generated by structured grid of ICEM-CFeTgrid is
distributed along three axes. A grid validation dstuis
performed to make sure that the computed quantdies
properly converged. Dense grids are generatedtheavall of
the tunnel. The grid size in the tunnel lengtheste between
0.001 - 0.5 min Z direction. In the cross-sectidrihe tunnel,
the grid size is between 0.001 m - 0.05 m in X ¥rdirections.

B. Analysis: The computational tools and Turbulence model

computational resources, and the amount of computine
available for the simulation. The computationaluits are
obtained using parallel PCs (Cluster system: Cofguad 2)
running Linux operating system.

C.Boundary and simulation conditions of the computational
domain

The working fluid of the domain is an air at the’Q%of

temperature under atmospheric pressure conditiciiabatic
wall boundary condition is used for the tunnel badyshown in
Table 1. All walls are treated as viscous adiatmtifaces with
a no-slip velocity condition. Opening conditionse aait the
natural-shaft and at the ends of the tunnel. Massrhte is 64.5
kg/s at the mechanical shaft as outlet boundargiton. The
air-curtain velocity changes between 20~30 m/s. fldwfield
is analyzed by steady state without the train rdine velocity
of the train-wind in the tunnel station is 4 m/s.

TABLE |
BOUNDARY CONDITIONS OF THE SUBWAY SINGLETRACK TUNNEL
Boun.d‘ary Location Value
condition
Air-curtain, 20, 25,30 m/s
Inlet Tunnel end (Station)
Outlet Mechanical shaft 4 m/s
tunnel end, 64.5 kg/s
Opening Natural shaft exit,
0 Pa
wall tunnel body,

[ll.  RESULTSAND DISCUSSION

A.Theinstalling location of the air-curtain in the
single-track subway tunnel

The IAQ level in the subway tunnel degrades byedasing
the frequency of the train operation and the nurolbéne train.
The air pollutants and fine dusts in the subwaynélirare
frequently transported into the station and thentrair-
curtains reduce the moving toxic smokes, dustspandide a

ANSYS CFX software consists of Workbench, CFX-Predynamic barrier in the subway tunnel. The tunngliiees more
CFX-Solver and CFX-Post. The ANSYS Workbench presid Ventilation systems to keep the air quality clearhe

the geometry, modifies the geometry read-through flmmats.
Standard two-equation turbulence models oftentfajredict
the onset and the amount of flow separation undeerae

pollutant-air is pushed toward the stations by titaén-wind.
Dispersion of gaseous pollutants is dominated bg
train-induced airflow in the tunnel. The pollutanere

pressure-gradient conditions, while the lbased Shear Stresstransported along with the airflow around the mgvinain.
Transport model was designed to give highly aceuraBigger particles fall back to the ground rapidlyiletthe fine

predictions of the onset and the amount of flovasafion under
adverse pressure gradients by the inclusion ofpran effects
into the formulation of the eddy-viscosity [8]. Thime

derivative terms are discretized for time accuransteady
computations. The choice of the turbulence modpkdds on
considerations such as the flow physics includirgsive flow
separations, the established practice of a speclfiss of
problem, the level of accuracy required, the abddla

particles remain floating in the air. The pressdiference
formed by the moving air around the train liftsefiparticles.
Air-curtain installation saves energy in public Idiigs and
reduces chemical species, dusts and radioactiveclpar[3].

Air-curtains are installed at the doorways of binifgs and
enclosures to reduce air transfer across air agtdihis study
helps to find proper air-curtain and the installiogation of the
air-curtain in the existing tunnel.
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TABLE Il
THE LOCATIONS OF THE AIRCURTAIN FROM THE NATURAL SHAFT

CaseJ
P

Station Natural shaft

Case 1 35 m from the Station (15 m before the Mdagivaft)

