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ABSTRACT

In this study, a mixture fraction analysis was performed to investigate the characteristics of chemical
species production in compartment fires burning hydrocarbon fuels such as methane, heptane, and tol-
uene. A series of fire experiments was conducted in the ISO 9705 standard room, and gas species
concentration and soot fraction were measured at two locations in the upper layer of the compartment.
The mass fractions of measured chemical species, such as unburned hydrocarbons (UHC), carbon
monoxide (CO), carbon dioxide (CO,), oxygen (0O,), and soot were presented as a function of mixture
fraction and compared with state relationships based on the idealized reaction of hydrocarbon fuels.
The mixture fraction analysis made it possible to rearrange hundreds of species measurements, which
were done under various fire conditions and at two locations of the upper layer, in term of the unified
parameter, i.e. the mixture fraction. The results also showed that inclusion of soot in the mixture frac-
tion calculation could improve the performance of analysis, especially for the sooty fuels such as hep-

tane and toluene.
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Table 1. Summary on Experimental Conditions
Test Fuel Fuel Feeding Method | Pan Size [m?] | Door Size [m] HRR" [kW]

1 | Methane | Spraying on the Pan 0.28 0.2 507, 1087
2 | Methane Pool Pan 1.0 0.8 1074, 1866, 2382
3 Heptane Pool Pan 1.0 0.8 1490
4 | Heptane Pool Pan 0.5 0.2 1460, 1510
5 Heptane | Spraying on the Pan 0.5 0.2 414’1 35 88(},’ 16 ;) ;)é,912 73; 69,911 ;915(?922(’) 418297,
6 Toluene Pool Pan 0.5 0.2 1207
7 Toluene | Spraying on the Pan 0.5 0.2 564, 1020, 1323, 1591

“Nominal steady state heat release rate values from calorimetry measurements
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Figure 2. Species mass fractions as a function of mixture
fraction for ideal methane-air flame.
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Figure 3. (a) The measured mole fractions of combustion
gas species and heat release rate as a function of time after
ignition and (b) the mass fractions as a function of mixture
fraction at rear location for Test 1.
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Figure 4. Mass fractions of front and rear compartment gas
species as a function of mixture fraction for the natural gas
fire Tests 1 and 2: (a) transient measurements and (b)
averaged quasi-steady measurements.
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Figure 6. Comparison between the averaged quasi-steady
mass fractions of compartment gas species as a function of
mixture fraction; (a) without soot, and (b) with soot for the
toluene fire Tests 6 and 7.
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