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A Study of Ventilation Requirements for Tunnel
Considering Recirculation near Tunnel Portals
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Abstract : This paper analyzes difference between current tunnel ventilation calculation method and advanced one
which considers effects of polluted air recirculation near tunnel portals. For the calculation, CFD(Computational fluid
dynamics) technique was utilized. From the result, it was found that 4.38% more fresh air is required when there is
polluted air recirculation near tunnel portal areas. Hence, it is recommanded that the consideration of polluted air
recirculation should be made when deciding the ventilation requirements for tunnel.
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Table 1, Standard project concentration

Pollutants Travel speed . Standard .
project concentration
10km/h 0.008 ~0.009m™
Smoke decay factor (45 ~40%}
Klim 20 ~40km/h 0.007 ~0.008m™
{or smoke (50 ~45%)
transmissibility, %) 50 ~80km/h 0.005~0.006m™
(60 ~55%
co 10km/h 150ppm
20 ~80kmv/h 100ppm
NOx all-speed 25ppm
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Table 2, Simulation Dimension
A Tunnel

northbound
lane

Compartment B Tunnel

northbound
lane

southbound
lane

southbound

Direction
lane

Travel system One-way traffic tunnet

tunnel length| 2,663m 2,663m 10,945m 10,959m
Coross section| 75.44m’ 75.44m° | 79.887m> | 79.887m’
Grade 04183% | +035% +1.95% -1.95%
Position An Aour Bour B
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Table 3. Boundary Conditions
Compartment Contents
Simulation Program CFD2000
Turbulent Model LES Model
Condition Steady -State Condition
Grid 103,000
Output wind direction northeaster
Output wind velocity 4.0m/s
Discharge wind velocities 0.48m/s
in tunnels
wind velocities in tunnels 9.64m/s
Smoke 0.006m™ : T—
Pollutants co 100ppm Smoke. DD LLNIZ 0001E DOGES. 0002 D00 0004z 0048 DI% 0000
Fig. 2. Smoke concentration distribution,
NOx 25ppm

Fig. 1. Simulation Modelling,
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Fig. 4. NO concentration distribution,

Table 4, Average concentration distribution
Classification Smoke co NOx

Average Concentration | 6.744x107[m"} | 13.24ppm 3.07ppm
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Fig. 5. Smoke ventilation of requirements,

Table 5, Smoke concentration

Classification | Not application

Application Percentag(%)

10km/h - - -

20km/h - - -
30km/h
40km/h - - -

50km/b - - -

60km/h 32231 338.89 5.15
70km/h 28142 29831 6.00
80km/h 236.38 253.80 737
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Table 6, CO concentration

Classification | Not application |  Application Percentage(%)
10km/h 646.07 670.53 3.79
20km/h 516.85 535.96 370
30km/h 430.50 44723 3.89
40km/h 361.23 375.87 4.06
50km/h 312.93 326.19 424
60km/h 274.00 286.02 439
70km/h 253.10 265.06 4.73
80km/h 226.55 23778 4.50
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Fig. 7. NOx ventilation of requirements,

Table 7. NOx concentration

Classification | Not application |  Application Percentage(%)
10km/h 444.89 44729 0.54
20km/h 677.97 685.03 1.04
30km/h 808.52 821.27 1.58
40km/h 865.38 883.69 2.12
50km/h 897.50 921.04 2.62
60km/h 905.37 934.01 3.16
F0km/h 1176.8¢ 123251 474
80km/h 1321.08 1404.53 632
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