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Abstract 8 

This paper presents an analytical and a numerical method to predict the internal and external 9 

pressures from vented gas explosion in a large enclosure. The first peak internal pressure near 10 

the venting of enclosure, which is the primary factor related to the external pressure in far 11 

field, is predicted by using analytical correlations. The accuracy of the analytical method is 12 

verified by using data from a series of experiments with idealized conditions. However, the 13 

incapability of external pressure prediction and over-prediction of peak internal pressure are 14 

seen in the realistic scenario by using the analytical approach. Therefore computational Fluid 15 

Dynamics (CFD) simulations are consequently performed to accurately estimate both the 16 

internal and external pressures of vented explosions. A CFD modelling procedure is 17 

suggested in this paper to model the turbulent flame inside the enclosure by using FLACS 18 

and to calculate the blast wave propagation with low turbulence in free air by using ANSYS 19 

Fluent.  This combined CFD modelling approach is proven yielding good predictions of 20 

internal and external pressures from vented explosions. 21 

Keywords: external gas explosion; internal pressure; far-field pressure; vented gas explosion; 22 

CFD; FLACS; ANSYS Fluent 23 
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1. Introduction 26 

Recent accidents of oil and gas tank explosions, such as Nigerian gas tank explosion (Daily-27 

News, 2015), Russia’s Far East oil depot explosion (TNA, 2011) and the USA Kansas City’s 28 

gasoline explosion by lightning strike (Firehouse, 2008), remind us the potential of blast 29 

loads from vented or confined gas cloud explosion to severely damage and threaten 30 

neighbouring structures and people. The blast load/overpressure escalation is due to the hot 31 

burnt gas expansion inside the confined enclosure after a flammable gas mixture is ignited, 32 

the fast energy discharge from a gas explosion eventually leads to tremendous damage 33 

(Tomlin et al., 2015).  34 

In order to protect the enclosures in which the explosion occurs, engineers and researchers 35 

have been developing a series of different explosion mitigation methods (Ferrara et al., 2008; 36 

Liang and Zeng, 2010; Janes et al., 2014; Mitu et al., 2016). Amongst, explosion venting is 37 

one of the most cost efficient protective techniques applied commonly to discharge the high 38 

overpressure of burned and unburned gas to mitigate internal explosions (Van Wingerden, 39 

1989). Since early 1970s, numerous analytical models, empirical correlations (Bradley and 40 

Mitcheson, 1978; Cooper et al., 1986; Molkov, 1999; Tamanini, 2001) and engineering 41 

guidelines (NFPA-68, 2007, 2013) have been developed to estimate the vented explosion 42 

pressure. More recent studies have also been extensively conducted to better understand the 43 

turbulent flame acceleration and combustion inside the chamber (Chao et al., 2011; Fakandu 44 

et al., 2015; Tomlin et al., 2015; Bao et al., 2016; Qi et al., 2016) 45 

However, compared to the studies on internal pressure of vented explosion, combustion 46 

outside the enclosure has received little attention, although it could also be destructive to 47 

adjacent/far end structures (Palmer and Tonkin, 1980).  The external gas explosion can occur 48 

simultaneously or earlier before the flame emerges from the enclosure, which eventually 49 

increase the peak pressure (Solberg et al., 1980; Schildknecht and Geiger, 1983). Such effect 50 
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of external explosion has been studied least, apart from an “ideal” vented gas explosion. 51 

Therefore, the basic understanding of the evolution of external explosion is still 52 

unsatisfactory (Fan et al., 2005). For example, the influence of external explosion on internal 53 

pressure from a 30 m3 vented explosion enclosure under different experimental conditions 54 

was discussed by (Harrison and Eyre, 1987), but only broad trend of the findings was 55 

provided. (Palmer and Tonkin, 1980) derived very simple correlations for external pressure 56 

estimation of vented explosion based on a series of methane explosion tests, fundamental 57 

models of external explosion calculations were however not provided. Further development 58 

of these correlations was also conducted, the non-line-of-sight pressure estimated by 59 

ellipsoidal blast wave model predicts better external pressure but revision was still required 60 

(Forcier and Zalosh, 2000).  61 

More presently, some experimental findings were updated on external explosion research 62 

(Fan et al., 2005; Jiang et al., 2005; Qi et al., 2016) to understand the dynamic processes of 63 

external explosion evolution. However, these testing vessels were in small scales. For 64 

instance, the cylindrical gas tanks of 180mm inner diameter and 300mm height were 65 

considered in (Fan et al., 2005; Jiang et al., 2005). Similarly small cuboid vessels of 66 

