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Abstract 
Accidental explosions are a plausible danger to the chemical process industries. In 

the event of a gas explosion, any obstacles placed within the path of the flame 

generate turbulence, which accelerates the transient flame and raises explosion 

overpressure, posing a safety hazard. This paper presents numerical studies using 

an in-house computational fluid dynamics (CFD) model for lean premixed 

hydrogen/air flame propagations with an equivalence ratio of 0.7. A laboratory-scale 

combustion chamber is used with repeated solid obstacles. The transient 

compressible large eddy simulation (LES) modelling technique combined with a 

dynamic flame surface density (DFSD) combustion model is used to carry out the 

numerical simulations in three-dimensional space. The study presented uses eight 

different baffle configurations with two solid obstructions, which have area blockage 

ratios of 0.24 and 0.5. The flame speed, maximum rate of pressure-rise as well as 

peak overpressure magnitude and timing are presented and discussed. Numerical 

results are validated against available published experimental data. It is concluded 

that, increasing the solid obstacle area blockage ratio and the number of consecutive 

baffles results in a raised maximum rate of pressure rise, higher peak explosion 

overpressure and faster flame propagation. Future model development would require 

more experimental data, probably in a more congested configuration. 

Introduction 
Hydrogen benefits from its high energy density and renewability when compared to 

alternative hydrocarbons (Møller et al., 2017). There are multiple renewable methods 

to harvest green energy, which consider the urban impact of the fuel extraction 

process (Tong et al., 2018). A fuel/air mixture prone to combustion can be generated 

as a result of a flammable gas such as hydrogen (H2) being accidentally released 

into the atmosphere. If accidental ignition occurs from an external source, flame 

deflagration is likely to follow. This deflagration can result in high combustion 

overpressure, particularly in the presence of solid obstructions. In many situations, 

the danger is posed by the peak combustion overpressure rather than the high 

temperatures of the transient flame. Key parameters such as the timing and 

magnitude of peak overpressure are essential for consideration by design and safety 

engineers. As a result, there is increasing demand for adequate modelling 

techniques which can carry out such predictions to ensure the safety of process 

industries. Several factors can influence the overpressure magnitude and timing 

including obstacle area blockage ratio, obstruction separation distance, mixture 

strength and the type of fuel (Al-Harbi, 2013; Al-Harbi et al., 2014; Ibrahim et al., 



2009; Ibrahim and Masri, 2001; Masri et al., 2011; Na’inna et al., 2013). Some 

algebraic attempts have been made to predict explosion overpressure in specific 

conditions, however the drawback of these numerical approaches is that the 

generated turbulence is not taken into consideration (Bjerketvedt et al., 1997).  

Computational Fluid Dynamics (CFD) has been introduced to the process industries 

relatively recently, with improvements in the technique resulting in it being a suitable 

alternative to experiments (Both et al., 2019; Diakow et al., 2018; Fiates et al., 2016; 

Middha, 2010; Middha et al., 2009; Mouilleau and Champassith, 2009). The most 

frequently used CFD techniques include the Reynolds-averaged Navier-Stokes 

(RANS) approach, direct numerical simulation (DNS) and large eddy simulations 

(LES) (Versteeg and Malalasekera, 2007). Than RANS approach has been 

successfully used to investigate the safety aspect of accidents and explosions for 

applicable structures (Catlin et al., 1995; Efthimiou et al., 2017; Huang et al., 2020; 

Popat et al., 1996). The RANS technique has also been applied to large scale 

applications, providing adequate results within the defined applications (Baraldi et 

al., 2017, 2010; Marangon et al., 2009; Vyazmina and Jallais, 2016). However, the 

drawback of using RANS is that the modelling technique is not the most accurate as 

a result of its averaging nature, meaning that some adjustment of model parameters 

is typically needed for satisfactory results. While DNS can provide highly accurate 

results, it usually requires considerable computational expense (Versteeg and 

Malalasekera, 2007). On the other hand, large eddy simulations explicitly resolve 

large scale flow and model the small-scale part of the flow. LES provides results to 

good degrees of accuracy without the required extensive computational resources 

vital to DNS. The LES technique has been accepted as an alternative modelling 

method which is more accurate than RANS as it is better in accounting for anisotropy 

and does not involve the same averaging characteristics of RANS. LES retains three 

dimensionality and can provide better predictions when compared to RANS for 

explosions in confined spaces, as obstacles can result in shear layers and wakes 

within recirculation zones in a highly turbulent environment. Applying the averaging 

approach to such studies would reduce the quality of numerical results. Several 

studies have used LES to provide predictions of explosions in various applications 

