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A Numerical Study on the Effect of Pressure Relief Ducts on the Normal
Pressure in a Preliminary Design of Honam-Jeju Subsea Tunnel
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ABSTRACT : High-speed trains have been developed widely in European countries and Japan in order to transport large quantity of
people and commodities in short time. Additionally, a high speed train is one of the most desirable and environmentally friendly
transportation methods. When a high speed train enters a tunnel, aecrodynamic resistance is generated suddenly. This resistance causes
micro pressure wave and discomfort to passengers. Due to this aerodynamic pressure against the train, a large amount of traction
is required for the operation of a train in a tunnel. Therefore, it is essential to incorporate a pressure relief system in a tunnel in
order to reduce aerodynamic resistance caused by a high-speed train. 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 positive and negative normal
pressures acting on a train. One-dimensional numerical simulations were carried out in order to estimate the effect of pressure relief
systems.

Keywords : High-speed train, Air pressure in a tunnel, One-dimensional numerical analysis, Pressure relief duct, Positive and
negative pressure
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Fig. 1. Pressure deviation from normal pressure along tunnel during
entry of a train
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Fig. 2. Pressure deviation from normal pressure along tunnel during
passage of train in a tunnel
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Table 1, Parameters for numerical simulations
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Parameter Value
Shape of a head Hypothetical
Length Liain =201 m
Cross-sectional area Auain=9.34 m’
Train Perimeter Puain=11.67 m
Maximum speed Virain = 350 km/h
Time constant of pressure tightness =18 sec
Longitudinal friction factor ftrain = 0.003
Nose and tail loss coefficients Knose = 0.05, ke = 0.07
Length Liwn=35,000 m
Type Twin tube, single track
Cross-sectional area Awn=5725 m’
Perimeter Pwm=315m
Tunnel Tunnel friction factor (D’arcy-Weisbach definition) Aun = 0.024
Tunnel friction factor fiun = 0.06
Length of pressure relief duct Liq=30 m
Inclination i=0%
Ambient, tunnel air, ground, tunnel wall, and train wall temperature 15C
Normal pressure at sea level 101,300 Pa
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Parameters / Simulation cases 1 2 3 4 10 11 12
One train in upline and one in downline (Total 2 trains) (6] (6] (6] (6] (6] (6] (0)
One train in a single tunnel without relief ducts (Total 1 train)
Train velocity : 350 km/h O O (6] (0] (0} (0} (0} O
Cross-sectional area of a tunnel : 42.59 m’ (6] (6] (6] (6] o (6} (6} (¢}
Cross-sectional area of a tunnel : 57.25 m’
Cross-sectional area of relief ducts : 0.7 m’ (6] (6] (6]
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Spacing of pressure relief ducts : 300 m (6] (6] (¢}
Maximum positive and ‘negative pressur.e deviation‘s from normal o o o o 0 0 0 0
pressure along tunnel during complete train passage for a tunnel (Pa)
Table 3. THERMOTUN simulation cases (2)
Parameters / Simulation cases 13 14 | 15 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
One train in upline and one in downline (Total 2 trains) (0] (6] (6] (6] (¢} (¢} (6] (6] (6] (6] (0) (0)
One train in a single tunnel (Total 1 train) (0]
Train velocity : 350 km/h (¢} (¢} (¢} (0] (0] (¢} (0} (6] (6] (6] (¢} (¢}
Cross-sectional area of a tunnel : 42.59 m’
Cross-sectional area of a tunnel : 57.25 m’ (6] (6] (6] (6] (¢} (¢} (0} (6] (6] (6] (¢} (¢} (6}
Cross-sectional area of relief ducts : 0.7 m’ (6] (6] (6]
Cross-sectional area of relief ducts : 1 m’ (0] (0} (¢}
Cross-sectional area of relief ducts : 2 m’ (6] (6] (6]
Cross-sectional area of relief ducts : 3.14 m’ (0] (¢} (¢}
Spacing of pressure relief ducts : 250 m (6] O (6] O
Spacing of pressure relief ducts : 275 m (6] (¢} (0] (¢}
Spacing of pressure relief ducts : 300 m (6] (¢} (6] (¢}
Maximum positive and .negative pressur.e deviations from normal o 0 0 0 0 0 0 0 0 0 o o
pressure along tunnel during complete train passage for a tunnel (Pa)
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Table 4. Maximum positive and negative deviation from normal pressure

Case Max. positive deviation from | Max. negative deviation from Case Max. positive deviation from | Max. negative deviation from
normal pressure (kPa) normal pressure (kPa) normal pressure (kPa) normal pressure (kPa)
1 5.15 -5.27 13 4.67 -5.02
2 5.20 -5.34 14 3.68 -3.66
3 5.25 -5.33 15 3.69 -3.70
4 5.06 -5.12 16 3.71 -3.69
5 5.12 -5.21 17 3.60 -3.60
6 5.16 -5.21 18 3.61 -3.64
7 4.77 -4.93 19 3.66 -3.64
8 491 -5.04 20 3.43 -3.48
9 4.93 -5.04 21 3.53 -3.54
10 4.67 -4.83 22 3.51 -3.54
11 472 -4.99 23 3.26 -3.43
12 5.15 -5.27 24 3.42 -3.51
25 3.36 -3.53
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Table 5, Effect of the cross—sectional area of a tunnel on normal

pressure
Difference of Max. | Difference of Max.
Simulation cases positive normal negative normal
pressure (%) pressure (%)

Case 1 & Case 13 -28.5% -30.6%

Case 2 & Case 14 -29.0% -30.7%

Case 3 & Case 15 -29.3% -30.8%

Case 4 & Case 16 -28.9% -29.7%

Case 5 & Case 17 -29.5% -30.1%

Case 6 & Case 18 -29.1% -30.1%

Case 7 & Case 19 -28.1% -29.4%

Case 8 & Case 20 -28.1% -29.8%

Case 9 & Case 21 -28.8% -29.8%

Case 10 & Case 22 -30.2% -29.0%

Case 11 & Case 23 -27.5% -29.7%

Case 12 & Case 24 -28.1% -29.7%
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