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The Reduced Model Test for the Determination of Ventilation Velocity to
Prevent Backflow in Uni-directional Road Tunnel during a Fire Disaster

Young-Il You and Hi-Keun Lee

ABSTRACT In the case of a fire disaster in a uni-directional road tunnel, it is important to determine
the critical ventilation velocity to prevent the backflow travelling toward the tunnel exit where vehicles
are stopped. The critical ventilation velocity is horizontal velocity to prevent hot smoke from moving
toward the tunnel exit. According to Froude modelling, the model tunnel which was 300 mm in
diameter and 21 m in length was made of acryl tubes. Inner section of acryl tubes was clothed with
polycarbonate. 1/20 scaled model vehicles were installed to simulate the situation that vehicles are
stopped in the tunnel exit. Methanol in a pool type burner was burned in the middle of tunnel to
simulate a fire hazard. In this study, the basis of determining the critical ventilation velocity is the
ventilation flow rate that is able to maintain the allowable CO concentration in the tunnel section. We
assumed that the allowable CO concentration was backflow dispersion index. Futhermore, We intended
to find out CO distribution and temperature distribution according as we changed ventilation velocity.
The results of this study were that no backflow happened when ventilation velocity was 0.52 m/s in the
case of 5.75 kW. If we adapt these results to a fire disaster releasing 10 MW heat capacity in real
tunnel which is 400 m in length, no backflow happens when ventilation velocity is 2.31 m/s. After we
figured out dimensionless heat release rate and dimensionless ventilation velocity of model test and
those of real test to verify experimental correctness, we tried to find out correlation between
experimental results of model tunnel and those of real tunnel.
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Fig. 1. Experiment apparatus

" Air intake

[1] model cars, [2] K-type thermocouple rod, [3] CO concentration sensor, [4] fuel box, [5] a weighing
plate, [6] notebook, [7] DA-100 data acqusition system, [8] burner, [9] flow nozzle, [10] differential pres-
sure transducer & digital read out monitor, [11] DT-2801 data acqusition system, [12] CPU-100 MHz Pen-
tium Computer, [13] flexibie coupling, [14] centrifugal fan, [15} rpm-controller, [16] K-type thermocuple
wire, [17] connection wire between CO sensor and DT-2801 board

Table 1. The scaling of velocity

V, (m/s) V.. (m/s)
1.27 0.28
1.62 0.36
1.97 0.44
2.31 0.52
2.66 0.60
4.01 0.91

Fig. 2. Differential pressure transducer and data log-
ging system
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Fig. 3. The temperature measurement section
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Fig. 4. Thermocouple installing section
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Fig. 5. CO concentration sensor installing section
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Table 2. The scaling of heat release rate

Q, MW) Q. (kW)

2.79
3.35
3.91
445
5.03
5.59
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Table 3. Experiment results

Burner Fuel Heat Critical
CASE size quantity release  velocity

(Dia.cm) (g) ratekW)  (m/s)
1-1Y 12 35 3.64 0.36
1-2Y 15 35 4.62 -
2-1Y 12 40 4.96 0.44
2-2Y 15 40 5.35 -
3-1Y 12 45 5.57 -
3-2Y 15 45 5.75 0.52
1-1N 12 35 3.64 -
1-2N 15 35 4.62 -
2-1N 12 40 4.96 -
2-2N 15 40 5.35
3-1N 12 45 5.57
3-2N 15 45 5.75

Y : Installing model cars, N : Not installing model cars
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Table 4. Critical velocity as calculated by Heselden for
a fire in a real (5 m high X100 m wide) tunnel

Source of fire Heat release Cﬁtical
rate(MW) velocity(m/s)
Car 3 1.3
Van 10 2.2
Lorry or coach 20 3
Petrol spill 50~100 5.3~6.7

LT T OTHI =7
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