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ABSTRACT

In this study, new design fire curves were suggested for the utilization in fire simulations. Numerical simulations with

the Fire Dynamics Simulator (FDS) were performed for the n-octane and n-heptane pool fires in the ISO 9705 compartment
to evaluate the prediction performance of the previous quadratic, exponential design fire curves and newly suggested ones.
The numerical results were compared with the experimental temperature and concentrations of O, and CO,. The numerical
results with the previous quadratic and exponential curves showed slow increase and decrease trend than experiments.
However, the numerical results with the newly suggested 2 design fire curves showed more similar variation trend in
temperature, O> and CO concentrations than the quadratic and exponential curves. It was found that the newly suggested
design fire curves can be possibly used in the numerical simulation of fires in a practical respect.

Keywords : Design Fire Curve, Fire Dynamics Simulator (FDS), Compartment Fire, Liquid Fuel Fire, Heptane, Octane
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Table 1. Mathematical Description of Different Method to

Describe a Complete Design Fire Curve for Tunnel by
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Curve identity method |HRR (kW) as a function of time (s)

Q) =a,t” (growth stage)

Quadratic curve
Quadratic growth At) =yt = Qpa
and Exponential decay | : p —a,(t—t,)

P Y1) = Qe " (decay stage)
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Figure 1. A schematic diagram for the modeling of newly
suggested design fire curve (blue line: experimental
HRR, red line: design fire curve).
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Figure 2. Design fire curves for the experimental HRRs of liquid octan(left) and heptane(right) pool fires.
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Table 2. Parameters for the Calculations of Design Fire Curves (DF_50%: x=50, DF 70%: x=70, DF Quadratic: Ingason’s Quadratic
Curve, DF_Exponential: Ingason’s Exponential Curve)

N-Octane %2% L) | EE | O | 5O | fw® | a, a, n r k
DF 50% 598.69 0.0 61.5 382.5 599.5 : 0.1582 | 0.0127
DF 70% 598.69 0.0 102.2 382.5 680.0 : 0.0573 | 0.0068
DF_Quadratic 668.21 0.0 193.5 382.5 2000.0 . 0.0178 | 0.0085
DF_Exponential 668.21 0.0 . . : 288.0 . . 7.0643 | 2.5234 | 0.0068
N-Heptane kaW) LS | 6O | e | GO | hw® | e, | a n r k
DF 50% 522.98 0.0 78.5 211.0 561.0 : 0.0849 | 0.2091
DF 70% 522.98 0.0 109.4 475.0 622.0 : 0.0437 | 0.0424
DF_Quadratic 584.17 0.0 245.0 511.0 1200.0 . 0.0097 | 0.0128
DF_Exponential 584.17 0.0 . : : 78.0 : . 9.7632 | 2.5778 | 0.0061
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Figure 3. A schematic geometry of the 3D computational domain
and ISO 9705 compartment.

Table 3. Property of Octane and Heptane Liquid Fuels."?

Heat of
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ormula ensity Combustion 1€
Octane CH, 738 kg/m? 44500 kJ/ kg 0.022
Heptane GH,y 684 kg/m? 44630 k.J/ kg 0.010
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Figure 5. Temperature dependency on the grid size at z=1.0 m of
rear side thermocouple tree.
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Figure 6. Temporal variation of temperature of octane pool fire obtained by experiment and simulation with the various design fire

curves.
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Figure 8. Temporal variation of O, and CO, concentration of octane pool fire obtained by experiment and simulation with the various

design fire curves.
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Figure 9. Temporal variation of O2 and CO2 concentration of heptane pool fire obtained by experiment and simulation with the various

design fire curves.
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