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Abstract

When a fire occurs on a naval vessel, rapid suppression and control are essential to mitigate potential human and material
losses. Due to the nature of naval vessels, the risk of fuel fires is significant, making the use of aqueous film-forming foam
(AFFF) crucial for effective fire suppression. Additionally, the possibility of fires occurring within compartments on the vessel
must also be considered. Understanding the trajectory and application range of AFFF in such environments is vital, necessitat-
ing the design of firefighting systems tailored to compartmental conditions. In this study, an analysis was conducted to inves-
tigate the feasibility of applying spray height and angle for AFFF using computational fluid dynamics (CFD) methodology
as a validation tool. Based on these findings, CFD analysis results applicable to compartment environments on naval vessels
were obtained. These results will serve as the foundation for the development of firefighting systems capable of promptly
responding to fuel fires within naval vessel compartments.
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Figure 1. Classification of droplet breakup.
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Figure 2. Analysis geometry and grids (a : Full analysis area, b : Analysis geometry grid, ¢ : Analysis geometry section grid).
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Figure 3. Naval ship compartment spraying system schematic diagram.
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Figure 4. Analysis geometry and grids for compartment (a : Full analysis area, b : Analysis geometry grid, ¢ : Analysis geometry section grid).

Table 2. Analysis Conditions (Naval Ship Compartment)

Number of grids

(Hexahedron grid) About 800000

Analysis area [m] Wide (5), High (5), Length (25)
Injection pressure [bar] 6.5
Spray nozzle diameter [m] 0.04
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Water-liquid
(AFFF 6% physical properties applied)

Density : 1020 kg/m’
Viscosity : 8E-06 m*/s

Working fluid
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Table 3. Comparison of Experimental and Analysis Results According Table 4. Comparison of Experimental and Analysis Results According
to Grid Level to Injection Pressure
Expernﬁent Coarse  Medium Fine 2 bar 2.9 bar 3.7 bar
resu Experiment result [m] 20 26.5 30
Injection pressure [bar] 2.9 Analysis results [m] 22.8 26.7 29.5
Spray angle [°] 30 Error factor [%] 122% (p)  0.7% (up)  1.6% (down)
Spray reach [m] 26.5 26.7 26.7 26.9
Error factor [%)] - 0.7% (up) 0.7% (up) 1.3% (up) 35
-8 Experiment
-©-CFD simulation
AZ} 26.7 m, Medium ZA} 26.7 m, Fine A4} 26.9 m= YElt) A o
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Figure 6. Comparison of experimental results and verification analysis
results according to injection pressure.
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Figure 7. AFFF particle velocity and spray reach distance at final calculation time (2 seconds).
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Table 5. Maximum Spray Height and Spray Reach Distance According
to Spray Monitor Height (Based on Spray Angle of 5°)
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Table 7. Maximum Spray Height and Spray Reach Distance According
to Spray Monitor Height (Based on Spray Angle of 15°)

Spray Spray Analysis Maximum Spray Spray Spray Analysis Maximum Spray
angle monitor time spray height reach angle monitor time spray height reach
[°] height [m] [s] [m] [m] [°] height [m] [s] [m] [m]
0.5 1.70 12.85 0.5 3.80 12.89
1.0 1.75 18.99 1.0 3.87 19.36
1.0 1.0
1.5 1.76 19.33 1.5 4.01 23.33
2.0 1.79 19.49 2.0 4.06 25.00
0.5 221 12.78 0.5 426 12.61
s 1.0 225 19.03 s 1.0 432 18.99
1.5 2.30 20.53 1.5 451 22.94
s 2.0 2.24 20.52 s 2.0 4.55 25.00
0.5 2.45 12.97 0.5 4.80 12.53
1.0 2.78 19.24 1.0 4.78 18.84
2.0 2.0
1.5 2.78 21.52 1.5 4.96 22.82
2.0 2.79 21.53 2.0 4.99 25.00
0.5 321 12.70 0.5 5.00 12.29
1.0 3.26 18.83 1.0 5.00 17.10
2.5 25
1.5 3.28 22.17 1.5 5.00 20.81
2.0 3.28 22.15 2.0 5.00 23.93
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