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Mass Loss and Air Entrainment Rate of Whirl Fire
by Height of Fire Source
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ABSTRACT

This study is intended to understand mass loss rate and air entrainment rate of the whirl fire by
height of fire source. Liquid fuels were methanol and n-Heptane which are used in many studies of
whirl fire. Size of vessel was 100 mm x 100 mm x 50 mm and the vessel was made by stainless steel.
When height of fire source changed from 0 cm to 30 cm, air entrainment rate showed the fastest in
case of 0 cm. And in the same height of fire source, average and maximum air entrainment rate
showed the fastest in 30 cm of anemometer. From the results of whirl fire for methanol and n-Hep-
tane, mass loss rate and air entrainment rate of n-Heptane was found to faster 1.33 to 1.58 times and
4.38 to 5.44 times compared with methanol, respectively. Consequently, mass loss rate and air entrain-
ment rate in whirl fire was able to identified decrease as height of fire source increases and the higher
the heating value, increases the that’s value.
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Table 1. Characteristics of Flammable Liquid Fuels

Characteristics Flammable Liquid Fuels
Methanol | n-Heptane
Molecular Formula CH,O C;H
Molecular Weight 32.04 100.2
Concentration (%) 99.5 95.0
Density 0.79 0.68
Heating Higher 22.68 48.07
Value (MJ/kg) | Lower 19.94 44.56
Evaporation Heat (kJ/mol) 39.2 36.0
Boiling Point (°C) 64.7 98.0
Flash Point (°C) 12.0 -4.0
Ignition Point (°C) 463.4 412.0
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Figure 1. Schematic diagram of experiment apparatus.
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Table 2. Average Mass Loss Rate of Flammable Liquid
Fuels by Height of Fire Source

Height of Mass Loss Rate [g/m’ * sec]
Fire Source [cm] Methanol n-Heptane
0 27.69 43.76
15 15.71 18.14
30 11.36 15.10
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Figure 2. Relationship between the height of fire source
and average mass loss rate.
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Figure 3. Variations of mass loss rate in methanol whirl fire.
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Figure 4. Variations of mass loss rate in n-Heptane whirl
fire.
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Table 3. Average Air Entrainment Rate of Whirl Fire
[Units: mm/sec]

Height of Height of Fire Source
Fuels

Anemometer | (0 cm IS5cm | 30cm
10[cm] 84.04 | 70.48 | 63.80
30 174.94 | 113.79 | 101.44

Methanol
60 0.13 0.00 0.00
90 0.39 0.00 0.00
10 189.51 | 154.20 | 110.95
30 766.54 | 484.08 | 346.13

n-Heptane
60 52.78 0.42 0.29
90 44.96 0.0 0.0

Table 4. Maximum Air Entrainment Rate of Whirl Fire
[Units: mm/sec]

Height of Height of Fire Source
Fuels
Anemometer | 0cm | 15¢cm | 30 cm
10 cm 120 90 70
30 cm 250 150 140
Methanol

60 cm 30 0 0
90 cm 0 0 0
10 cm 270 200 150
30 cm 1360 710 520

n-Heptane
60 cm 140 20 10
90 cm 130 0 0
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Figure 5. Average air entrainment rate in methanol whirl
fire by height of fire source.
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Figure 6. Maximum air entrainment rate in methanol whirl
fire by height of fire source.

J. of Korean Institute of Fire Sci. & Eng., Vol. 25, No. 2, 2011



130 uya)

1600

—e— Ocm
1400 «+0es 15cm
-¥- 30cm
1200 A
1000
800
600 A

400 -

Average entrainment rate [mm/sec]

200 -

100

Height of anemometer [cm]

Figure 7. Average air entrainment rate in n-Heptane whirl
fire by height of fire source.
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Figure 8. Maximum air entrainment rate in n-Heptane whirl
fire by height of fire source.
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