(Cheng et al., 2020; Cocks et al., 2015; Di Sarli et al., 2009; Ghani et al., 2015; 

Ibrahim et al., 2009; Jaravel et al., 2017; Li et al., 2016; R. Mercier et al., 2015; 

Molkov et al., 2006; Puggelli et al., 2021; Rochette et al., 2018; Schmitt et al., 2015; 

Veynante and Moureau, 2015; Volpiani et al., 2017; Wen et al., 2012). Examples of 

this is consist of investigating vented explosions, including hydrogen, in a laboratory 

scale combustion chamber (Abdel-Raheem et al., 2015; Di Sarli et al., 2009; S. R. 

Gubba et al., 2008; Sreenivasa Rao Gubba et al., 2008; Gubba et al., 2010, 2007; Li 

et al., 2018b, 2018a, 2018c, 2017; Makarov et al., 2007; Masri et al., 2006). For LES 

to be applicable to safety-related investigations, an appropriate sub-grid scale (SGS) 

combustion model, which can produce results for various flow conditions and 

mixtures, needs to be applied (Di Sarli et al., 2009; Makarov et al., 2007; Molkov et 

al., 2008). The Flame Surface Density (FSD) solves for a reaction progress variable 

and models the reaction rate as a function of the filter width. FSD models have been 

used for predictions of turbulent premixed combustion (Cant et al., 2004; Di Sarli et 

al., 2009; S. R. Gubba et al., 2008; Williamson et al., 2005). Previous research has 



shown the importance of the FSD based SGS approach using LES (Boger et al., 

1998; Hawkes and Cant, 2000; Ma et al., 2013). The Dynamic Flame Surface 

Density (DFSD) model expands on the FSD model by dynamically evaluating the 

SGS portion of the flame wrinkling (Wang et al., 2012). The DFSD model was initially 

applied for predicting an expanding turbulent flame and is expanded and applied to 

the present study. One of the primary advantages of this approach is its ability to 

adjust the model coefficient dynamically based on the resolved flame wrinkling. This 

is beneficial to the process industries, as an accidental explosion can have a flame 

change dynamically from initially laminar to fully turbulent as a result of repeated 

obstructions. Additionally, since the DFSD model is dynamic, it can outperform 

typical algebraic models without parameter tuning for applications of various scales. 

It is imperative that LES is capable of reproducing all stages of an explosion 

generated flame for it to be applied to these numerous scales. An appropriate 

starting point is a lab-scale combustion chamber (Al-Harbi, 2013). This paper further 

validates the DFSD model (Gubba et al., 2007) using a lean hydrogen/air mixture 

applied with several baffle configurations and obstacles with two different area 

blockage ratios. Numerical results for the flame speed, rate of pressure rise, peak 

overpressure magnitude and timing will be validated against published experimental 

data. Numerical predictions are provided for flame speed where experimental 

equipment, and hence experimental data, was limited.  

Experimental test case 
Model validation is carried out using experimental data obtained from the lab-scale 

combustion chamber developed at the University of Sydney, Australia (Al-Harbi, 

2013; Al-Harbi et al., 2014; Masri et al., 2011). The chamber schematic is shown in 

Fig. 1a. The chamber has a square cross-section and measures 50 x 50 x 250 mm 

(5:1 aspect ratio) and has a volume of 0.625 L. The chamber is equipped with three 

removable baffle plates positioned at 19 mm, 49 mm and 79 mm from the base of 

the chamber. As shown in Fig. 1b, each baffle is made of five 4 mm wide strips 

which are 3 mm in thickness, evenly spaced by 5 mm gaps. Each baffle provides an 

area blockage ratio of 0.4. A solid obstruction with a square cross section is placed 

96 mm from the base of the chamber. Two square obstacles can be used with a 

small obstacle having a side length of 12 mm for an area blockage ratio of 0.24 or a 

large obstacle with a side length of 25 mm for an area blockage ratio of 0.5.  

