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Abstract

In this study, the ventilation characteristics and the relationships between the required
ventilation flow rate and the ventilation system flow rate was investigated by
numerical method for the optimum design of the transverse ventilation and
semi-transverse ventilation system in road tunnels. The following results were
obtained. In supply - exhaust transverse ventilation system, the system supply-exhaust
air flow rate is theoretically equal to the difference between the required ventilation
flow rate and natural ventilation flow rate. However, it is shown that it increases by
about 10% in the analysis results. And, in the case of the longitudinal air flow rate is
increased by installed jet fans, ventilation system air flow rate is reduced. However, as
the longitudinal air flow rate increases, the concentration of pollutants in the tunnel
decreases, so the exhaust effect of pollutants decreases, and the effect of reducing the
system air flow rate is decreased. In case of semi-transverse with only air supply,
ventilation system air flow rate is equal to required ventilation air flow rate when
tunnel inlet velocity is negative, but results is shown it is increased within about
13.3%. Also, it was found that ventilation effect can not be expected even if the jet fans
are increased when the tunnel inlet velocity is negative.

Keywords: Transverse ventilation system, Semi-transverse ventilation system,
Ventilation system air flow rate, Required ventilation air flow rate
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Table 1. Characteristics of tunnel and traffic volume

Length (m) Grade (%) Area (m?) H. Diameter (m)
Tunnel
5000 1 36.2 5.25
Model 1 Passenger car Bus Truck
Traffic - - - -
Gasoline Diesel Small Large Small Midium Large Special
volume
15981 10654 461 0 3590 0 0 0
Length (m) Grade (%) Area (m°) H. Diameter (m)
Tunnel
5000 1 75 7.75
Model 2 Passenger Car Bus Truck
Traffic - - - .
volume Gasoline Diesel Small Large Small Midium Large Special
18040 12026 3069 3098 211 5475 1489 866
300 [ 700 [
Small Tunnel b Large tunnel
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Fig. 1. Comparison of required ventilation flow rate and natural ventilation flow rate
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Fig. 2. CO concentration by Qsazea (small tunnel)

Table 2. Ventilation flow rate and equipment capacity according to the number of jet fans (small tunnel)

No. of jet | Ventilation flow rate by | Q,.,—Q, | Equipment capacities by Qgq CO exhaust mass flow
fan N; piston effect Q, (m%/s) (m’/s) simulation Qp, (m%/s) | Q,.,—Q, rate (g/s)
0 -5.1 125.6 138 1.10 10.56
2 31.9 98.8 130 1.32 8.35
4 63.0 67.7 108 1.60 5.74
6 90.1 40.5 72 1.78 3.42
8 1133 17.4 34 1.96 1.50
200
Small Tunnel —a— Q by traffic piston effect —414

—®— Qgpgea bY theory
L —A— Qgpgea DY simulation
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_ \ \ /I ls
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Fig. 3. Comparison of ventilation flow rate and mass flow rate for exhausting CO (small tunnel)
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Table 3. Ventilation flow rate and equipment capacity according to the number of jet fans (large tunnel)

No. of jet | Ventilation flow rate by | Q,.,—Q, | Equipment capacities by Qgq CO exhaust mass flow
fan N; piston effect Q,, (m’/s) (m’/s) simulation Qp, (m’/s) Qreq— rate (g/s)
0 24.8 476.1 520 1.09 39.86
2 63.8 437.1 506 1.16 36.35
4 102.0 398.9 500 1.25 33.16
6 139.5 361.4 488 1.35 30.06
8 175.5 3254 468 1.44 27.04
10 210.8 290.1 440 1.52 24.09
12 240.8 260.1 412 1.58 21.64
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Fig. 5. Compare ventilation flow rate & CO exhaust mass flow rate (large tunnel)

& U H 2ol 57] WA A8ohe B, FRELTT 511 A-olls Fig. 6014 H vieh go] e

6 -
[ Semi Transeverse(Supply) !
4 r Tunnel Inlet Velocity e
= | —u— Small Tunnel .//.
E o —e— Large Tunnel ./ -/l
= <F
g [ ./ /'/
30 al o
; - ./ -/
T L[ ®
91 = n
[ ././
L
-4
e 1 1 1 1 1 1 1 1

10 20 30 40 50 60 70 80
Vehicle Speed [km/h]

Fig. 6. Tunnel inlet air velocity (semi-transverse system)
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