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Abstract

As aresult of the recent revision of the ‘Guideline for Installation and Management of
Fire Prevention Facility in Road Tunnels’, the thermal buoyancy has to be taken into
account when calculating the capacity of jet fans for smoke control in tunnel fires.
However, there is no detailed methodologies for considering thermal buoyancy, so
further study is needed. In this study, the thermal buoyancy in the tunnel is calculated
by 3-D numerical simulation to consider the thermal buoyancy in case of fire in
tunnels, and the relationship between heat buoyancy and vehicle drag, And the method
of calculating the capacity of the jet fan for smoke control in tunnels. According to the
analysis results, heat buoyancy acts as a resistance force in the case of a down-slope
tunnel, and the pressure rise of jet fan for smoke control is not simply determined by
the value of heat buoyancy at the entrance of the tunnel and the value of the vehicle
drag at the exit. And it is analyzed that it is necessary to carry out a comprehensive
review according to the location of the fire vehicle in tunnels.

Keywords: Road tunnel, Thermal buoyance force, Vehicle drag force, Simulation,
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Fig. 1. Diagram of thermal buoyance
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Table 1. Boundary condition

Contents Input
Length 1 km, 2 km, 3 km
Slope 1.0%, 1.5%, 2.0%
HRR (Heat Release Rate) 20 MW
SPR (Smoke Production Rate) 80 m’/s
State condition Unsteady-state condition
Flow condition Incompressible ideal gas
Turbulence model Standard k- €
Concrete lining inside Coupled heat transfer condition
Inflow velocity, Temperature 2.5m/s, 15°C
Outside temperature 15°C
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Fig. 2. Temperature contour (length: 1 km)
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Fig. 3. Temperature contour (length: 2 km)
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Fig. 4. Temperature contour (length: 3 km)
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(b) Pressure drop by thermal buoyance

Fig. 5. Mean temperature & pressure drop by thermal buoyance (slope: 1.0%)
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Fig. 6. Mean temperature & pressure drop by thermal buoyance (slope: 1.5%)
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Fig. 7. Mean temperature & pressure drop by thermal buoyance (slope: 2.0%)
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Table 2. Tunnel and traffic data

Contents Input Diagram
Length (km) 1,2,3
Area (m?) 75
Hydraulic diameter (m) 8.8 @1.0, 1.5,2.0%
Slope (%) 1.0, 1.5,2.0 < >
Lane 2 1,000~3,000 m
Passenger car Bus Truck AADT HGV

Contents
Gasoline | Diesel Small Large Small | Medium | Large | Special |(veh/day)| (%)
Traffic (ea) | 18,040 | 12,026 | 3,069 3,098 211 5,475 1,789 866 44,574

252
Component | s | 579 6.9 7.0 0.5 123 40 1.9 100.0
ratio (%)
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Table 3. The number of jet fans for smoke control according to relative length, thermal buoyance

Up | Down Up | Down Up |Down
. 0 . 0 . 0,
Slope: 1.00% ward| -ward Slope: 1.50% ward| -ward Slope: 2.00% ~ward | -ward
Non considered 9ea Non considered 9ea Non considered 9en
thermal buoy. thermal buoy. thermal buoy.
Relative Relative Relative
2 1
Lr. (0.00)| 3¢ | Tea Lr. (0.00)| 23| 8¢ Lr.(0.00)| '@ |%¢a
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