Mechanical
shaft

Case 2 Case3 ‘

Case 2 15 m after the Natural shaft

Case 3 30 m after the Natural shaft

Table 2 shows three cases depending on the ingtalli

location of the air-curtain in the tunnel. The airtain is
installed at the top of the tunnel 15 m beforertatural shaft in
Case 1. The air-curtain is installed at the topthef tunnel
between the natural and mechanical shafts in athses. The
air-curtain is at 15 m after the natural shaft as€ 2 while at 30
m after the natural shaft in Case 3. The desigriedudain
dimensions for load are chosen as the thicknessvatld of the
air-curtain are 0.08 m and 4.0 m. The velocityhef air-curtain
changes between 20 ~ 30 m/s. The design of aigiowiepends
on the installation site and on the size of thenomg[7]. There
are zones of the air-jet of the air-curtain depegain the height
of the air-curtain installed area and the velocity the
air-curtain. The air-curtain effect is computed hwithe
train-wind velocity of 4 m/s at the tunnel statidrhe subway
tunnel is computed without the air-curtain to conepghe
efficiency of the air-curtain. Figure 2 shows thenterline
velocity distributions of the air-curtain from thep to the
bottom of the tunnel when the air-curtain and ttantwind
velocities are 20 m/s and 4 m/s, respectively iseCh. The
potential core of the air-curtain is around the g&v3rom the
bottom. There are the transition, and the impinghumes
around 4.3 m and 0.3 m from the bottom of the tynn
respectively. The injected-air from the air-curtaannot reach
the bottom of the tunnel when the train-wind vetpcivake
flow behind the train is 4m/s.

== 6 m= top of the tunnel
— === 5m, from the bottom
— = 4m, from the bottom
od | =
»»»»»»» 2 m, from the bottom

= 1 m from the bottom

— 3 m, from the bottom

15

Velacity, m/s

=¥ -0.5 0.5 1 15 2 25 3

Air-cdrtain

center Length, m

a) Air-curtain velocity at the center of the tunirell.- 6 m from the
bottom of the tunnel

Velocity
Streamline

25.161 6m ‘

Tunnel top

- 18.883
|

| 12.605
6.327

0.049
[m s”-1] im

Tunnel bottom

b) Velocity streamline of the air-curtain and hegbf the tunnel
Fig. 2 The velocity distribution of the air-curtaof Case 3

B. The air-curtain influence at the natural shaft and at the
tunnel after the mechanical shaft

The single-track subway tunnel is computed withthe
air-curtain to investigate the effect of the airtain to the
discharged-air through the natural shaft and atuhael after
the mechanical shaft. The tunnel aerodynamics deitiisthe
performance of the ventilation systems and a tand inside
the tunnel. The induced airflow delivers and exdesnthe air
between the stations and the tunnel. The amouskciiange
between the tunnel air and the station air inflesnsubway
environment significantly, including humidity and@. The air
exchange implies the demand of the ventilationtffier tunnel
pollutant-air. The ventilation system in the subwags an
important function to discharge pollutant-air frahe tunnel.
The pollutant-air is discharged through the natwmad the
mechanical shafts. The mass flow rate through teehamical
shaft is about 64.5 kg/s. The pollutant-air inside tunnel is
discharged using axial flow fans of the mecharstaft. Table
3 and 4 show the mass flow rate at the naturat shafafter the

€

mechanical shaft, while the train-wind and the cairtain

velocity is 4 m/s respectively. Positive mass flelows the
fresh-air enters into the tunnel, while negativessnidgow shows
the discharged-air. The fresh-air enters into thmel through
the natural shaft instead of pulling the airflowide the tunnel.
The mass flow rate after the mechanical shafigh ks shown in
Table 4. Figure 3 shows the velocity distributi@ighe tunnel
with and without the air-curtain of Case 3. Theunalt shaft
discharges the airflow due to the train-inducediair. The

discharged-air through the natural shaft increasben the
air-curtain is installed in the tunnel.

TABLE Il
MASS FLOW OF THENATURAL SHAFTS WHEN THE VELOCITY AND LOCATIONS OF
THE AIR-CURTAIN ARE CHANGED AND THE TRAINWIND VELOCITY IS 4 M/S

Air-curtain velocity, (m/s)

Mass flow,

(kg/s) 0 20 25 30
Case 1 8.66508  -4.15521  -4.10521 1.14103
Case 2 26.4825  -32.0419  -33.8802
Case 3 315225  -35.0709  -38.6931

% Negative implies the discharged air from the tunne
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TABLE IV
MASS FLOW OF THE TUNNEL AFTER THE MECHANICAL SHAFT WEN THE
VELOCITY AND LOCATIONS OF THE AIRCURTAIN ARE CHANGED AND THE
TRAIN-WIND VELOCITY IS 4 M/S

Air-curtain velocity, (m/s)

