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Fire Simulations

Sang Moon Kim, Sang Youl Yoon and Kyung Chun Kim

Abstract Fire simulation has been developed for decades to analyze fire cases and provide a tool to
study fundamental fire dynamics and combustion. There are three way of fire simulation which are a full
scale simulation, an experimental simulation and a computational simulation. In case of a full scale sim-
ulation, because a higher cost, a higher risk, more efforts are needed, a demand for it has been decreased.
But recently a demand for an experimental simulation and a computational simulation has been increased.
A computational simulation has several advantages; lower cost, short period, many case studies, more visual
results, a quantitative result and etc. FDS(Fire Dynamics Simulator) which has been developed in BFRL
(Building and Fire Research Laboratory), NIST(National Institute of Standards and Technology) is a pop-
ular world wide code for fire simulation. Lack of accurate predictions by the model could lead to erro-
neous conclusions with regard to fire safety. All results should be evaluated by the informed judgment

of the qualified user.

Key Words: Fire(3}A) , Fire Simulation(Z8A] A]&#]©]4), FDS(Fire Dynamics Simulator), Densimetric
Fr Number(Fr), Full Scale Simulation, Experimental Simulation, Computational Simulation
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Table 1 714 Al g ZA

Quantity e D)
DENSITY 5 Kg/m3
TEMPERATURE A °C
THERMOCOUPLE QA 2 °C
U-, V-, W- VELOCITY u, v, w EEAE m/s
VELOCITY 5 S5 (U2+v2+w2)* 172 m/s
PRESSURE w7 Pa
H AAYE 5= (m/s)2
HRRPUV ©2] 443 Heat Release Rate kW/m3
MIXTURE_FRACTION 2E BE kg/kg
DYNAMIC_VISCOSITY A A kg/m/s
KINEMATIC_VISCOSITY ERAA S m2/s
DIVERGENCE dhAL s-1
WMPUV @A gF B(Water) A kg/m3
oxygen A (02) AA B mol/mol
oxygen mass fraction AH(02) AF & kg/kg
fuel A8 AFH & mol/mol
nitrogen HAAN2) AF & mol/mol
water vapor FE71(H20) AH & mol/mol
carbon dioxide o)Atk (CO2) AlH & mol/mol
carbon monoxide AAsLeRA(CO) AF & ppm
soot volume fraction e XA B8 ppm
soot density A YA F= mg/m’
extinction coefficient L s | e /m
visibility 7YX AE m
DROPLET_FLUX-X,_Y, Z xy.z Bake] E(Water) % kg/m®/s

Table 2. 22A| ol g S4A
Quantity EE B

RADIATEIVE_FLUX Auo| BAlL 9&& kW/m2
CONVECTIVE_FLUX Iz UF g% kW/m2
HEAT_FLUX FA B2 AHu {4 kW/m2
GAUGE_HEAT_FLUX 1 Hol| 3k 57 44 KW/m?2
INCIDENT_HEAT_FLUX =24 4 #% kW/m2
WALL_TEMPERATURE H ey °C
INSIDE_WALL_TEMPERATURE 2deon °C
BURNING_RATE G HA G A FEAE kW/m2
PRESSURE_COEFFICIENT QrEAlF -
WMFPUA SARAG ¢ (Water) AF kW/m?2
WCPUA G A2 G B3 72H(Water Cooling)3F kW/m2
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Fig. 9. PPV Fan efficiency test
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Fig. 10. 2006 Olympic games ice hockey stadium
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Fig. 12. Underground parking space
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Fig. 13. Road tunnel

Not ventilated {large “chimney effect?)

£DS Model based on large-scale poot fire {50 foof
dismeler expenments conducied by CSE at New
Hexico Tech

A 15 MPH wind was tecorded in the experiments
and inclided tn the simulation

The experiment lesied the tesponse of large
sheets of glass (o the hlaze

A 25 mete tall, 50 meter long bullding was added
to one sinstilalion to determine what respoisse
the entice building would bave to fire

Pastand Presant Firé’Dynamics Simulator Projects

Fiioe s trg rearag wa.

Fig. 14. Pool fire test and FDS simulation
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