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Experimental Investigation on Heptane Pool Fire

Extinguishment Using Twin—fluid Nozzle

Chan Seok Jeong

Department of Fire Protection Engineering, The Graduate School,

Pukyong National University

Abstract

In the present experimental study, the spray characteristics and
the liquid pool fire extinguishing performance of twin—-fluid nozzle
using the air and water were investigated. As the spray
characteristics, the spray distribution, droplet size, and downward
velocity and volume flow rate distributions of air were measured
with the inlet pressures of air and water flows. For the liquid pool
fire extinguishing experiment, the heptane (n-heptane) was used as
the fuel and three kinds of fuel source diameter (80, 120, and 160
mm) were tested. As increase in the fuel source diameter, both of
burning rate and heat release rate increased. Through a series of
fire  extinguishment  experiments,  the  extinguishment map,
extinguishment time, and estimated water consumption were
provided and discussed. In the higher air flow rate and smaller fuel
source diameter conditions, the heptane pool fire put out easier, and
the extinguishment time and estimated water consumption were
observed to be short and small, respectively. In addition, the effect
of water mist on the burning rate was examined. The burning rate
increased with increasing the air flow rate, which might be due to

the mixing enhanced by the water mist.
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Table 1. Some properties of heptane with hexane and ethano

1536)

Fuel Jleptane Hexane Ethanol
(n-Heptane)
Flash point (C) -4 22 13
Boiling temperature (C) 98 69 78.3
Ignition point (C) 215 225 363
Specific gravity (-) 0.68 0.7 0.8
Heat of combustion (kJ/kg) 44926 45100 26900
Explosion range (%) 1.1~6.7 1.1~7.5 33~19

10 -




Table 2. Summary of fuel pan and heptane fuel

Fuel pan diameter (mm) 80 120 160
Fuel pan height (mm) 45 65 80

Burning surface area (m?) 0.005 0.011 0.02
Heptane fuel volume (mL) 140 420
Heptane concentration (%) 95 98

_‘]‘]_




Figure 2. Pictures of load cell and indicator.
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Figure 3. Schematic diagram of experimental set-up for fire extinguishment

experiment.
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(a) Micro gear pump

Line Tech

(e) Mass flow meter (f) Data acquisition system

Figure 4. Experimental equipment.
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Table 3. Experimental conditions

Nozzle

Twin-fluid nozzle

Water flow rate (g/min) 156 ~483
Air flow rate (L/min) 30~70
Distance between nozzle )
and fire source (m)
Lighid, fuel (fggszze)
Fuel volume (mL) 140 420
Fire source diameter (mm) 80, 120 160
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Figure 5. Picture of fire experiment room.
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Figure 6. Experimental set-up of flow distribution measurement.
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Figure 7. Flow distribution measurement result
(Water flow rate = 641 g/min, Air flow rate = 70 L/min).
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Figure 8. Experimental set-up of droplet size (SMD) measurement.
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Figure 13. Normalized flow distribution measurement data

(Air flow rate = 50 L/min).
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Figure 16. Downward air flow velocity measurement data.
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Table 4. Burning rate and heat release rate under different fire source diameters

Fire source diameter (mm) 80 120 160
Heptane fuel volume (mL) 420
_ 0.094 0.285
Heptane weight (kg) 0.097
(+0.001) (£0.001)
s 1912 807
Burning time (s) 595
(£11.6) (£0.6)
_ 0.000049 0.000352
Burning rate (kg/s) 0.000163
(£0.000001) (+0.000001)
2.20 15.82
HRR (kW) 7.32
(£0.03) (£0.04)
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Figure 20. Effect of fire source diameter on burning rate.
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Figure 24. Extinguishment time under different fire source diameter conditions.
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