100×100×200 mm were used in the vented gasoline-air explosions tests (Qi et al., 2016). The 67 

correlative pressures due to Helmholtz oscillations and the Taylor instability initiated from 68 

internal explosion cannot be well-captured in small-scale tests, let alone the further 69 

estimation of external pressures.  In order to accurately predict the external pressures in near 70 

and far fields from a vented gas explosion, large-scale experiments and numerical simulations 71 

are required.   72 

So far, only limited large-scale external explosion experiments (Palmer and Tonkin, 1980; 73 

Harrison and Eyre, 1987; Van Wingerden, 1989) have been performed due to the fact of high 74 

operation cost and risk. The simple relationships between the external pressure and the 75 
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distance provided in these studies could be merely used to estimate far field pressure in a 76 

narrow range of conditions (Forcier and Zalosh, 2000). Some other empirical approaches, 77 

such as Multi-Energy Method (MEM), was developed to estimate far-field blast-curves 78 

resulted from a potential vapour inside enclosure (Van den Berg, 1985). Baker-Strehlow 79 

method, which is similar to MEM, also incorporated findings from experiments to provide 80 

basic correlations for combustion energy estimation outside the gas source (Baker et al., 81 

2012). However, these empirical approaches have limited abilities to predict the actual 82 

explosion source strength in the far field, as they are incapable of taking into consideration 83 

direction, congestion and confinement effects (Hansen et al., 2010b).  84 

Alternately, Computation Fluid Dynamics (CFD), which by far is the most detailed approach 85 

for quantifying gas explosion, is able to model different scale explosions and consider 86 

abovementioned geometrical effects. For example, the widely-recognized CFD tool FLACS, 87 

which has been validated against a wide-variety of gas explosion tests (Mercx et al., 1994; 88 

Arntzen, 1998; Middha et al., 2009; Hansen et al., 2010a; Bleyer et al., 2012), is expected to 89 

yield rationally accurate estimations for explosion source strengths, confinement and 90 

congestion effects at various scales. However, the explosion pressures predicted by FLACS 91 

are expected to be accurate only inside the congested regions with gas cloud coverage (Ma et 92 

al., 2014), while the proper resolution and deflagration or shock wave modelling outside the 93 

leading edge of congestion becomes a challenge (Hansen et al., 2010b).  94 

The sharp front of a shock wave will become smeared using standard FLACS simulation 95 

procedure. Consequently, under-prediction of the peak pressures will be seen. Such weakness 96 

in far-field blast modelling in FLACS was addressed in another work by (Hansen and 97 

Johnson, 2015). The new guidelines indicated that the Courant-Friedrich-Levy numbers 98 

based on sound velocity and fluid flow velocity of flame (CFLC and CFLV, respectively) 99 

should be reduced to result in smaller numerical time steps. In addition, non-reflecting 100 
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boundary condition “PLANE_WAVE” must be applied to avoid too high pressure prediction 101 

in far-field generated by numerical boundary reflection. However, the determination of CFLC 102 

and CFLV is depending on the parameter of DPDX (Middha and Hansen, 2008), which is a 103 

normalized spatial pressure gradient across the flame front. The DPDX parameter is capable 104 

of indicating when the flame front captures the pressure front, which is the case when 105 

Deflagration to Detonation Transition (DDT) occurs (Gexcon, 2015). The DDT-scenarios are 106 

normally in large scale geometries with high congestions (Thomas et al., 2013; Tomlin and 107 

Johnson, 2013; Johnson et al., 2015), the overpressures are expected to be over 2 bar at the 108 

flame front in these strong explosions.  The FLACS new guideline  (Hansen and Johnson, 109 

2015) is however not applicable for the external pressure estimation of a vented gas explosion 110 

in open space (i.e. non DDT scenario), as the external/far field pressure will be too low to 111 

render a untrustworthy magnitude of DPDX.  112 

In order to model the external turbulent flame propagation with low flow velocity and low 113 

pressure from a vented gas explosion, ANSYS Fluent software (Fluent, 2009) is another 114 

alternative. So far, most ANSYS Fluent studies on vented gas explosions were focusing on 115 

internal explosion modelling (Di Sarli et al., 2009; Ab Kadir et al., 2016; Luo et al., 2016). 116 

Limited publications on external gas explosion simulation by ANSYS Fluent were available. 117 

(Tulach et al., 2015) utilized ANSYS Fluent to carry out vented explosion simulation. By 118 

using the turbulent model “k-ω SST” and the combustion model “Eddy-Dissipation Concept”, 119 

good agreement between the modelled external pressures and experimental data was seen. 120 

