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Characteristics of Inflow and Outflow of Particulate Matters by
Train-induced Wind thought Natural Shift in Subway Tunnel
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Abstract The train operation causes a piston effect which generates train-induced wind affects the ventilation volume of
the natural ventilation system. This study measured the wind velocity and the concentration of particulate matter (PM) in
natural ventilation. In addition, the volume of natural ventilation at subway vent shift and the mass of inflow and outflow PM
by train operation were calculated. As a result of the study, the volume of inflow ventilation from urban to subway tunnel is
higher than the volume of outflow ventilation. However, the concentration of PM;, and PM, 5 in subway tunnel is about 1.7 to
2.6 times higher than the concentration in the city. Consequently, the mass of PM;, and PM, 5 is emitted from the subway
tunnel and affect urban air quality.
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Fig. 1. Schematic diagram of subway ventilation systems: (a) Natural ventilation system, (b) Mechanical ventilation system.
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Fig. 2. Schematic diagram of the location of the subway vent shafts between G and Y station of Line 2.
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Table 1. Specifications of the measurement devices and period of the measurement.

Measurement device

Specifications

Measurement period

Velocity senser
(Testo405i)

Measuring rage: 0~30m/s

Accuracy and Resolution: 5% and 0.01 m/s
Operative range: =20~ + 50°C

Sampling frequency: 1 Hz

Differential pressure
(Testo400)

Measuring rage: —=100~200 hPa

Accuracy and resolution: 1% (0~25 hPa) and
1.5% (25.1~200 hPa), 0.001 hPa
Sampling frequency: 1 Hz

Particulate number and
mass concentration, size distribution
(Electrical low-pressure impactor)

Size distribution: 14 stages

(Dsp*: 9.89, 5.37,3.66, 2.47, 1.63,0.91, 0.591,
0.315,0.169, 0.097, 0.051, 0.034,
0.019,0.014 and 0.006 um)

Flow rate: 10 L/min

Sampling frequency: 1 Hz

2021-09-13
15:20~16:20

*Ds: Impactor cut-off size, Aerodynamic diameter
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Fig. 3. Schematic diagram of the measurement points at the subway vent shaft #3.
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Fig. 4. Results of air velocity (magnitude) and Differential pressure measured though the subway vent shaft #3.
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Table 2. The result of velocity and particulate matter at vent shaft #3.

Velocity (m/s) PM; (ug/m?) PM, 5 (ug/m>)
Classification
Avg. Max Avg. Max Avg. Max
Outer Outflow 7.2%3.2 11.2 111.7+£15.7 155.2 63.9+4.5 709
u
Inflow 56+2.5 1.1 44.1+20.8 934 249+33 39.5
Inner Outflow 6.1+28 9.2 7521224 116.3 456+11.7 61.0
Inflow 6.2+34 124 39.0+14.5 86.8 26.2+3.7 42.2
RAQMS* - 33 - 10 -
*RAQMS: Road Air-Quality Monitoring Station near Y station
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Fig. 7. PM and Air velocity though the vent shaft #3.
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Table 3. The quantification of volume and mass of PM at the subway vent shift #3.

Total volume (m?)

. . Flow rate Total mass of Total mass of

Classification (m3/s) PM,o (Ma)* PM, . (mq)

This study Leeetal, 2014 10{Mg 25(Mg
Outflow (a) 31.7 666.7 49042 744 42.6
Outer Inflow (b) 24.5 1,0294 920.93 454 25.7
(a)-(b) - -362.7 -430.51 29.1 16.9
Outflow (a) 26.9 700.7 498.96 52.7 320
Inner Inflow (b) 27.3 710.0 1,245.09 27.7 18.6
(a)-((b) - -94 -746.13 25.0 134

*1 time of train passing at the subway vent shift #3
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