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ABSTRACT: This paper compared ventilation performance between the sound roof tunnel
with flat roof and the sound roof tunnel with gable roof. The ventilation rate of the sound
roof tunnel is calculated by natural ventilation rate plus ventilation by vehicle. The roof type
is divided by the shape of the roof and the ventilator location on the roof. The results be-
tween calculation and CFD on the ventilation rate are almost alike. The ventilation rate on
the flat roof is 5584m7s with mid-ventilator and 496.8mYs with left-right ventilator. The
ventilation rate on the gable roof is 653.2 m>/s with mid-ventilator and 611.6 ma/s with left-
right ventilator. The ventilation rate of soundproof with gable roof is higher than that with
flat roof. The ventilation rate and with mid-ventilator is higher than that with left-right ven-
tilator the soundproof roof. Therefore, the ventilation performance of soundproof roof depends
on the roof shape and ventilator location on the roof.

Key words: Sound roof tunnel(#-&E'd), Natural ventilation(xt8 7)), Emission control(w}
FtA), Ventilation by vehicle(2% #71%), CFD(HAfA == 0%)
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Table 1 Emission controls from vehicle on
the each country-1 (fuel-gasoline)

T ¢ Car Light-car
Country he year of}  [g /] [g/km]
application
CO [ NOx | CO | NOx
K ‘027~°06 1211 02 [ 21111025
orea 06~ 1.06 |0.031 | 1.06 |0.031
USA ‘04.1~ 2.11 10.031 - -
Japan “00.1~ 127 | 0.17 | 0.67 | 0.08
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Table 2 Emission controls from light-truck on
_the each country-2 (fuel-light oil)

Country Weight |The year of[ CO | NOx
[Tonl application |[g/km]|{g/km]

Korea LVW <17| "027~°06 | 095 | 065
LVW>17 02.7~ 095 | 0.78
LVW=17 94~ 2.11 | 062

UsA LVW>17 94~ 273 | 062
Japan TW<17 ‘02.1~ 063 | 0.28
TW>1.7 ‘03.1~ 063 | 049

«* LVW ! Empty weight+136 kg, T.W : Total weight
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Table 3 The limit of CO concentration of tunnels (PIRAC)

CO Concentration on peak time [ppm]

Tunnel type

Non traffic congestion

Traffic congestion

Traffic congestion

Ci . .
ty Non traffic congestion

100~ 150
150~250°

100~150°
100~150"

Table 4 The emissions rate and required ventilation rate on vehicles

Type Gasoline Diesel
Pollutants CO NOx CO NOx PM
Emission controls 127g/km | 0.17g/km | 9.2g/kWh | 58 g/kWh | 0.49 g/kWh
Limit of concentration for ventilation| 100ppm 25 ppm 100 ppm 25 ppm 40%
Required ventilation rate per car 11 m”/km 36m’/km |79 mS/kW_h 121 m’/kWh 643 m*/kWh
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Table 5 Exhaust rate per vehicle

Average Standard
Heavy 5.1 2.3 EXDI'ESS as
Light 05 0.7 natural logarithm
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Table 6 Transmission rate of exhaust gas

Transm(ls/:)lon rate Conditions
100~60 Clear
60~50 Seeable exhaust gas
50~ 40 Nervous about exhaust gas
40~30 Very discomfort
30 ol3t Not permission
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Table 7 Exhaust rate of CO per vehicle

Exhaust rate of CO

T
ype Average | Standard deviation
Light Traffic
7L/km - congestion
Heavy 15 L/km
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Table 8 Wind velocity in the tunnel

Tunnel type

Velocity | One-way { Facing | Tunnel with
traffic | traffic | side walk
Wind velocity .
in the tunnel 12 8 7

[m/s]
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6. Case Study

YA PP AF & =AM AN
o Qe A7 AdE YUst dyee AA
2 A 2EAY B @74 ANSD Je =
4e 71E Eds vEsel ur ue @4
& 7H 4 Y& AEe Ede BEI) Ak
& 2helN AW FRe| BITE AAse
guE Aot AAWNYSE A,

6.1 24

ATNM ez e 29 7l8+ Table
99Jr 2o Ha W9 #7145 A7 FELE
3 9j71ske] F& R I w2 HeHER, B
ATolA Az FALFL AdWFHY, BHE N
TEHS AFS Y AFgez 3o HE We I
8 #r1%E Adsdo

EF HSEEY AR #r7E dAS A



WHEEde AdEr|dE

Table 9 Model outline
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Table 11 Possibility of Natural ventilation

Tunnel length 100 m
Cross section area 108 mz, D,=9m
Traffic 2,500 car/h
Mixed ratio of heavy vehicle 20%
Traveling velocity 60 km/h
Outdoor air velocity 25m/s
Transmission rate 50%
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Table 10 The Standard and Requirement ven-
tilation rate in the tunnel

Standard Requirement
ventilation rate | ventilation rate
[m*/s-km] [m?/s]
Exhaust gas 0.066 16.5
CcO 0.02 436

Requirement| Natural
ventilatsion ventilation
rate [m'/s] |rate [m7/s]

Exhaust gas 16.5 Natural
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Fig. 2 The air velocity on the existing model.

Table 12 Boundary condition

(b) Front view of tunnel with flat roof Elements “Boundary condition
Initial temp. Outdoor_temp. (301.15K)
Im U,=-1 {‘/a+(l—a)( U”)z—a]V,
sm Velocity-inlet | = !~¢ Ve

U,=37, V,=0, W,=0

| |
I 18m |

(c) Front view of tunnel with gable roof

Fig. 1 Airflow and vehicle direction in tunnel.

Velocity-outlet Free
Wall boundary g—ﬁ =0
Turbulent model £—e Model
Mesh layout 180 [W1x6 [h]x100 [L]

Table 13 Air velocity in tunnel and ventilator on the each model

Ventilator

location Flat roof

Gable foot

Center
on the
soundproof
tunnel

Average velocity in ventilator : 3.1 m/s

Velocity in tunnel : Max 3.7m/s, Min 2.3 m/s|Velocity in tunnel : Max 4.1 m/s, Min 2.9 m/s

Right and

left on the

soundproof
tunnel

Average velocity in ventilator : 2.7m/s

Average velocity in ventilator : 3.4 m/s

Velocity in tunnel - Max 35m/s, Min 2.1 m/s|Velocity in tunnel : Max 3.7 m/s, Min 2.7 m/s

Average velocity in ventilator © 3.2m/s
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