However, only one set of experiment is numerically modeled, the accuracy of such CFD 121 

modelling needs further verification. 122 

In this paper, the analytical models have been firstly investigated and utilized to predict the 123 

peak pressures inside the enclosure resulted from external explosion (Bauwens et al., 2010). 124 

The peak pressures inside the chambers are well calculated by these correlations, while over-125 
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estimation of internal pressures for explosion from enclosures with layered fuel-air mixture 126 

were also observed. Therefore, in order to more precisely predict external/far-field pressure in 127 

the large rooms, CFD simulation solvers of FLACS and ANSYS Fluent are utilized. Due to 128 

the fact that the accuracy of FLACS in estimation of internal pressure, which is generated 129 

from a combination of the external explosion, Helmoholtz oscillations, and the Taylor 130 

instability, has been verified in the authors’ previous experimental study (Li et al., 2017a), the 131 

peak pressures are firstly calculated by using FLACS. The blast wave propagation with low 132 

turbulence starting from the vent opening is then modelled by using ANSYS Fluent. 133 

Satisfactory agreement between CFD estimated pressures in far-field and experimental data 134 

(Palmer and Tonkin, 1980) is obtained.  135 

2. Analytical models for peak pressure calculation 136 

According to the definition of vented explosion pressure by (Harrison and Eyre, 1987), the 137 

overpressures in far field from a vented gas explosion are generated both by the peak 138 

overpressure at the source (e.g. the vented explosion enclosure) and the effective vent area 139 

size. By taking the factors of flame propagation, pressure buildup and venting etc. into 140 

account, the external explosion influenced peak pressure near venting can be estimated by 141 

using simplified analytical models (Bradley and Mitcheson, 1978; Tamanini, 2002; Bauwens 142 

et al., 2010). 143 

2.1 Derivation of Analytical model  144 

The analytical correlations derived by (Bauwens et al., 2008; Bauwens et al., 2010) are newly 145 

addressed in this study. Assuming the gas is compressed in adiabatic enclosure, ideal gas 146 

equation of state for unburned reactants and burned products becomes 147 
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where Pi is the pressure inside an enclosure, Po is the ambient pressure, V is the enclosure 150 

volume, mb and mu are masses of products and reactants, bρ  and uρ  are densities of products 151 

and reactants, γ is the effective ratio of specific heats of fuel. 152 

In order to simplify the equations above, a density of vρ is used to represent the mixture of 153 

vented unburned reactants and burned products. Additionally, by balancing the mass 154 

variation and loss due to combustion reaction and venting, the equation (2) is then expressed 155 

as: 156 
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where vm& is the mass flow rating during venting, Af is the flame area in the enclosure and Su is 158 

the burning velocity of the gas. Assuming small pressure rises in the beginning of the 159 

combustion inside the enclosure (i.e. ρu/ρuo ≈ 1) and defining the expansion ratio at initial 160 

condition as: 161 
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where Mu and Mb are the unburned and burned molecular masses of the gas, T0 is the initial 163 

temperature, and Tf,b is the adiabatic flame temperature.    164 

The equation (3) is then converted to:  165 
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According to mass approximation during venting (Tamanini, 1993), the mass flow rate can be 167 

represented as: 168 
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where Pe is the external pressure, Pcr is the critical pressure given by  Pcr = Pe 170 

[(γ+1)/2] γ/(γ−1), Αv is the vent area,  R is the ideal gas constant, cd is the discharge coefficient, 171 

Mv and Tv are the molecular weight and temperature of the vented gas, respectively. By 172 

defining the dimensionless parameter of G = [(γ+1)/2] γ/(γ−1)−1 , the maximum pressure inside 173 

the enclosure of the vented gas explosion can be derived as: 174 
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It is seen in the equation (7) that the peak internal pressure Pi is affected by the external 176 

pressure Pe, burning velocity Su and flame area Af. Increasing one of the parameters results in 177 

the increment of peak internal pressure. In order to thoroughly investigate the correlation 178 

between the internal pressure and external pressure, the maximum flame area and burning 179 

velocity are calculated as shown below: 180 

For far-end ignition away venting, the flame area in the enclosure is assumed as: 181 
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For centre ignition, the flame area is given by  183 
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( )21.14 tSA u
centre
f ⋅⋅⋅= σπ     (9) 184 

where L is the enclosure length, H and W are the height and width of the enclosure, 185 

respectively. Fig. 1(a) illustrates the flame area calculation diagram for the equation (8).  186 