The mixture is introduced to the chamber via a non-return valve at atmospheric 

pressure. The lean hydrogen/air mixture (Ф=0.7) is then allowed to rest before 

ignition. The hinged flap at the top of the chamber is fully opened one second before 

ignition, and remains open for the length of the experiment, allowing for venting 

throughout the length of the explosion. Nd:YAG laser provides ignition by focusing 

an infrared output 2 mm above the base of the chamber. Ignition marks the start of 

the experiment.  

Pressure readings are recorded with two Keller type PR21-SR piezo-electric 

pressure transducers at 25 kHz. One pressure transducer is placed in the base plate 

of the chamber and another is placed in the wall of the chamber 64 mm from the 

vent. Flame images are taken using high-speed laser-induced fluorescence from OH 

(LIF-OH) at 5 kHz.  



 
The current study uses 8 different baffle configurations which are shown in Fig. 2. 

Each configuration has a name based on the baffle arrangement and obstacle size. 

For example, configuration BBBL uses three consecutive baffles and a large square 

obstacle whereas configuration B0BS uses baffles 1 and baffle 3 combined with the 

small square obstacle. Experimental data used to validate numerical results in this 

paper is an average from minimum of 30 experiments. 

Experimental limitations 

Experiments using the lab-scale combustion chamber provided data for hydrogen at 

two equivalence ratios (Al-Harbi, 2013; Al-Harbi et al., 2014; Masri et al., 2011). 

However, due to hydrogen’s high reactivity, the equivalence ratios were limited to 0.7 

and 0.8. This is due to excessive overpressure at higher equivalence ratios which 

would exceed the 100 kPa (1000 mbar) limit of the pressure transducers (Masri et 

al., 2011). Combining an increased equivalence ratio with a solid obstacle of a higher 

ABR would further amplify explosion overpressures. LIF-OH images were captured 

for all configurations using the smaller obstacle. However, flame speed data is 

limited for configurations using the larger obstacle and is only available for 

configuration 0B0L. LIF-OH is able to capture the flame position and provide flame 

speed data due to the relatively low flame speed when this configuration is applied. 

Fig. 1 – Combustion chamber schematic (a) and removable baffle (b) (all 

dimensions in mm, not to scale). 

 (a) Chamber 

 (b) Baffle 



Using configurations with additional baffles combined with the large obstacle result in 

higher transient flame speeds, which cannot be captured with the current flame 

imaging equipment. As a result, more advanced imaging equipment would be 

required to capture flame images and subsequently provide flame position and 

speed data for all configurations using the larger obstacle (ABR of 0.5) (Al-Harbi, 

2013). 

Numerical setup 
Conservation equations for energy, mass and momentum govern numerical 

simulations for premixed combustion. The chemical state of the fuel/air mixture is 

identified by the Favre averaged reaction progress variable c̃. This is defined by c̃ = 1 

for a fully burned mixture and c̃ = 0 for an unburned mixture. It can be challenging to 

model the reaction rate for turbulent premixed combustion as a result of complex 

interaction between turbulence levels, thermodynamic and chemical states. To 

simplify the system, a unity Lewis number is assumed, Zeldovich instability is 

neglected and a single step irreversible chemical reaction between reactants and 

products is applied. Further details on the numerical model are available elsewhere 

(Gubba et al., 2007).  

The Favre averaged reaction progress variable c̃ is defined as: 

c̃ = 1 −
𝑚𝑓

𝑚𝑓
0 

 
(1) 

where, 𝑚𝑓 is the local fuel mass fraction and 𝑚𝑓
0 is the unburned fuel mass fraction in 

the mixture. The Favre-filtered transport equation for the reaction progress variable c̃ 

is given by the general form: 
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Where ωċ̅̅ ̅̅  is the filtered source term, which can be closed by the flame surface 

density concept as: 

Fig. 2 – The 8 baffle configurations with combinations of the Large (L) or Small (S) 

obstacle. 



