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Experimental Study on Calculation of Critical Velocity in Accordance with
Gradient of a Road Tunnel at Fire
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Abstract ; This study provides a basic data necessary to design a facility of smoke management after calculating the
critical velocity of the gradient scale model tunnel and reviewing its adequacy to establish an optimum disaster preven-
tion system for a road tunnel at fire. The experiment is carried out by using Froude scaling to a scale model which
is about 1/29 as big as the real tunnel, and its critical velocity calculation is calculated to the 0-2% gradient of the
tunnel. The result shows that the higher the gradient is, the stronger the critical velocity, but that it doesn't affect the
critical velocity so much when the gradient is less 2%. In addition, this result is studied in comparison with the results
done by other researchers to review the adequacy of the critical velocity.

Key Words

.M E

=713 e AR 8 mEe] F71E Q3 =
29 A4 A Al Soie B g
2 Az o, olo wlEt Bl Dol X e] HAFA]
ohlE-3e] Eu 9 3l Fo] Alarel tid]gl ebAA]
o] shio)) thet 277t B2 FohE 3 = AAojh

Bge b 2722 Bd YR A st
2245 I 54 A7le Fitoz 3 3F
3 Alopde] 2 Ayl FEo] Y & gle
o, 9 2 43 - FF8F0] AdS A gk uf
A B s A ehdS ghRsly] sk 4k

], Ikd], S4 9 FR AN, 45854 Fol

*To whom correspondence should be addressed.
sweat100@hanmail.net

: critical velocity, gradient tunnel, reduced scale experiment

o, WA de] dAlel gigk Al
Al £9& H3A CFD AlEdold, 2d 2 243
A% T g oM B AT APt 9d
1-3)

FH2EA ] Fel7HEureka) Al 8 o] Ao = 1992
Jo] =290]9] FFolx 582k B2, 7HE A
gk shEAb] e AR SAAES AAFon,
g} =0l A+ ASHRAE Committee®] oo}l 19933
99 ~19954 3¥7-A] Memorial TunnelolA] A=
3418 <¢] Memorial Tunnel Fire Ventilation Test
Program (MTFVTP)-& A Aste] griA| 28l sl
7z e Hay 718t - SEEEE 45K
t}. 3t Y.Oka9} G.T. Atkinson(1995)72 228

o



UER, MEliE, o|SE dEY, 7AIL
30m
Fire source
A -y [ sindintiabebatubtdatel I A, A = s s "
B i T
o0l i @ 10 1] | S ! 0.3m
i & : !
l — ® |8 g
°[f | -
Qo e bl
@ &@ 12m
:D:D | —
1 Flow supply fan 5 Control panel 9 Anemometer
2 Gas burner 6 Data logger 10 Smoke injector
3 LPG gas 7 Pressure instrument 11 Thermocouples
4 Flow/mass _instrument 8 Thermocouple probe 12 Control computer

Fig. 1. Schematic of reduced scale tunnel.
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Fig. 2. Ceramic LPG heater.
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Table 1. Experimental range

Elements Prototype Scale model
Tunnel velocity 0~10m/s 0~1.83m/s
Wind flow rate ~300m’s 3.65m’/min

Fire intensity 20MW 4.292kW
Smoke production rate 80m’/s 17.66L/s
0% 0%
Tunnel gradient 0.5% 0.%
1% 1%
2% 2%
Jet velocity 30m/s 5.48m/s
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gradient.
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Table 2. Critical velocity from the tunnel gradient

Gradient [%] Scale model [m/s] Prototype [m/s}
0.0 0422 2287
0.5 0.431 2333
1.0 0.444 2407
20 0.446 2418
2.7+ HRR=20 MW A Exp.
- - - Kennedy
-------- Tetzner
2.6 Wu
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Fig. 6. Comparison of the critical velocity from the tunnel
gradient.
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