  187 

(a) Far-end ignition     (b) Centre ignition 188 

Fig. 1 Flame area inside the enclosure for the vented explosion 189 

  190 

For centre ignition explosion, t in equation (9) is the flame propagation time that flame with a 191 

nose tip moving towards to venting (as seen in Fig. 1(b)), and the flame grows with a sphere 192 

front initiating from the ignition point with a radius of R. The sphere grows as tSR u ⋅⋅= σ . 193 
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According to the acoustic approach of (Strehlow, 1979), the peak external pressure due to 194 

flame propagation in the gas explosion is given by:  195 
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where 0a is the velocity of sound in an ideal gas, q̂ is an effective dimensionless heat addition, 197 

which equals to bbu ρρργ /)( − = )1( −σγ . Re is the radius of the flame volume in the 198 

enclosure when the flame exits the vent, which can be calculated for the example shown in 199 

Fig. 1(b) as: 200 
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In the equation (10), )()( tAtS fu is the effective flame surface area growth. 202 

)(4)()( 2 tRStAtS ufu Ξ⋅⋅= πσ     (12) 203 

where )(tΞ is the flame wrinkling factor, which is assumed to grow linearly with time, i.e. 204 

tt o ⋅Ξ+=Ξ 1)( . Therefore, by combining the equations of (10) to (12), the maximum 205 

external explosion pressure equation becomes: 206 
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     (13) 207 

The calculation of the flame wrinkling factor oΞ is due to Taylor instability, which is 208 

represented as ( ) 2/1aTo Γ=Ξ . TΓ is a constant, which can be determined according to different 209 

test results.  ais the flame acceleration in the Rayleigh-Taylor unstable direction (Bauwens et 210 

al., 2008): 211 
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Therefore, the calculation of peak external pressure becomes: 213 
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  (15) 214 

2.2 Comparison of analytical results with experimental data (Enclosure fully filled 215 

with 4.0 vol% propane-air mixture) 216 

The experimental data from (Bauwens et al., 2008; Bauwens et al., 2010) are utilized in the 217 

comparison with the analytical results, as seen in Case No.1 to No.13 in Table 1. In the tests, 218 

the gas concentration of propane-air mixture is 4.0 vol %, the vented gas is assumed to 219 

consist of 10% unburned reactants and 90% of burned products. The ratios of specific heat 220 

for product pγ and rγ are 1.26 and 1.4, respectively. The expansion coefficientσ , which is 221 

the ratio of reactant density to product density, is 8.0 at temperature of 298K. The initial 222 

burning velocity of the propane-air mixture Su is estimated as the laminar value of propane of 223 

0.4m/s. The dimensions of the test enclosure are 4.6 × 4.6 × 3.0 m. The testing vent areas are 224 

2.7 m2 and 5.4 m2, respectively. The constant of TΓ is chosen as 1.39 × 103 for the external 225 

explosion pressure calculation near the vent opening. Back ignition and centre ignition 226 

explosions are investigated in the comparison. 227 

To determine the time t, when flame exits the vent opening, the flame time-of-arrival data 228 

recorded in (Bauwens et al., 2011) are used. Precisely, the time is calculated according to the 229 

recorded flame speed data and corresponding distance from ignition to flame location, as seen 230 

in Fig. 2. However, the data of gas explosions are only provided for cases with centre ignition 231 

at 2.73 m2 vent (i.e. Case No. 2 & 3) and back-wall ignition at 5.43 m2 vent (i.e. Case No. 4 232 
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& 5). In Fig. 2(a), the velocity at the vent exit for centre ignition with a 2.73 m2 vent area is 233 

calculated as 44.55 m/s (Uo = 3.3 m/s), while the velocity is determined as 57.75 m/s for 234 

flame exits the vent from a back-wall ignition with a 5.43 m2 vent area (in  Fig. 2(b)). The 235 

flame velocity develops approximately in a linear growth rate, therefore, a factor of 0.8 is 236 

used to average the developing velocity from ignition to vent ���� = 0.8 ∗ �. The exit time t, 237 

is eventually determined as 
 = 2�
��
�
�������/���� . Namely, 
�����.������ = 2 ×238 

�.�

�.�×��.��
= 0.129	!, 
"��#��.������ = 2 ×

�.$

�.�×��.��
= 0.199	!. 239 

For Case No. 1 and 6-13, the flame developing times are estimated by conducting CFD 240 

simulation as reference. FLACS is used to simulate the back-wall and centre ignition 241 

explosions and to calibrate with experimental data, the detail of FLACS simulation will be 242 

introduced in Section 3. All CFD simulation setups are kept constant expect the varying 243 

ignition locations and obstacle arrangements. As seen in Fig. 3, from the back-wall ignition 244 

(top figure in Fig. 3(a)) to centre ignition (top figure in Fig. 3(b)), the comparison indicates 245 

the flame exiting vent time decreases from 0.199s to 0.150s. Therefore, 0.150s is used to 246 