ωċ̅̅ ̅̅ = ρuSL
0∑ (3) 

where ρu is the fresh mixture density and SL
0 is the un-strained laminar burning 

velocity. The sub-grid scale flame surface density ∑ is: 

∑ = 4 √
6

π
Ξ∆

c̃(1 − c̃)

∆
 

 
(4) 

where ∆ is the combustion filter width and Ξ∆ is the sub-grid scale wrinkling factor. 

Previous research suggests that the combustion filter width ∆ should be greater than 

the mesh size ∆x enabling the filtered progress variable gradients to be well resolved 

when using an LES grid (Boger et al., 1998; Boger and Veynante, 2000; R Mercier et 

al., 2015; Wang et al., 2012). In this study the filter width used is 6 times the mesh 

size (∆ = 6∆x). Substituting equations (3) and (4) into the c̃ equation (2) gives (Boger, 

2000; Boger et al., 1998): 
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(5) 

The modified diffusion term is included to control the thickness of the filtered flame 

and to apply the appropriate laminar burning velocity where the SGS turbulence is 

not present (Boger and Veynante, 2000; Ma et al., 2013; R Mercier et al., 2015). The 

sub-grid-scale flame wrinkling factor Ξ∆ is described as a ratio of total and resolved 

flame surfaces locally, and accounts for the SGS flame surface lost through the 

filtering procedure. The SGS wrinkling factor is given by:  

Ξ∆ = (
∆

𝛿𝑐
)

𝛽

 
 

(6) 

Where 𝛿𝑐 is the inner cut-off scale as defined by the user and should be a multiple of 

the laminar flame thickness SL
0 (R Mercier et al., 2015). The current study applies 𝛿𝑐 

= 4SL
0. 𝛽 is solved for dynamically by relating between the test-filtered and resolved 

flame front and is defined as: 

𝛽 ≈
ln(〈|∇c̃|̂ 〉/〈∇ĉ̃〉)

ln (√1 + (∆̂/∆)
2

)

 
 

(7) 

Where ∆̂ is the test filter width, the spatial averaging is defined by 〈… 〉 and the test 

filtering is defined by …̂ and both are applied using an implemented Gaussian filter 

(Wang et al., 2011). The test-filter is set to ∆̂ = 1.1∆ and the averaging-filter width is 

set to ∆m = 3.0∆̂. The test filter width typically should be greater than the filtered 

flame thickness. The laminar burning velocity is set to 1.25 m/s and the thermal 

flame thickness is set at 0.12 mm for a hydrogen/air mixture with an equivalence 

ratio of 0.7 (Aung et al., 1997; Vermorel et al., 2017). 



Computational setup 
Numerical simulations for lean hydrogen explosions using LES are carried out using 

an in-house code called PUFFIN (Kirkpatrick, 2002). The finite volume method is 

applied on a Cartesian grid solving momentum, mass and scalar equations for 

compressible flows. The overall computational domain measures 325 x 325 x 500 

mm in the x, y and z directions respectively.  

 

The computational domain is extended in the z direction, and non-reflecting far-field 

boundaries are applied to avoid pressure reflection effects. Within the computational 

domain, the combustion chamber measures 50 x 50 x 250 mm. Adiabatic and no-slip 

boundaries are applied to the solid walls of the chamber. The shear stress at the wall 

is solved for using the 1/7th power law wall function developed by Werner and 

Wengle (Werner and Wengle, 1993). The dynamic Smagorinsky eddy viscosity 

model (Germano et al., 1991) is used for SGS turbulence modelling. The 

conservation equations for scalars use second-order central differencing scheme for 

diffusion terms. To avoid oscillation issues within the solution, the SHARP scheme is 

applied for advection terms of scalar equations (Leonard, 1979). Additional details 

Fig. 3 – Computational domain showing combustion chamber, obstacles and grid 

resolution. 



regarding the computational setup including the reaction mechanism, chemical 

model and boundary conditions can be found elsewhere (Kirkpatrick, 2002).  

