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The aerodynamic performance of air-shafts with different inner
diameters in the railroad tunnel

Dong-Hyeon Kim, Bu-Byoung Kang and Min-Ho Shin
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Abstract

Purpose of the present study is to investigate the aerodynamic performances of air-shafts with
different inner diameters in a single track tunnel for reducing pressure fluctuations and micro pressure
waves. Three configurations of air-shafts with different inner diameters were examined for comparison
of aerodynamic performances. Experiments were performed with a 1/61-scale moving model rig for the
tunnel of 0.764 km length and the train of 4 cars per 1 unit. The results showed the reduction effect
of the maximum pressure fluctuations in tunnel and micro-pressure waves radiating towards the
surroundings from the tunnel exit according to the increase of the diameter of 10 air-shafts spaced
equally.
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Fig. 1 Schematic of moving model experiment
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Fig. 2 Front view of tunnel model with air-shafts
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Table 1 Specifications of the tunnel

Items Specifications
track single
Cross-sectional area 28 m
Perimeter 21.17 m
Length 764 m

Table 2 Specifications of the train

Items Specifications
Cross-sectional area 9.8 m*
Perimeter 12.08 m

Train configuration 4 car 1 train
Overall length 943 m
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Fig. 4 Photograph of experimental set with
¢ 35 mm air shaft
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Fig. 5 Pressure fluctuations in tunnel for the
different air-shaft diameters for train entry
speed 180km/h and x, = 1.115 m
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Fig. 6 Pressure fluctuations in tunnel for the
different air-shaft diameters for train entry
speed 180km/h and x, = 3.910 m
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Fig. 7 Pressure fluctuations in tunnel for the
different air-shaft diameters for train entry
speed 180km/h and x, = 12.257 m
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Table 3 The effects of air-shafts with different inner diameter on absolute values of pressure
fluctuations in tunnel at different positions for train entry speed 180 km/h

Absol val f pressure fluctuation: .
o olute values of pre u S Reduction

. Max. peak
Conditions 1115 m | 3910 m | 8090 m | 1048 m | 12257 m 1zs effects
vaiul

Without air-shaft | 2254 Pa | 2544 Pa | 2303 Pa | 1931 Pa | 1163 Pa | 2544 Pa | reference

Air-shaft inner
. 2133 Pa | 1912 Pa | 1567 Pa | 1488 Pa | 1028 Pa | 2133 Pa 162 %
diameter 16 mm
Air-shaft inner
diameter 25 mm

Air-shaft inner

1976 Pa | 1682 Pa | 1363 Pa | 1262 Pa | 843 Pa | 1976 Pa | 223 %

. 1816 Pa | 1432 Pa | 1035 Pa | 845 Pa | 581 Pa | 1816 Pa 286 %
diameter 35 mm

Table 4 The effects of air-shafts with different inner diameter on absolute values of pressure
fluctuations in tunnel at different positions for train entry speed 150 km/h

Absolute values of pressure fluctuations p
Xp — Reduction
. Max. pe

Conditions 1.115m | 3910 m | 8090 m | 1048 m | 12257 m ) P effects
values

Without air-shaft | 1640 Pa | 1823 Pa | 1596 Pa | 1323 Pa | 732 Pa | 1823 Pa | reference

Air-shaft inner
. 1508 Pa | 1313 Pa | 1074 Pa | 1018 Pa | 658 Pa | 1508 Pa 173 %
diameter 16 mm

Air-shaft inner

. 1421 Pa | 1214 Pa | 971 Pa | 874 Pa | 572 Pa | 1421 Pa 2.1 %
diameter 25 mm

Air-shaft inner

1232 Pa | 998 Pa | 887 Pa | 808 Pa | 569 Pa | 1232 Pa 324 %

diameter 35 mm

Table 5 The effects of air-shafis with different inner diameter on absolute values of pressure
fluctuations in tunnel at different positions for train entry speed 110 km/h

Absolute values of pressure fluctuations .
Xp Reduction

o Max. peak
Condition3 1115 m | 3.910 m | 8.090 m | 10.48 m 12257 m| 1 PeaX)  effects
values

Without air-shaft | 961 Pa | 1034 Pa | 864 Pa | 712 Pa | 335 Pa | 1034 Pa | reference

Air-shaft inner
diameter 16 mm
Air-shaft inner
diameter 25 mm
Air-shaft inner
diameter 35 mm

816 Pa | 690 Pa | 569 Pa | 535 Pa | 286 Pa | 816 Pa 211 %

744 Pa | 631 Pa | 502 Pa | 444 Pa | 246 Pa | 744 Pa 28 %

668 Pa | 544 Pa | 379 Pa | 313 Pa | 1650 Pa | 668 Pa 354 %
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Table 6 The reduction effects of air-shaft inner

diameter on micro-pressure at tunnel
exit (Ln = 340 mm, shafts = 10)
] ) ‘[ Reduction X
. Train Reduction
Conditions factors
entry speed r effects
Without 100 km/h ~ 436 ;
air-shaft 240km/h ' reference
Air-shaft inner | 100 km/h ~
i 4.25 12.6 %
diameter 16mm 200km/h
Air-shaft inner { 100 km/h ~ 327 127 %
diameter 25mm |  200km/h ' S
Air-shaft inper | 100 km/h ~ 252 81 %
diameter 35mm |  200km/h ' -
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Without air-shafts

10 air-shafts of ¢ =16 mm
10 air-shafts of ¢ =26 mm
10 air-shafts of ¢ =35 mm
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Fig. 8 The reduction effects of air-shaft inner
diameter on micro-pressure wave at tunnel
exit (Ly = 340 mm)
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