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A Numerical Study on the Pressure Relief in a Tunnel
Using a Pressure Relief Duct

Sang Yeon Seo, Heesang Ha*, Sangpil Lee

Abstract High-speed trains have been developed widely in many countries in order to transport a large quantity
of people and commodities rapidly. When a high speed train enters a tunnel, aerodynamic resistance is generated
suddenly. This resistance causes micro pressure wave and discomfort to passengers. Therefore, it is essential to
incorporate a pressure relief system in a tunnel and streamlined shape of a train in order to reduce aerodynamic
resistance caused by a high-speed train. Additionally, the cross-sectional area of a tunnel should be carefully
determined to reduce discomfort of passengers. A pressure relief duct and a vertical shaft are representative measures
in a tunnel. This study represents the effect of pressure relief ducts in order to alleviate pressure changes within
a time period in a tunnel. One-dimensional network numerical simulations were carried out in order to estimate
the effect of pressure relief systems.

Key words Air pressure in a tunnel, One-dimensional network numerical analysis, Pressure change within a time period,

Pressure relief duct, Aural discomfort
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Pressure relief ducts
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Fig. 1. Pressure relief ducts installed in the Channel Tunnel
(Reinke, 2011)
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Fig. 2. Pressure deviation from normal pressure in a tunnel
with train passage
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Table 1. Maximum pressure change (kPa) within a time interval

Time interval (s) UIC 660 UIC 779-11 AE 4 sdusEHE
1 0.5 1.0
3 0.8 ) 0.8 (F=33)
’ 1.25 (L 3y5=3Y)
4 - 1.6
10 1.0 2.0
60 2.0 -
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Table 2. Maximum pressure change (kPa) within a time

interval
Time interval(s) Korea
1 0.5
3 0.8
4 -
10 1.0
60 2.0
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Table 3. Parameters for numerical simulation
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Fig. 3. Schematic diagram for numerical modelling
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Parameter Value
Shape of a head Hypothetical
Length Ltrain=201 m
Cross-sectional area Again=9.34 m*
Train Perimeter Pirain=11.67 m
Maximum speed Virain=350 km/h
Time constant of pressure tightness T = 18 sec
Longitudinal friction factor firain=0.003
Nose and tail loss coefficients Knose=0.05,Kkii=0.07
Length Lwn=35,000 m
Type Twin tube, single track
Cross-sectional area Awn=57.25 m>
Perimeter Pun=31.5 m
Tunnel (D’al;lclgl-l\j\;eif;)c;indt:ag:l?trion) P = 0.024
Tunnel friction factor fun=0.06
Length of pressure relief duct L=30 m
Inclination i=0%
Ambient, tunnel air, ground, tunnel wall, and train wall temperature 15°C
Normal pressure at sea level 101,300 Pa
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Table 4. Simulation case from 1 to 21
Simulation case | 1 | 2 | 3 | 4 | 5| 6| 7|8 |9 ]10]11|12|13]14|15|16|17|18|19|20] 21
Veain: 350 km/h | O|O|O]O|O|O]O|O|O]O|O|lO|O|O|O|O|O]O|O|O]|O
Viain: 300 km/h
Awma: 4259 m> |O|O|O|O|O]O|O|O|O|]O|O]|O
Awmer: 57.25 m’ olo|lo|o|lo|o|o|oO]|oO
Awme: 070 m*> | O[O | O o|lo|o
Aduer: 1.00 m’ olo|o olo|o
Aduet: 2.00 m’ o|lo|o olo]|o
Aduert 3.14 m’ o|lo]|o
Sauer: 250 m o) 0 0 o) 0 0 0
Sauer: 275 m 0 0 0 0 0 0 0
Sauer: 300 m 0 0 0 0 0 0 0
Table 5. Simulation case from 22 to 42
Simulation case | 22 | 23 | 24 | 25|26 | 27|28 |29 |30 | 31 [ 32|33 |34 |35|36|37|38|39|40] 41|42
Viin: 350 km/h [ O | O | O
Virain: 300 km/h olojo|o|lo|o|o|o|Oo|lOo|O|O|lO|O|O|O|O]|O
Awmer: 42.59 m’ ojlolo|o|oO]oO
Aumer: 5725 m> | O | O | O olojlo|o|lo|o|o|lo|Oo|O]O]|O
Awme: 0.70 m’ olo|o olo|o
Aduerz 1.00 m’* o|lo|o
Aduetz 2.00 m’ 0|00 olo|o
Awe: 3.14m> | O | O] O olo|o
Sauer: 250 m 0 0 0 o) 0] 0 0
Sauer: 275 m 0 0 0 0 o) 0 0
Sauet: 300 m 0 0 0 o) 0 0 0
Tunnel Research)oll A 7 1244 UERA A8 A= dx7F HE WE 350 km/h= 3354 Ao|A
A zraoln of] AwEld dA 9 FAS sote]  258F 4204 GA7F 300 km/hE FY5H= BLE

AES ke 2 73o|ciReinke and Busslinger, 2011).
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Table 6. Pressure changes in time periods of 1 second and 10 seconds

Pressure change in time | Pressure change in time Pressure change in time | Pressure change in time
case period of 1 second period of 10 seconds case period of 1 second period of 10 seconds
(kPa in s) (kPa in s) (kPa in s) (kPa in s)

1 0.284 2.071 22 0.175 1.290

2 0.286 2.086 23 0.176 1.296

3 0.288 2.098 24 0.176 1.304

4 0.276 2.013 25 0.176 1.490

5 0.278 2.027 26 0.203 1.501

6 0.279 2.038 27 0.206 1.512

7 0.262 1.917 28 0.187 1.376

8 0.264 1.929 29 0.189 1.385

9 0.265 1.938 30 0.190 1.394
10 0.255 1.860 31 0.139 0.984
11 0.256 1.873 32 0.140 0.990
12 0.257 1.883 33 0.141 0.997
13 0.193 1.421 34 0.136 0.960
14 0.194 1.430 35 0.137 0.965
15 0.195 1.437 36 0.138 0.972
16 0.188 1.386 37 0.130 0.917
17 0.189 1.394 38 0.131 0.922
18 0.190 1.401 39 0.131 0.927
19 0.180 1.326 40 0.126 0.890
20 0.181 1.333 41 0.127 0.895
21 0.181 1.340 42 0.128 0.902
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Fig. 4. Pressure change in time period of 1 s and 10 s (case 1)
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Fig. 5. Pressure changes in time period of 1 second and 10 seconds
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