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A Numerical Study of Smoke Movement with
Radiation in Atrium Fires
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ABSTRACT

This paper describes the smoke filling process of a fire field model based on a self-developed
SMEP (Smoke Movement Estimating Program) code to the simulation of fire induced flows in the
atrium space (SIVANS atrium at Japan) containing smoke radiation effect. The SMEP using PISO
algorithm solves conservation equations for mass, momentum, energy and species, together with
those for the modified k-¢ turbulence model with buoyancy term. Also it solves the radiation equa-
tion using the discrete ordinates method. The result of the calculated smoke temperature contain-
ing radiation effect has shown a better prediction than the result calculated by only convection
effect in comparison with the experimental data. This seems to come from the radiation effect of
H,0 and CO; gas under smoke productions. Thus, the consideration of the radiation effect under
smoke in fire should be necessary in order to get more realistic result. Also the numerical results
indicated that the the smoke layer is developing at a rate of about 0.1 m/s. It would take about
450 seconds after starting the ultra fast fire of 560 kW that the smoke layer move down to 1.5m
above the escape level.
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Table 1. Typical fire growth factors

t’-Fires Growth Factor, o (KW/s®)
Slow 0.002931

Medium 0.01127

Fast 0.04689

Ultra Fast 0.1878
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Fig. 3. Location of the average intensities and the
differential control volume in the x-y-z coordinate system.
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Fig. 4. Schematic diagram of the 8 sweep directions.
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