A computational grid resolution of 2.72 million cells (90 x 90 x 336) is applied 

following an extensive grid sensitivity study. Grid refinement is consistent for all 

baffle configurations and both solid obstacles. Increased grid resolution is applied to 

regions of increased flame-obstacle interaction. The grid refinement ensures that the 

filtered flame thickness is smaller than the spaces between the baffle plate strips. 

The grid refinement, chamber walls and obstructions are shown in Fig. 3. Ignition is 

initiated by introducing a burned flame kernel, defining a number of cells to have a 

reaction progress variable of 0.5. The kernel is located at the bottom of the chamber, 

where ignition would be initiated, and is hemispherical in shape, with 4 mm radius. 

Results and discussion 
Numerical results show flame-obstacle interaction and overpressures produced as a 

result of lean hydrogen/air explosions. Numerical results for the generated 

overpressure histories, rate of pressure rise and flame speeds from LES – DFSD 

model are compared with available experimental data. The primary focus of this 

study is to investigate maximum overpressure magnitude and timing following 

ignition as well as the maximum rate of pressure rise for two ABRs of 0.24 and 0.5. 

Transient flame interaction with solid obstacles 

Figure 4 shows high-speed LIF-OH experimental images of the transient hydrogen 

flame for configuration BBBS. Figures 5 and 6 show predicted LES – DFSD images 

of the Favre averaged reaction progress variable (c̃) for configurations BBBS and 

BBBL respectively. As mentioned earlier, imaging equipment was limited, and 

experimental images were not available for configuration BBBL with a lean 

hydrogen/air mixture. Regardless, a brief analysis is provided based on the 

numerical predictions provided. Time stamps at the top of each image provide the 

time since ignition, which marks the start of the experiment.  

Fig. 4 – High-speed LIF-OH images of lean hydrogen/air flames using 

configuration BBBS (Al-Harbi, 2013). 



 

Fig. 5 – LES – DFSD results for the reaction progress variable for lean 

hydrogen/air flames using configuration BBBS. 

Fig. 6 – LES – DFSD predictions for the reaction progress variable for lean 

hydrogen/air flames using configuration BBBL. 



The timeframes chosen in the images convey the flame as it jets through the final 

baffle, dividing into four separate channels. The flame then follows the path of least 

resistance on either side of the square obstruction. When the small square obstacle 

is used in configuration BBBS, there is a larger lateral area for the flame to spread 

and consume the unburnt mixture. The increased ABR of the solid obstacle affects 

the flame structure as a result of changes to the flow. When the flame reaches the 

square obstruction, there is also an initial slight reduction in the flame speed. As the 

flow travels past the obstacle it then recirculates behind the solid obstruction. As 

expected, a larger recirculating wake is created in Fig. 6 behind the larger obstacle 

when compared with Fig. 5. The large obstacle used in configuration BBBL has 

almost double the ABR, the flame is impeded by the increased blockage before 

proceeding to burn most of the fresh mixture on either side of the obstacle. A higher 

peak explosion overpressure and increased maximum rate of pressure rise is 

experienced as a result of this larger recirculating wake when using configuration 

BBBL is applied, as is conveyed by Figure 14. Similarly, the flame speeds then 

increase notably once the mixture in the wake is consumed. The flame subsequently 

consumes the remaining unburnt mixture within the chamber before travelling 

towards the vent at the top of the chamber. Good agreement in the flame structure 

as well as timing of the flame position and between Figures 3 and 4 confirms the 

capability of LES – DFSD to reproduce experimental data and provides confidence in 

future numerical predictions of the flame structure, such as those shown in Fig. 6. 

Explosion characteristics: Overpressure 

Overpressure-time histories are shown in Figures 7 through 14 for all possible 

configurations using 1, 2 and 3 baffles in every arrangement. In the figures, B1 refers 

to the first baffle, B2 refers to the second baffle and B3 identifies the third baffle. S 

denotes the small square obstacle whereas L represents the large square obstacle. 

