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Measurement of the Size Distribution of Smoke Particles through
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ABSTRACT

The size distribution of smoke particles, influenced by varying fire conditions, constitutes a significant research focus
in the firefighting domain concerning fire detection and the impact on lung deposition which is a major contributor to both
short- and long-term casualties among residents and firefighters. Currently, the ISO/TS 19700 method is commonly
employed to measure characteristics of combustion products, including composition and concentration, primarily for gaseous
substances. However, due to measurement challenges, limited research results exist on particulate substances using this
method, and outcomes vary significantly among researchers. The particle size distribution which is the typical characteristics
of particulate materials is crucial factor leading to discrepancies in measurements at the combustion furnace outlet. This
distortion is influenced by factors such as particle collision, temperature changes, and residence time in the mixing chamber
installed for cooling and dilution. This study unveils the disparity in particle size distribution between using a mixing
chamber and direct sampling. A solution is proposed by replacing the mixing chamber at the outlet of the steady-state tube
furnace specified in the existing ISO/TS 19700 method with a direct sampling approach. Smoke particles generated under
combustion conditions at various temperatures and equivalence ratios were directly sampled at the furnace exit. These
samples underwent a two-stage dilution process, and the real-time particle size distribution was measured using an
electrostatic low-pressure impactor. This approach minimizes distortion of the particle size distribution attributable to the
mixing chamber.
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Figure 1. Experimental set up for the generation and measurement of smoke particles.

Table 1. Chemical Composition Analysis Table for the Wood Cubes Used (KOPTRI)“”

Test Items Nitrogen Carbon Hydrogen Sulfur Oxygen Water Content Ash
Ignition Loss
Elemental Elemental Elemental Elemental Elemental ISO 15512
Test Methods Analyzer Analyzer Analyzer Analyzer Analyzer (Method B2) (90?)43210(31 h)
Dﬁfﬁﬂ;’“ 0.05% 0.05% 0.05% 0.05% 0.05% - -
Test Results Not 47.22% 6.18% Not 43.90% 6.47% < 0.1%
Detected ’ ) Detected : ) :
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Figure 2. Photo of the direct sampling of particles at the exit of the furnace.

Table 2. Particle Diameters for Each Stage and Channel of ELPI (Dekati, ELPI+)®®
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Number 7 1 2 3 4 5 6 7
Channel d; (ppm) 0.0099 0.0213 0.0389 0.0718 0.1209 0.2018 0.3153
Number i 8 9 10 11 12 13 14
Channel d; (em) 0.4825 0.7599 1.2258 1.9453 3.0777 5.1485 8.1118
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Figure 3. Typical fire flames of wood cubes: Inlet part (Left) and inside (Right) of the furnace.

Figure 4. Variation of number concentrations of smoke particles with time for each fire condition: a) T = 800 °C, Qp = 9.1 lpm, Tset
180 °C (Upper left); b) T = 800 °C, Qp = 2.3 lpm, Tset = 100 °C (Upper right); ¢) T = 600 °C, Qp = 9.1 lpm, Tset
100 °C (Middle left); d) T = 600 °C, Qp = 2.3 Ipm, Tset = 80 °C (Middle right); e) T = 400 °C, Qp = 9.1 Ipm, Tset
80 °C (Lower left); f) T = 400 °C, Qp = 2.3 Ipm, Tset = 70 °C (Lower right).
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Figure 5. Wood cubes on the boat after combustion for each fire condition in order from top to bottom: a) T = 800 °C, Qp = 9.1
Ipm; b) T =800 °C, Qp = 2.3 Ipm; ¢) T = 600 °C, Qp = 9.1 Ipm; d) T = 600 °C, Qp = 2.3 lpm; ¢) T = 400 °C, Qp
= 9.1 lpm; f) T = 400 °C, Qp = 2.3 lpm; g) before combustion.
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Figure 6. Comparison of geometric number concentrations of
smoke particles vs. aerodynamic particle diameter for
each fire condition: a) T = 800 °C (Upper); b) T =
600 °C (Middle); ¢) T = 400 °C (Lower).
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