Case No. 6 & 7, and a decreasing factor of 0.75 is seen. 
"��#��.������ =
�.%�&

�.��
= 0.172	! is 247 

used for Case No. 1. Furthermore, the top figure and bottom figure in Fig. 3(b) show that the 248 

flame exists the vent nearly at the same time (0.150s) for centre ignition scenarios with and 249 

without obstacles. Hence, 0.150 s is also used for Case No. 11-13, and 0.129 s is used to Case 250 

No. 8-9 with obstacles that are consistent with Case No. 2-3 without obstacles. Lastly, bottom 251 

figure in Fig. 3(a) indicates the flame exiting time of 0.180s for case No. 10. 252 

In addition to the experiments of (Bauwens et al., 2010), other vented gas explosion data are 253 

also compared with the modelled results. For example, the 12.5 vol % methane-air mixture 254 

tests in a 2 × 2 × 3.0 m enclosure by (Li et al., 2017b; Li et al., 2017c), the 18 vol % 255 

hydrogen explosion in an enclosure with dimension of 1 × 1 × 1 m conducted by (Kuznetsov 256 
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et al., 2015) and 30 vol % vented hydrogen explosion testing in an small-scale enclosure (i.e. 257 

0.15 × 0.15 × 0.15 m) by (Rocourt et al., 2014) are included in the analytical model 258 

validation. The time data when flame exits the vent opening recorded from the above tests are 259 

also summarized in Table 1 and utilized to calculate the sphere radius Re in the equation (10). 260 

By applying all parameter values into the equation (15), all internal peak pressures due to 261 

external explosion near the vent are calculated and indicated in Fig. 4. 262 

Table 1 Comparison of analytical results with test recorded data 263 

Case No. Ignition 
location 

Vent 
size 
(m2) 

Enclosure 
dimension 

(m) 

Gas 
concentration 

BR
* 

Time 
flame exit 

vent (s) 

Measured 
P1 (bar) 

Modelled 
P1(bar) 

1 back 2.73 4.6x4.6x3 4% propane 0 0.172 0.132 0.115 
2 centre 2.73 4.6x4.6x3 4% propane 0 0.129 0.035 0.023 
3 centre 2.73 4.6x4.6x3 4% propane 0 0.129 0.041 0.023 
4 back 5.43 4.6x4.6x3 4% propane 0 0.199 0.056 0.076 
5 back 5.43 4.6x4.6x3 4% propane 0 0.199 0.060 0.076 
6 centre 5.43 4.6x4.6x3 4% propane 0 0.150 0.025 0.017 
7 centre 5.43 4.6x4.6x3 4% propane 0 0.150 0.016 0.017 
8 centre 2.73 4.6x4.6x3 4% propane 6% 0.129 0.048 0.039 
9 centre 2.73 4.6x4.6x3 4% propane 6% 0.129 0.06 0.039 
10 back 5.43 4.6x4.6x3 4% propane 6% 0.180 0.186 0.174 
11 centre 5.43 4.6x4.6x3 4% propane 6% 0.150 0.027 0.030 
12 centre 5.43 4.6x4.6x3 4% propane 6% 0.150 0.025 0.030 
13 centre 5.43 4.6x4.6x3 4% propane 6% 0.150 0.031 0.030 
14# back 0.5 1x1x1 18% hydrogen 0 0.085 0.125 0.110 
15# back 0.008 0.153 30% hydrogen 0 0.004 0.250 0.220 
16# centre 0.008 0.153 30% hydrogen 0 0.004 0.110 0.078 
17# centre 0.064 2x2x3 12.5%methane 0 0.180 0.020 0.039 

* BR represents the blockage ratio. The effect of obstacle on peak pressure calculation is increasing 264 

the flame area, which is expressed as:  Af 
obstacle

 =Af [1+1.333σ0.14(2BR)0.86] 2 for far-end ignition, Af 265 
obstacle

 = Af [1+1.333σ0.14(0.5BR)0.86]2 for centre ignition (Bauwens et al., 2010). # Case No.14 data are 266 

from Kuznetsov et al., 2015, Case No.15 & 16 data are from Rocourt et al., 2014, Case No.17 data are 267 

from Li et al., 2017b, and other case results are extracted from Bauwens et al., 2010. 268 

 269 

 270 
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 271 

(a) Initial flame speed for hydrogen, methane and   (b) Initial flame speed for hydrogen, methane 272 

propane gases for centre ignition with a 2.7m2 vent      propane for back ignition with a 5.4m2 vent 273 