Configurations 000L and 000S are also shown in Figure 7 and result in the lowest 

explosion overpressure. Since quasi-laminar combustion results in minimal explosion 

overpressure, it is not a major concern. The in-house code has subsequently been 

optimised for modelling fully turbulent combustion. As a result, numerical results offer 

a somewhat reduced accuracy for baffle arrangements with reduced turbulence. 

Configurations which have a large separation distance such as B00L or B00S also 

have relatively lower explosion overpressures due to a reduced turbulence intensity. 

 

Fig. 7 – Overpressure-time traces for configuration 000L (left) and 000S (right). 



 

 

 

 

 

Fig. 8 – Overpressure-time traces for configuration B00L (left) and B00S (right). 

Fig. 9 – Overpressure-time traces for configuration 0B0L (left) and 0B0S (right). 

Fig. 10 – Overpressure-time traces for configuration 00BL (left) and 00BS (right). 

Fig. 11 – Overpressure-time traces for configuration BB0L (left) and BB0S (right). 



 

 

 

Baffle configuration 

Despite the lack of turbulence generated by a single baffle for configuration B00L, 

the peak combustion overpressure magnitude obtained experimentally of 475.37 

mbar is well reproduced numerically at 499.26 mbar. Decreasing the obstacle 

separation distance raises the maximum explosion overpressure to 522.45 mbar for 

configuration 0B0L. The maximum rate of pressure rise for configuration 0B0L is 

1.76x106 mbar/s which is as also well reproduced when compared to 1.84 x106 

mbar/s obtained experimentally. Configurations 00BL and 00BS have a minimum 

obstacle separation distance and hence produce the highest combustion 

overpressure for a single baffle configuration. A peak overpressure of 699.74 mbar is 

produced by configuration 00BL, whereas 623.83 mbar is obtained from 

configuration 00BS.  

Fig. 12 – Overpressure-time traces for configuration B0BL (left) and B0BS (right). 

Fig. 13 – Overpressure-time traces for configuration 0BBL (left) and 0BBS (right). 

Fig. 14 – Overpressure-time traces for configuration BBBL (left) and BBBS (right). 



Placing an additional baffle raises the peak combustion overpressure and the 

maximum rate of pressure rise. For example, configuration 0B0S produced 324.30 

mbar of peak combustion overpressure, which increases to 466.72 mbar when the 

baffle closest to the base of the chamber is added in configuration BB0S. Numerical 

results for configurations B0BL and B0BS in Figure 11 may not best represent 

experimental data, although the pressure rise and decay is well replicated. The 

maximum rate of pressure rise obtained numerically for configuration B0BL of 

2.02x106 mbar/s accurately reflects the experimental 1.97x106 mbar/s.  

Using three consecutive baffles results in the highest peak explosion overpressure. 

Additionally, since fully turbulent combustion is maintained, the pressure-histories 

using both the small and large obstacle represent the experimental data to a high 

degree of accuracy as shown in Figure 13. Configuration BBBL produces a peak 

explosion overpressure of 931.16 mbar and configuration BBBS produces 789.75 

mbar. 

Area blockage ratio 

Increasing the square obstacle ABR results in an increased maximum explosion 

overpressure and a higher maximum rate of pressure rise across all baffle 

configurations. For example, the peak combustion overpressure for configuration 

B00S is 316.79 mbar, increases to 499.26 mbar for configuration B00L. The same 

trend is observed when looking at Figure 13, as configuration 0BBS produces 636.77 

mbar whereas configuration 0BBL peaks at 735.95 mbar of overpressure. In Figure 

14, configuration BBBL produces a maximum rate of pressure rise of 3.50x106 

mbar/s while configuration BBBS has a peak rate of pressure rise of 3.00x106 

mbar/s. 

Explosion characteristics: flame speed 

The flame position with respect to time is recorded experimentally by tracking the 

propagating flame front using high-speed LIF-OH images. Flame speed data is then 

subsequently obtained. As mentioned earlier, flame speed data is available for all 

configurations using a square obstacle with an ABR of 0.24. On the other hand, 

flame speed data is only available for configuration 0B0L when using an ABR of 0.5. 

