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Summary:

Smoke is the most fatal factor in the event of subway fire because smoke spreads in
direction coincide with passenger’s evacuation path. It reduces visibility and can cause
fatalities by asphyxiation. This research presents a numerical study of smoke spread in
underground subway station. This research investigates the effect of exhausting smoke by
single point extraction and exhausting smoke by multi-point extraction on smoke spread
inside the station, plug-holing phenomenon and passengers’ life safety. Also, effect of
adding smoke barriers at stairs entrance on smoke spread inside the station, plug-holing
phenomenon and passengers’ life safety is studied. Evacuation time is predicted for
different combustion model and different number of people. Fire Dynamics Simulator
(FDS) software version 5.5.3 is utilized to simulate 9 case studies in 150 m long, 20 m
wide and 13 m height domain with a subway car fire source simulated as a fire with a
unsteady heat release rate of 35 MW resulted from burning Heptane as a fuel. Results
show that exhausting smoke by multipoint extraction system in underground subway
station gives better performance than single point extraction system. By increasing the
distance between vents in multipoint extraction system, plugholing phenomenon is
reduced, smoke spread is reduced and tenable conditions improves at human level. Smoke
barrier addition to ventilation system has a great effect on the efficiency of smoke
extraction, plugholing reduction and tenable conditions improvement at human level.
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Symbol

NOMENCLATURE

Quantity
Constant
Smagorinsky constant (LES)
Constant pressure specific heat
Solid material specific heat
Ambient temperature
Diffusion coefficient, Dilution parameter
Froude number
External force vector
Acceleration of gravity
Enthalpy; heat transfer coefficient
Radiation intensity
Radiation blackbody intensity
Radiation intensity integrated over the band n
Radiation intensity of black body integrated over the band n
Thermal conductivity; suppression decay factor
Light extinction coefficient
Mass extinction coefficient
Length scale
Mass production rate of species a by evaporating droplets/particles
Mass production rate of species a per unit volume
Pressure
Background pressure of m™ pressure zone
Prandtl number
Total heat release rate
Heat flux vector

Heat release rate per unit volume
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q¢ Convective flux to a solid surface

qr Radiative flux to a solid surface

R Universal gas constant

r Radial distance from the impinging point of the plume into the ceiling
Re Reynolds number

S Unit vector in direction of radiation intensity

S Visibility, m

Sc Schmidt number

Sij Symmetric rate of strain tensor

T Temperature

t Time

U (u,v,w) Velocity vector, Integrated radiant intensity
w Molecular weight of the gas mixture

W, Molecular weight of gas species a

X (x,y,z) Position vector

Xo Volume fraction of species a

Y, Mass fraction of species a

Vs Soot yield

Z Mixture fraction

Zs Stoichiometric value of the mixture fraction

Greek Letters

8 Kronecker delta, = 1 fori=jand =0 fori#j
O Scattering coefficient

Tjj Viscous stress tensor

Xr Radiative loss fraction

\Y Gradient

€ Dissipation rate

K Absorption coefficient
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