Fig. 2 Initial flame speed for hydrogen, methane and propane mixtures with different 274 

ignition and vent area conditions, Uo=3.31m/s (Bauwens et al., 2011) 275 

 276 

 277 
(a) Back-wall ignition scenarios with and without obstacles 278 
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 279 

(b) Centre ignition scenarios with and without obstacles 280 

Fig. 3 Gas cloud transformation during explosion  281 

 282 

Fig. 4 Comparison of test results and analytical data for peak pressures near the vent due to 283 

external explosion 284 
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 285 

As shown in Fig. 4, satisfactory agreement is seen between the experimental data and 286 

analytically calculated results for vented gas explosions with different vent sizes, ignition 287 

locations and existence of obstacles. However, the parameter of TΓ is determined by trial and 288 

error method. For different experiments in different scales, different values of TΓ should be 289 

used to achieve a good prediction. Moreover, the time t when flame exists the vent is 290 

determined according to the experimental reading. In other words, some parameters need be 291 

determined with experimental data for the analytical approach to achieve good predictions. 292 

For an unexpected explosion in reality, the critical time when the venting initiates and when 293 

the flame nose tip reaches the vent opening cannot be straightforwardly predicted without 294 

using recorded data. Therefore, how to use the above analytical model to estimate the 295 

explosion pressure without knowing the critical venting time becomes a conundrum.  296 

2.3 Comparison of analytical results with experimental data (Enclosure filled with 10 297 

vol% layered methane-air mixture) 298 

In the comparison above, the flammable gas-air mixture is ideally mixed in all tests and the 299 

correlations are developed based on the well-mixed explosions. In reality, accidental gas 300 

leakage within chambers and buildings are likely to generate flammable mixtures with 301 

inefficient mixing. Therefore, gas concentration layering is expected to occur. Especially 302 

when the gas mixture is lighter than air, a certain amount of such gas leakage eventually will 303 

lead to layered flammable vapor cloud on the top of the enclosure. 304 

For example, in the experiments performed by (Palmer and Tonkin, 1980), 10 vol % 305 

methane-air mixture with several different layer depths were seen in the large room with 306 

dimensions of 3.9 × 3 × 2.4 m. Same as the comparison above, the analytical models are used 307 

to predict the experimental results with layered methane-air mixture to further check their 308 

accuracy and applicability.  309 
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The combustion is assumed under adiabatic process, the thermodynamic parameters of 310 

unburned and burned 10 vol % methane-air mixture, which are obtained according to 311 

(Gordon and McBride, 1994; Ferguson and Kirkpatrick, 2015), are summarized in Table 2. A 312 

set of different methane-air mixture layer depths are listed in  313 

Table 3 . The vent area is 0.9m2 (i.e. 1/8 vent ratio of the front wall). 314 

Table 2 Thermodynamic parameters of unburned and burned methane-air mixture of 10 % 315 

volume concentration 316 

 M 
(kg/kmol) 

γγγγ    ΤΤΤΤ        
(Κ)(Κ)(Κ)(Κ)    

σσσσ P 

Reactants 27.64 1.39 298.15 7.6 1 ATM 
Products 27.16 1.21 2225.5 - - 

The peak internal pressures in  317 

Table 3 are calculated by substituting all parameters in Table 2 into the equations (8) to (15). 318 

It is seen that the analytically estimated pressures are higher than recorded data, especially for 319 

smaller layer depth cases. The main reason is that the flame area calculation in the equation 320 

(8) is based on the explosion occurring in fully filled enclosure with stoichiometric gas-air 321 

mixture, as seen in Fig. 1(a) and Fig. 5(a). However, for enclosures with layered gas-air 322 

mixture, such as the case in Fig. 5(b), the flame expansion is not confined in all boundaries. 323 

After ignition on the interface between the fuel mixture and air, the gas-air mixture will 324 

expand into the bottom with a remixing procedure to some degree. Therefore, the combustion 325 

should have a smaller flame area in flame propagation direction towards the vent opening.  A 326 

flame area adjusting parameter is defined to calculate the flame area of layered gas-air 327 

mixture in the enclosure: 328 
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⋅
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v

l

D

D
     (16) 329 

ff AA Ψ=mod,       (17) 330 

where Dl is the layer depth of the gas-air mixture, Dv is the vent opening depth, Af,mod is the 331 

modified flame area in the enclosure with layered mixture. 332 

 333 

Table 3 Layer depths, recorded peak internal pressures in tests and estimated peak 334 

pressures by analytical models 335 

Layer depth# 

(m) 
Pi,exp

# 

(kPa) 
Pi,ana

^ 

(kPa)    
ΑΑΑΑf    

((((m2))))    
ΑΑΑΑf,mod

^    

((((m2))))    