Regardless, numerical predictions are provided below for the flame speed where 

experimental data is limited.  

 

Fig.15 – Speed-time traces for configurations with up to one baffle with solid 

obstacle ABR 0.5 (left) and 0.24 (right). 



 

When comparing the flame speeds in Figures 15 and 16, it is clear to see that 

increasing the number of baffles progresively increases the transient flame speed. 

The maximum speed is also generally reached within a reduced timeframe. For 

example, configuration 000S reaches a maximum speed of 17.91 m/s at 5.80 ms. 

Configuration 00BS reaches a peak speed of 109.18 m/s at 5.40 ms. An additional 

baffle using configuration B0BS results in a raised maximum speed of 128.93 m/s at 

4.00 ms. As expected, the highest speed for an ABR of 0.24 is attained by 

configuration BBBS at 165.71 m/s at 4.00 ms. Increasing the ABR of the square 

obstacle to 0.5 also raises the maximum flame speed as configuration 0B0L reaches 

143.06 m/s at 5.20 ms whereas configuration 0B0S peaks at 108.46 m/s at the same 

time of 5.20 ms. The same trend is observed for results predicting flame speed 

across all additional configurations using the larger ABR when compared with the 

smaller ABR. 

Conclusions 
This paper presents an investigation of large eddy simulations (LES) with the 

dynamic flame surface density model (DFSD) numerically studying lean hydrogen 

explosions within a lab-scale explosion chamber. Eight different flow configurations 

are used with up to three solid baffles in all available combinations. The 

configurations are combined with a small obstacle (ABR of 0.24) and a large 

obstacle (ABR of 0.5). The LES – DFSD predictions are made where published 

experimental data is available. The following conclusions are made from the current 

study: 

• The hydrogen flame is initially quasi-laminar before interaction with turbulence 

inducing baffles. Subsequently, successive baffles increase turbulence 

intensity and result in a fully turbulent flame. 

• The numerical model is capable of reproducing the hydrogen flame structure 

as captured in experimental images. 

• A decreased obstacle separation distance and an increased square 

obstruction ABR results in higher maximum overpressures and greater rates 

of pressure rise. 

• Increasing the ABR and the number of baffles in the chamber results in higher 

flame speeds. 

Fig. 16 – Speed-time traces for configurations with two or three baffles with solid 

obstacle ABR 0.5 (left) and 0.24 (right). 



• Increased transient flame speeds are linked with a higher rate of pressure rise 

and greater peak explosion overpressure magnitudes. 

• The LES – DFSD co-simulation model is capable of reproducing experimental 

data with high degrees of accuracy.  

• More experimental measurements on hydrogen explosion with different 

mixture strength and/or homogeneity would be needed for further model 

developments. 

Nomenclature 
∆ (mm) LES combustion filter width 

∆x (mm) Smallest computational cell width in the x direction 

𝛿𝑐  Inner cut-off scale 

𝑐̃  Reaction progress variable 

𝑚𝑓  Local fuel mass fraction 

𝑚𝑓
0  Unburned fuel mass fraction 

ρ (kg/m3) Density 

𝜌𝑢 (kg/m3) Unburned mixture density 

𝑥𝑖  Direction in cartesian coordinate 

ωċ̅̅ ̅̅   Filtered source term 

SL
0 (m/s) Un-strained laminar burning velocity 

Ξ∆  Sub-grid scale wrinkling factor 

〈… 〉  Volume averaging 

…̂  Test filtering operation 

D  Molecular diffusion coefficient 

t (s) Time 

ABR  Area blockage ratio 

B1  First baffle plate 

B2  Second baffle plate 

B3  Third baffle plate 

CFD  Computational fluid dynamics 

FSD  Flame surface density 

DFSD  Dynamic flame surface density 

L  Large square obstacle 

LES  Large eddy simulation 

LIF-OH  Laser-induced fluorescence of OH 

RANS  Reynolds-averaged Navier-Stokes 

S  Small square obstacle 

SGS  Sub-grid scale 
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