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ABSTRACT: In this paper, large-scale pool fire behavior has been investigated with large eddy 
simulation. In order to investigate the efficiency of various combustion models in the pool fire simulation, 
two combustion models of the eddy dissipation model and infinite fast chemistry in two sub-grid scale 
models of Smagorinsky and one equation was evaluated. The infinite fast chemistry model has an over-
prediction in the reaction rate and flame temperatures in the simulation of pool fire. In addition, the eddy 
dissipation model, due to the use of time characteristic of turbulence and diffusion, has more accurate 
results in the prediction temperature field and flow behaviors. The eddy dissipation model with one-
equation sub-grid scale model has better prediction for the velocity field and there is a difference of 
about 5–10 % with the experimental measurements. However, the infinite fast chemistry combustion 
model can better fit with the Smagorinsky sub-grid scale than one equation sub-grid scale model in the 
simulation of pool fire. The numerical results predicted by the different combustion models and sub-grid 
models for vertical velocity along the central line are in the range of experimental results, and almost all 
models predict the vertical velocity in this line, good.
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1. Introduction
In general, fire can be divided into two categories of jet 

fire and plume fire. The criterion for this division is based 
on the ratio of buoyancy forces to momentum (Richardson 
number). 

Pool fire is a reactive plume and low-kinetic combustion in 
which buoyancy force is the dominant force on its movement. 
In the category of poll fire, pool fire with diameter of the fuel 
source of about 1 meter and above is a large-scale pool fire, 
and pool fire with a diameter of the fuel source of less than 30 
to 50 cm is called a small-scale pool fire [1, 2].

McGrattan [3] conducted the first study on the use of a 
Large Eddy Simulation (LES) method in open and closed 
fire simulation. Yang et al. [4] using the LES model with 
Fire Dynamics Simulator (FDS) software, three combustion 
models of eddy dissipation, infinite fast chemistry and 
combustion model based on mixture fraction for the fire 
scenario in a single space room with an entrance. Maragcos et 
al. [5] modified the coefficients of the eddy dissipation model 
by comparing two eddy dissipation combustion models and 
eddy dissipation concept. In this study, the coefficient of the 
eddy dissipation combustion model was changed from 1 to 
8 and it was concluded that coefficient 1 predicts a precise 
result.

In the present study, the modeling of the open-air pool fire 
by using simple combustion models, which is in accordance 

with the fire physics, which is usually a fast chemistry kinetic, 
is considered and the effects of wall was ignored, in other 
words, in the simple manner of the effect of the combustion 
model on fire modeling were investigated.

2. Governing Equations
Using the Favre filtering method can filter the equations 

of reactive flow such as continuity, momentum, energy, and 
species transport equations. Smagorinsky [6] and single 
equation [7] Sub-Grid Scale (SGS) model for sub-grid stress 
and infinite fast chemistry and eddy dissipation combustion 
model was used for single-step reactions, and the radiation 
model of the discrete-ordinate approach was used for 
radiation modeling [8].

3. Numerical Method 
In the present modeling, the fireFoam solver has been 

used; in the fireFoam solver, the equations are implicitly 
applied in the program. The value of the local Courant 
number is considered to be 0.4. For all convective terms in 
flow equations, turbulent kinetics energy, energy transfer, the 
transfer of species, the second-order scheme has been used.
In this paper, a simulation based on the test carried out by 
Tieszen et al. [9], was conducted for a methane fuel with a 
fuel inlet diameter of one meter. for a methane fuel with a 
fuel inlet diameter of one meter. The amount of intake of 
fuel was 0.0666  . In order to model the pool fire, *Corresponding author’s email: gheidari@modares.ac.ir
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the computational domain of 3 × 3 × 3 m3 as shown in Fig. 1 
was considered, and four types of 216000, 500000, 1000000, 
2000000 grids were considered as the study of the effect 
of the computational grid, and the grid of one million was 
selected as the main grid.

The results are presented in four cases of Smagorinsky 
SGS-eddy dissipation combustion model (S_E), Smagorinsky 
SGS-infinite fast combustion model (S_I), one equation 
SGS-eddy dissipation combustion model (O_E) and one 
equation SGS-infinite fast combustion model (O_I) In order 
to investigate the compatibility of the combustion model with 
SGS model in modeling the pool fire.

 

 

Fig. 1. The computational domain 
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Fig. 2. Mean vertical velocity at a) y= 0.3 b) y= 0.6 c) y= 
0.9 m 

 

 4. Results
In the pool fire, with a spark or other agent, the fuel around 

the fuel source starts to ignite. Since the ratio of fuel to air is 
high around the fuel source, so there is a rich combustion 
area in this area. By combustion formation, the temperature 
of the combustion gases as well as the gases surrounding 
the combustion products increases and, consequently, the 
density of the mixture decreases. By reducing the density of 
the mixture relative to the environment, the buoyancy force 
is activated corresponding to the difference in density of the 
mixture with the surrounding environment. In the next step, 
hot gases from the combustion process move upward due to 
buoyancy forces. In fact, at this stage, the flame is formed and 
transmitted as a plum to the top and disappears at the end of 
the flame by interrupting the combustion.

As seen in Fig. 2, between 4 cases, O_I case predicts the 
best results, for example, at 0.6 m, the relative error is about 
29 %, and at 0.9 m, is about 14 %, which is the error within 
the range of experimental data error (20%) and, of course, 
at the Y = 0.3 level, most models have modeled the results 
with more error, which is due to the fact that in reality near 
the fuel bed, the combustion starts gradually and therefore, 
the temperature and consequently the velocity gradually 
increases, but in the modeling by combustion models based 
on the fast chemistry combustion with a faster speed than the 
experimental, and so the difference between numerical and 
experimental results is more pronounced at this point.

5. Conclusions
The prediction of the numerical temperature results in the 

nature of two combustion models, such as the infinite fast 
chemistry combustion model. When the fuel and oxidant are 
encountered, the reaction proceeds according to the equations 
of the irreversible stoichiometric equation, and therefore the 
temperature is higher than the eddy dissipation model and 
when the temperature is more predicted, the energy of the 
mixture is higher and also the density is lower. Therefore, the 
buoyancy force on the fluid is higher and therefore the vertical 
velocity is higher, and vice versa, when the temperature is 

Fig. 2. Mean vertical velocity at a) y= 0.3 b) y= 0.6 c) y= 0.9 m
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