0.50 4.30 10.21 19.29 4.15 
0.60 5.60 10.28 19.55 5.23 
0.90 6.19 10.53 20.48 8.92 
1.20 7.75 10.81 21.59 13.27 
1.50 9.29 11.12 22.84 18.35 
1.80 11.75 11.44 24.20 24.20 

^ Af,mod is the modified flame area, Pi,ana is the calculated peak internal pressure by analytical models. # the data 336 

of layer depths and maximum internal pressure are extracted from (Palmer and Tonkin, 1980). 337 

 338 

 (a) Enclosure fully filled with gas mixture   (b) Enclosure with layered gas mixture 339 

Fig. 5 CFD modelled flame areas for demonstration purpose 340 

 341 
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  342 
Fig. 6 Peak internal pressures with different layer depths of gas mixture  343 

 344 

By using the factor of Ψ , the peak internal pressures inside the 3.9 × 3 × 2.4 m enclosure are 345 

recalculated and shown in Fig. 6. It is observed that the analytically estimated peak pressures 346 

agree well with experimental results. However, the comparison above is only based on 6 sets 347 

of experimental data. The determinations of the factors of 
TΓ and flame venting initiation 348 

time t are still inconclusive. Moreover, the assumptions above are idealized, and these models 349 

are only capable of predicting the internal peak pressures near the vent but not the subsequent 350 

external pressures. For a more realistic vented explosion with more uncertainties, for the 351 

cases without the corresponding testing data to determine the respective parameters for the 352 

analytical models, and for the situations that need to determine the blast wave propagation 353 

outside the enclosures for estimation of external pressures, CFD simulation is suggested. 354 

3 CFD simulation and validation  355 

3.1 Vented explosion simulation by using FLACS 356 
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The CFD-based software FLACS of version 10.4 (Gexcon, 2015) , which relies on turbulence 357 

models based on Reynolds-averaged Navier-Stokes (RANS) equations (i.e. k−ε model for 358 

turbulence simulation), is firstly employed to simulate the vented gas explosion. In order to 359 

ensure good representation of flame area inside the vented explosion, the Simple Interface 360 

Flame (SIF) model (Arntzen, 1998) is applied to calculate the compressible flows. 361 

In the preprocessor CASD of FLACS, the 3.9 × 3 × 2.4 m explosion enclosures with varying 362 

vent areas are as shown in Fig. 7. All walls of the enclosure are modelled as rigid in the CFD 363 

simulation since the roof and walls in the experiments were made of steel plates and the floor 364 

was of concrete. The depths of the vent are 0.3m, 0.9m and 1.2m, giving vent ratios of the 365 

front wall between 12.5% and 50%. The lightweight polyethylene sheet of 0.05mm thick is 366 

modelled as POPOUT relief panel in FLACS. Vent opening pressure is set at 0.7 kPa. The 367 

ignition starts at the interface between the underlying air and fuel-air mixture layer, and it is 368 

located centrally within the large enclosure near the back wall remote from the vent area as 369 

seen in Fig. 8. 370 

 371 

Fig. 7 3D models of explosion enclosure with different vent areas  372 

 373 
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  374 

Fig. 8 Fuel-air mixture layer depth, ignition and vent area location 375 

Euler boundary condition is applied, room temperature of 26 degree and atmosphere pressure 376 

101 kPa are used as initial conditions. The fuel-air mixture’s volume concentration is 10%. 377 

Grid cells are cubical inside the enclosure to reduce the deviations of flame propagation and 378 

overpressure built-up, whereas grid cells are stretched from vent panel to outside boundaries 379 

in the air. The aspect ratio of the grid increment was controlled within 10%. The grid size 380 

within the enclosure is decided as 0.05m based on the grid cell sensitivity study. Monitor 381 

points are allocated near the wall and the vent to record the peak internal pressures. 382 

In the literature of (Palmer and Tonkin, 1980), only the maximum pressures were recorded, 383 

which are used in the present study to verify the accuracy of the numerical simulations. The 384 

layer depths, internal pressures near the vent and external pressure at 9.1m and 18.3m from 385 

experiments are extracted and tabulated in Table 4. The experimental case with 0.6m fuel-air 386 

mixture layer and 12.5% of vent area is numerically modelled by using FLACS. Fig. 9(a) 387 

shows the recorded pressures near the vent and in the far field, while the corresponding 3D 388 

view of fuel mass fraction of the flame during the vented explosion (i.e. the case No. 4 in 389 

