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Table 1- Fuel type properties used in the present study

Chemical Heat of Mass loss Fuel surface

Test type Fuel type Reference formula combustion Soot yield rate temperature
(kJ/kg) (kg/m?.s) (K)

S Arabian light [24]
Validation crude oil CyoHy; 4.32E4 0.08 0.0336 773
Present 'ra”'agncr”de [25] CroHa 4.32E4 0.07 0.054 523
St”g;fs;e“ Kerosene [26] CiyHae 4.32E4 0.042 0.063 523
Gasoline [27] CyHyg 4.44E4 0.07 0.086 393
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Table 2- Mesh resolution in different simulation models in this study

Test type Fuel type Fuel bed dimension No. Of mesh Meshes resolution (0"/ )
Validation Arabian light crude oil Diameter=1m 1201k 17
Crude oil Diameter = 25 m 1375k 19
Crude oil Diameter = 50 m 1375k 17
Crude oil Diameter = 75 m 1375k 15
Kerosene Diameter = 25 m 1375k 20
Present study test case Kerosene Diameter =50 m 1375k 18
Kerosene Diameter = 75 m 1375k 16
Gasoline Diameter = 25 m 1375k 58
Gasoline Diameter = 50 m 1375k 51
Gasoline Diameter = 75 m 1375k 47
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Figure 1- A) Grid dimensions of radiation verification geometry B) Number of considered meshes in the X, Y, Z direction
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Figure 2- Validation of radiation results at L/D=3, 5, 7 and height of 1.2 m above ground
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Figure 3- A) Geometry dimensions according to tank diameter B) Sensors location relative to fuel bed
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Table 3- Configuration of different tank scenarios

Fuel Type Tank Diameter (m) Tank Height (m)
1 Gasoline 25 15
2 Gasoline 50 15
3 Gasoline 75 15
4 Kerosene 25 15
5 Kerosene 50 15
6 Kerosene 75 15
7 Crude Oil 25 15
8 Crude Oil 50 15
9 Crude Oil 75 15
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Figure 4- Radiation Contour in the middle tanks for tanks diameter 25 m with different fuels
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Figure 5- Amount of radiation according to the distance from the center of the crude oil tank with a) 25 m, b) 50 m, and c) 75 m
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Table 4- Radiation hazards in tank fires for humans and nearby tanks

Radiation Referen
Damage Type Damage threshold Intensity Result Color code
b ce
(KW/m*)
Atmospheric Tank Eﬁ:ﬁgfé] 15 Collapse neighbor tank after 10 min Dark red color [31]
Death RHF 10 60 s may cause death
Human Major injury RHF 6.6 60 s will cause second-degree burns Orange color [14]
Minor injury RHF 3 60 s will cause first-degree burns Yellow color
Safe RHF Lower than 3 Safe area Green Color
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Table 5- Radiation emitted from kerosene and gasoline fuels according to the diameter and distance from the center of the tank

Fuel: Kerosene

D=25m D=50m D=75m
ZL5 1 ze3om | z=som | z=15m | z=30m | z=50m | Zz=L5m | Z=30m | Z=50m
X/D RHF (KW/m2) RHF (KW/m2) RHF (KW/m2)
1 3.83 44 5.1 6.61 7.2 7.9 7.48 8.3 9.35
2 29 3.1 &3 41 43 4.7 4.6 4.6 45
3 2.3 2.35 254 24 25 2.6 2.2 2.2 2.2
4 1.9 1.95 2 1.8 1.85 19 1.78 1.78 1.78
5 1.7 1.75 1.75 1.67 1.67 1.7 1.7 17 17
Fuel: Gasoline
D=25m D=50m D=75m
Z=nii..5 Z=3.0m Z=5.0m Z=15m Z=3.0m Z=5.0m Z=15m Z=3.0m Z=5.0m
XI/D RHF (kw/m2) RHF (kW/m2) RHF (kW/m2)
1 5.1 5.8 6.66 7.8 8.3 9.1 8.7 9.6 -I
2 3.7 3.9 4.2 4.75 4.85 583 4.7 4.7 4.6
3 25 2.6 2.7 2.7 2.7 2.7 24 24 24
4 2 2.05 21 1.95 1.95 1.95 1.86 1.86 1.86
5 1.75 18 1.83 17 1.7 17 17 17 17
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Figure 6- Side and top view of the radiation contour at different points for gasoline tank 75 m
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Table 6- Separation of radiation hazard areas according to the distance from the wall gasoline tank with a diameter of 75 m

Height
above the The zone layers and their distances from the tank wall (m) Pie chart (%)
ground
(0-3),(3-13),(13-93), (93— 163) , (163 — =) EITA
Z=15m safezone minorzone | majorzone minor zone safe zone
(0-3),3-10),(10-23), ,(33-93), (93— 163) , (163 — ») 33-/.‘ 29%
Z=30m safezone minorzone ' majorzone major zone minor zone safe zone
0=3), 3-8) ,(8=13), ,(63-93), (93 —163) , (163 = =)
Z=50m safezone minorzone major zone major zone minor zone safe zone
0=3) , N (10-53) B ,(68—93), (93 —163) , (163 = =)
Z=10.0m major zone [Escalation threshold] major zone minor zone safe zone

Safe Zone » Minor Zone Major Zone ® Death Zone m Escalation Threshold
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Figure 7- Example realistic view of tow tanks farm placement distance, safe and unsafe with focus on radiation
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English Abstract

Numerical study of pool fire radiation hazards in large-scale petroleum
derivatives storage tanks in windless condition
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The study of the radiation effects of the pool fire is significant considering the life and financial damages to individuals and
facilities of a refinery complex. Therefore, in the present study, the radiation resulting from a pool fire of three common fuels,
gasoline, kerosene, and crude oil, in three large fuel storage tanks with diameters of 25, 50, and 75 meters and a fixed height of
15 meters was studied numerically. In this study, FDS software was used, which is based on the finite difference approach with
an explicit time discretization. As an innovation, the amount of radiation at a height of 1.5, 3, and 5 meters were studied in order
to investigate the level of dangers to humans and firefighters of fire extinguishing machines, and at a height of 10 meters to
investigate the effect of radiation on other nearby tanks, at different horizontal distances. The results indicate that when the fuel is
gasoline, the highest radiation risk is between the tank wall and 1.7 times the tank diameter, and the minimum allowable distance
for the safe zone is 2.6 times the tank diameter, which increases with increasing height above ground level. It was also observed
that the radiation received at the same distance from tanks with similar diameters differed depending on the fuel, which has a
direct relationship with the heat release rate.

Keywords: Radiation hazards, Pool fire, Computational fluid dynamics, Fuel storage tanks, FDS software
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