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A numerical study on effects of thermal buoyance force on number of jet fans

for smoke control

Ji-Oh Yoo'*, Hyun-Jun Shin’

'Professor, Department of Building Mechanical System, Shin Heung College
“Research Fellower, KICT

ABSTRACT: Jet fans are installed in road tunnels in order to maintain critical velocity when fire occurs. Generally the
number of jet fans against fire are calculated by considering critical velocity and flow resistance by wall friction, vehicle
drag force, thermal buoyance force and natural wind. In domestic case, thermal buoyance force is not considered in
estimating the number of jet fans. So, in this study, we investigated the pressure loss due to the thermal buoyance force
induced by tunnel air temperature rise and the impact of thermal buoyance force on the number of jet fans by the numerical
fire simulation for the tunnel length(500, 750, 1000, 1500, 2000, 3500m) and grade (-1.0, -1.5, -2.0%).

Considering the thermal buoyance force, number of jet fans have to be increased. Especially in the case of 100MW of heat
release rate, the pressure loss due to thermal buoyance force exceed the maximum pressure loss due to vehicle drag
resistance, so it is analyzed that number of 2~11 jet fans are needed additionally than current design criteria. Thus, in
case of estimating the number of jet fans, it must be considered of thermal buoyance force induced tunnel air temperature
rise by fire.

Keywords: Thermal buoyance force, Jet fans, Tunnel fire
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Fig. 1. Grid at the tunnel section

Table 2. Fire growth curve

Heat release rate (MW) 20.0 100
Fire Load (GJ) 35 125
Fire growth rate (a) 0.1 0.5
Fire decade rate () 0.001 0.002
Growth time (Sec) 450.0 450
Full fire time (Sec) 605 600
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Number of Jet Fan
S\;Z};i Tunnel Length Nt Cloisfalaied Considered thermal buoyance force

(km/h) (m) thermal buoyance force Hrr=20 MW Hrr=100 MW
(Lei=2 DY) SL0% | SL5% | S20% | SLO% | SI5% | S2.0%
300 2 2(0) 3(+1) 3(+1) 4(+2) 5(+3) 6(+4)
550 3 3(0) 3(0) 4(+1) 5(+2) 7(+4) 8(+5)
" 800 3 3(0) 4(+1) 5(+2) 6(+3) 8(+35) 10(+7)
1,300 5 5(0) 5(0) 6(+1) 8(+3) 10(+5) 12(+7)
1,800 6 6(0) 6(0) 7(+1) 10(+4) 12(+6) 15(+9)
3,200 9 9(0) 9(0) 9 12(+3) 16(+7) 19(+10)
300 2 2(0) 3(+1) 3(+1) 4(+2) 5(+3) 6(+4)
550 3 3(0) 3(0) 4(+1) 5(+2) 7(+4) 8(+5)
20 800 3 3(0) 4(+1) 5(+2) 6(+3) 8(+5) 10(+7)
1,300 5 5(0) 5(0) 6(+1) 8(+3) 10(+5) 12(+7)
1,800 5 5(0) 6(+1) 7(+2) 10(+5) 12(+7) 15(+10)
3,200 8 8(0) 8(0) 9(+1) 12(+4) 16(+8) 19(+11)
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