Mass flow,

(kg/s) 0 20 25 30
Case 1 55676  50.0302  -51.9663  -59.1001
Case 2 277085  -24.0449  -24.1022
Case 3 222649  -205122  -18.68632

The mass flow rate at the exit of the natural shafl the
tunnel after the mechanical shaft are given in &ald and 4.
The discharged-air through the natural shafts as®e as the
velocity of the air-curtain increases. The discledrgir is lower
in Case 1 than other cases. The mass flow rateage G is
higher than that in Case 2. The jet-air from thmecartain cannot
reach the bottom of the tunnel due to the traindwibhe mass
flow rate decreases in the tunnel after the mechhshaft as the
air-curtain velocity increases as shown in Table The
pollutant-air moves toward the tunnel and enteistine station
platform area as PSDs open. The stations needirtligiality
improving tools such as electrostatic precipitatanscurtain, a
barrier, and etc. [9], [10].

Velocif

Streamline
4.032

3.038

2.043

Train-wind direction

a) Velocity of the air-curtain is 0 m/s

Velocity
Streamline

30.780
23.085
15.390

7.695-

0.000
[ms™1]

b) Velocity of the air-curtain is 30 m/s

Fig. 3 Velocity streamline in the tunnel when ttedocity of the
train-wind is 4 m/s

C.Proper dimensions and installing location of the
air-curtain in the single-track subway tunnel

The computational study of the air-curtain insl&ibway
tunnel provides important results for the optimuesign study.
The design parameters for the air-curtain desiga e
thickness of the air-curtain, the height of thenin static
pressure difference around the air-curtain sudh@sipstream

2517-9950
No:3, 2012

and the downstream static pressures, the train-vélatity rate
in the tunnel, and the blowing angle of the airtaum
Dimensions of the air-curtain designed for the raathel are
used in this study. The velocity and the thickne$sthe
air-curtain must be higher and thicker for the istdial
applications. Figure 4 shows velocity distributiosfsCase 3
when the air-curtain and the train-wind velocities 25 m/s and
4 m/s, respectively. The air-curtain covers tog pathe tunnel
as virtual wall. The velocity of the air-jet frornet air-curtain is
important variable to cover the cross-section efttimnel. The
thickness and the blowing angle of the air-curtgith be the
design variables for the optimum design study. [bhation for
the air-curtain installation is chosen as the lotabf Case 3
[11]. The velocity of the air-curtain is fixed ab2n/s. The
object function of the optimization is maximizinghet
discharged air through the natural shaft.

Velocity

Air-curtain

Train-wind direction =3 Tunnel bottom

Fig. 4 Velocity contour at the center of the turmbEn the air-curtain
and the train-wind velocities are 25 m/s and 4 (@&se 3, side view)

IV. CONCLUSIONS

The air-curtain installed single-track subway tunne
investigated for the IAQ by analyzing the airfloveHaviors
inside the tunnel. The ventilation systems of thievey tunnel
need improvements to have better air-quality. Nicaér
analyses are required to understand the air-cuiteatalled
subway tunnel and to improve the ventilation perfance of
the tunnel. The analysis of the subway tunnel ifopmed by
solving Reynolds-averaged Navier-Stokes equatiohke
airflow inside the single-track subway tunnel isguted by
using ANSYS CFX software. The tunnel has the natshaft,
the mechanical shaft, single-track and the PSDalled station.
The height, width and length of the tunnel are &m and 400
m while the thickness and width of the air-curtaia 0.08m and
4m. The air-curtain is installed at the top of thanel. Three
cases are analyzed depending on the installindidwcaf the
air-curtain. The air-curtain velocities are 20,82 30 m/s. The
pollutant-air is exhausted by the mechanical arel nhtural
shafts. The discharged-air through the naturatshadreases as
the velocity of the air-curtain increases in Cadeand 3. The
discharged air is lower in Case 1 than in otheesashe mass
flow rate in Case 3 is higher than those of otlasies. The mass
flow rate decreases after the mechanical shafieaselocity of
the air-curtain increases. The thickness and thibb angle of
the air-curtain become the design variables forapgmum
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design study. The installing location of the airtain is chosen
as the location of Case 3. The velocity of thecaittain is fixed
at 25 m/s. The object function of the optimizatistudy is
maximizing the discharged-air through the natuhnalfts
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