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A Study on the Characteristics of Smoke Control using PIV in Tunnel Fires
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Abstract : This study aims to measure a smoke density and velocity by using the PIV method in case a fire occurs
in tunnels. By doing so, this will estimate a critical velocity, examine its appropriateness, and present the basic materials
necessary for designing a smoke control equipment. For this study, a visualization test was conducted based on the
1/20 miniature of a real tunnel according to the Froude scaling. As a part of basic experiments, a correlation between
smoke density and brightness was analyzed here, and a critical velocity was estimated on the condition that a fire
breaks out in tunnels. As a result, this study finds that there is a correlation between smoke density and brightness within
a range of 100% to 30% transmittance, from which a quantitative smoke density can be obtained. The study also
suggests that a critical velocity calculated from the Kennedy formula shows about 10% difference from that estimated
in the test.
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2.1. Froude Scaling
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Table 1. Test specifications

.- . | Width |Height | Length|Heating value (Critical velocity
Classification fm) | [m | [m) kW) fmis]
Real tunnel 8 8 180 4,480 1.353
Scaling model| 04 | 04 9 2.50 0.302
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2.2. Kennedy’'s Equation
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Fig. 1. Brightness and concentration measurement testing appa-
ratus.
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(a) PIV measurement
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Table 2. Table for the relationship between soot concentration
and brightness

Brigtmmsh'ransmissivity Brightness Extin.ction Visibility g::s):(e
table (%) coefficient(K) | (m) (m g/mty)
0 253
10 238.6 2303 1303 | 303.03
20 216.2 1.609 1.865 | 211.71
30 1914 1.204 2492 | 15842
40 1711 0.916 3275 | 12053
R s 1427 0.693 4329 | 9118
- 60 120.1 0.511 5871 67.23
- 70 103.3 0.357 8403 | 46.97
- 80 81.7 0223 13.453 | 29.34
- 90 50.2 0.103 29.126 | 13.55
N v 16 0 - -
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Fig. 5. Relationship between soct concentration and brightness.
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(c) Smoke concentration measurement
Fig. 6. Free convection in Tunnel fires.
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(d) Smoke flow
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(c) Smoke concentration measurement‘
Fig. 7. Smoke control by critical velocity in tunnel fires.
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(d) Smoke flow
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