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Deposition Studies of Fire Smoke
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ABSTRACT

Adverse health effects of inhaled smokes are associated with the amount of the particles deposited
in human lung. Lung model is needed to simulate smoke deposition because of the hardness of the
in vivo deposition experiment. However, it is hard to realize the successively decreasing bifurcations
in the model. In this work, an experimental lung model was developed to simulate the smoke depo-
sition in the lung. Instead of bifurcating airways, the lung model was made of packed beds of which
size decreased downwards. The experimental results using this model showed good agreements with
existing results for real lung in the deposition characteristics. The model could be applied to the stud-
ies of health risk assessment of the inhaled smoke particles generated by fire.
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Figure 1. Weibel's dichotomous model for lung geometry.”
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Figure 2. Theoretical trumpet model.'¥
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Figure 3. Effects of particle diameter for each deposition
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Figure 4. Generational distribution of deposition sites for
each deposition mechanism and particle diameter.
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Figure 5. Schematic diagram of packed bed lung model.
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Table 1. Data sheet for modified trumpet model (for Q = 1 liter/s)

Section A B C D E F
~ Generation (G) 0-1 2-4 5-11 12-15 16-19 | 20-23
Typical Airway diameter: d (mm) 12.2 5.6 1.86 0.74 0.5 043
Sectional airway length: L (mm) 167.6 39.3 47.6 10.3 5.22 2.62
Sectional residence time: Xt (ms) 41.6 8.84 34.18 59.88 223.1 1,230
;ﬁcg%si gfgﬁ;i area of airway 248 | 22 | 718 | 581 | 4348 | 4762

Cross sectional area of duct
1,087 11,904
A, (cmz) — S A/ 6.2 55 18 145 0

A(!;]usted2 cross sectional area of duct ) 54 17 30 113 208
Ag (om)

Adjusted length of duct:

R " . 50 150
Ly (mm)=SLxA,/Aq 40 >0 >0
Diameter of glass beads: d, (mm) - 10 S5 4 3 2
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Figure 7. Experimental setup for the measurement of
particle deposition by using packed bed lung model.
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Figure 8. Comparison of total deposition fractions with
existing results.
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