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! Computational Fluid Dynamics (CFD)
2 Fire Dynamic Simulator (FDS)
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! Fire development index (FDI)
2 Fire severity index (FSI)
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Table 1- Test scenarios used to validate FDS results

Fuel | Ambient RH (%) | Ambient temperature (°C) | Experiment number
Diesel 50 20 1
Diesel 90 20 2
Diesel 50 30 3
Diesel 90 30 4
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Table 2- The conditions of the simulations performed in FDS based on changes in temperature and relative humidity of the chamber

air
Simulation number | Ambient temperature (°C) | Ambient RH (%0)
1-4 0 30-50-70-90
5-8 10 30-50-70-90
9-12 20 30-50-70-90
13-16 30 30-50-70-90
17-20 40 30-50-70-90
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! National Institute of Standards and Technology (NIST)
2 Large eddy simulation (LES)

% Direct numerical simulation (DNS)

* Heat release rate

® Very large eddy simulation (VLES)

® Simple very large eddy simulation (SVLES)

" filtering
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Table 3- Summary of properties of materials used in FDS simulation

Parameter Units Concrete | Steel
Density kg.m™3 2430 7850
Specific heat capacity | kJ.kg™t.K™! 0.74 0.46
Thermal conductivity | W.m™.K™? 15 458
Emissivity - 0.7 1

! Eddy Dissipation Model (EDM)
2 Gray gas

® Radiative Transport Equation

4 Absorption

® Emitting

® Scattering

" Wide Band Model
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Table 4- Specifications of diesel fuel used in FDS for simulation.

Parameter Units Diesel
Chemical formula C1Ha

Soot yield ke.kg'X | 0015
Carbon monoxide yield kg.kg™! 0.006
Heat of combustion MJ.kg™! 42.0
Radiative fraction - 0.35
Liquid Evaporation

Boiling temperature °c 216
Heat of vaporisation k].kg™? 280
Heat of gasification k].kg™? 737
Specific heat capacity | kJ.kg™'.K™! 2.4
Thermal conductivity W.m LK™ | 018
Absorption coefficient m™? 300
Emissivity - 0.95
Density kg.m™3 749
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Figure 1- The dimensions and geometry of the fire chamber in the simulation similar to the chamber studied by Li and Zhang [25]
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Table 5- Number of computing grid based on different cell sizes for FDS simulation

Simulation | Meshtype | Grid resolution (%) | Meshsize (m) | Number of cells
dx

1 coarse 4 14 8100
2 moderate 10 5 189720
3 fine 16 3.4 614250
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Figure 2 - Comparison of chamber temperature results in Li and Zhang's study at 20°C temperature and 50% relative humidity [25]
with FDS simulation results for different grid sizes
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Figure 3 - Comparison of chamber temperature results in Li and Zhang's [25] study with software simulation results for diesel fuel
at different temperature and relative humidity of the chamber air. (a) Temperature 20 C and relative humidity 50%. (b)
temperature 30 C and relative humidity 50%o. (c) temperature 20 C and relative humidity 90%. (d) temperature 30 C and relative
humidity 90%
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Figure 4 — Definition of fire development index value
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Figure 5 - Comparison of Li and Zhang's [25] study results with simulation results for fire development index
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Figure 8- Comparison of the radiation heat transfer results of the chamber in Li and Zhang's [25] study with the results of software
simulation for diesel fuel at different temperature and relative humidity (RH) of the chamber air. (a) Temperature 20 °C and RH
50%. (b) temperature 30 °C and RH 50%
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Figure 10- Comparison of Li and Zhang's [27] study results with simulation results for fire intensity index
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Figure 12- The effect of changes in chamber air temperature on the fire intensity index at constant relative humidity (RH)
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Numerical study on the effect of ambient air temperature and relative
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Understanding the behavior of pool fires under various environmental conditions can be valuable for
assessing the risks of such fires and improving fire prevention and control methods in petrochemical and
process industries. This numerical study aimed to investigate the impact of changes in ambient temperature
and relative humidity on the behavior of diesel pool fires. The variations in maximum temperature and
radiative heat transfer were simulated using the capabilities of Fire Dynamics Simulator (FDS) software in
modeling pool fires. To examine the effect of ambient air conditions, two indexes were defined: fire
development index, which is the ratio of maximum flame temperature to the time required to reach this
temperature, and fire intensity index, defined as the product of average radiative heat flux during the fully
developed stage and the duration of this stage. The findings indicated that an increase in relative humidity
resulted in a 6.7% decrease in the average fire development index, while an increase in ambient temperature
led to a 12.5% rise in this index. However, an increase in ambient temperature or relative humidity had no
significant effects on the fire intensity index, reducing it by less than 2%. Also, the simulation results showed
good agreement with experimental data.

Keywords: Diesel pool fire, maximum temperature, radiant heat transfer, ambient air conditions, FDS
software
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