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ABSTRACT

Experimental and numerical studies were conducted to investigate the thermal and chemical char-
acteristics of heptane fires in a full-scale ISO 9705 room. Representative fire conditions were consid-
ered for over-ventilated fire (OVF) and under-ventilated fire (UVF). Fuel flow rate and doorway width
were changed to create OVF and UVF conditions. Detailed comparisons of temperature and species
concentrations between experimental and numerical data were presented in order to validate the pre-
dictive performance of FDS (Fire Dynamic Simulator). The OVF and UVF were explicitly character-
ized with distributions of temperature and product formation measured in the upper layer, as well as
combustion efficiency and global equivalence ratio. It was shown that the numerical results provided
a quantitatively realistic prediction of the experimental results observed in the OVF conditions. For
the UVF, the numerically predicted temperature showed reasonable agreement with the measured tem-
perature. The predicted steady-state volume fractions of O,, CO,, CO and THC also agreed quantita-
tively with the experimental data. Although there were some limitations to predict accurately the
transient behavior in terms of CO production/consumption in the UVF condition, it was concluded
that the current FDS was very useful tool to predict the fire characteristics inside the compartment
for the OVF and UVFE.
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Over-ventilated Fires Under-ventilated Fire

Doorway Width (m) 0.80 0.20

Burner Size (m?) 1.0 0.5

Steady State Windows (s) 800-1200 1650-2050 2400-2800 3300-3700 200-500

Ideal HRR (kW) 780 1110 1800 2400 1830
Measured HRR (kW) 780 1080 1680 2070 1480
Combustion Efficiency (%) 100.4 97.8 929 86.1 80.7

Fuel Mass Loss Rate (kg/s) 0.017 0.025 0.040 0.054 0.041

m, Into Door (kg/s) 1.126 1.145 1.219 1.282 0.288

Global Equivalence Ratio 0.234 0.327 0.500 0.634 2.156
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Figure 2. Grid sensitivity result through comparison of
temperatures at the front sampling location for the under-
ventilated fire.
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Figure 3. Temperature and major species at (a) front and
(b) rear sampling locations for the over-ventilated fires
(symbol: Exp., line: FDS).
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Table 2. Averaged Temperatures and Mole Fractions of
Major Species for the Over-ventilated Fires (HRR =
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Table 3. Averaged Temperatures and Mole Fractions of
Major Species for the Under-ventilated Fires (HRR =
1480 kW)

Exp. (Front/Rear) FDS (Front/Rear)
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Figure 5. Total heat fluxes in the ceiling for the under-
ventilated fire.
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