Table 4) is shown in Fig. 9(b). It is seen that the procedure of fuel-air mixture consumption 390 

and the propagation of the mixture cloud are well modelled by using FLACS.  391 
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In terms of the CFD simulated pressure, the pressure-time history data near the vent of case 392 

No. 4 are extracted from FLACS postprocessor of Flowvis and shown in Fig. 10. The venting 393 

of burned products from the enclosure is seen at time of 0.14s with an opening pressure of 394 

approximately 0.8kPa in Fig. 16, and the maximum pressure is monitored at 5.8kPa, which is 395 

close to the experimental data. In order to thoroughly validate the FLACS estimated results, 396 

all peak pressures extracted from simulation cases in Table 4 are compared with experimental 397 

data, as seen in Fig. 11. A good agreement between the maximum internal pressure estimated 398 

by FLACS and that recorded in experiments is observed. Furthermore, it is seen that the 399 

maximum pressures increase unanimously with the ratio increment of fuel mixture layer 400 

depth to vent opening depth for all simulation cases.  401 

Table 4 Recorded maximum internal pressures, external pressures, fuel layer depths and 402 

vent areas (Palmer and Tonkin, 1980) 403 

Case 
No. 

Internal peak 
pressure (kPa) 

Gas-air mixture 
layer depth (m) 

Vent area 
(m2) 

External 
pressure at 9m 

(kPa) 

External 
pressure at 
18.3m (kPa) 

1 1.32 1.25 3.60 0.44 0.19 
2 1.94 0.72 1.80 0.50 0.22 
3 4.27 0.50 0.90 0.66 0.31 
4 5.58 0.60 0.90 0.78 0.48 
5 6.68 1.80 1.80 1.40 0.71 
6 9.33 1.50 0.90 3.19 1.53 
7 11.66 1.80 0.90 3.37 2.00 

 404 
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  405 
(a) Recorded peak pressures for test with       (b) 3D view of fuel mass fraction during combustion 406 

12.5% vent area (Palmer and Tonkin, 1980) and            of case No. 4 407 

corresponding case No. 4 in Table 4    408 

Fig. 9 Recorded pressures in experiment and numerical modelling 3D view of Case No. 4 409 

 410 
Fig. 10 Pressures monitored near the vent of case No. 4 in FLACS simulation 411 
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 412 
Fig. 11 Comparison of FLACS modelled pressures to experimental data recorded near vent 413 

 414 

  415 

 416 

 417 

Fig. 12 Plan view (top figure) and side view (bottom figure) of the maximum pressure in case No. 418 

4 after the FLACS far-field pressure guideline by (Hansen and Johnson, 2015) 419 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

The new pressure prediction guideline (Hansen and Johnson, 2015) is applied in the far-field 420 

blast propagation simulation of FLACS. The sound velocity and flame fluid velocity based 421 

CFLV and CFLV numbers are both reduced to 0.1 by using cn-files, the numerical time step 422 

is therefore decreased to prevent excessive numerical smearing of blast waves. However, due 423 

to the fact that the external blast waves in this study are from low pressure deflagration, the 424 

DPDX factors are much smaller than 0.5, which is the threshold of DDT in the new 425 

guideline. Consequently, the date-dump (Ma et al., 2014) is decided to start at the time the 426 

burned products exit the vent opening. A new dump-file is then restarted with a non-427 

reflecting boundary condition of “PLANE_WAVE”. 428 

Comparing to the recorded pressures, namely 2kPa and 0.78kPa at the distances of 3m and 429 

9.1m away the vent area in Fig. 9(a), the far-field pressures (i.e. 0.9kPa and 0.1kPa) in Fig. 430 

12 are significantly under-estimated by using FLACS. It is concluded that without the correct 431 

indication of DPDX parameter, which is commonly used in highly congested gas explosion 432 

simulation, the new far-field blast prediction guideline of FLACS cannot be well utilized for 433 

the vented explosion with slow deflagration. In order to well simulate the low turbulent flame 434 

propagation in far field, the ANSYS Fluent is utilized in the following section. 435 

3.2 External pressure prediction by using ANSYS Fluent 436 

In accordance with the k−ε model used in FLACS, the Navier-Stokes (RANS) equations are 437 

also chosen for turbulent flow simulation in ANSYS Fluent. In the above comparison of 438 

FLACS simulations with experimental results, the estimated internal pressures near the vent 439 

by using FLACS are proved to be accurate. Therefore, the pressure-time curves (e.g. data in 440 

Fig. 16) extracted from FLACS simulations are used as the input in ANSYS Fluent to model 441 

the subsequent flame propagation. In other words, the numerical chemical reaction of 442 
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combustion and the stoichiometric reactions are performed in FLACS simulation, but the 443 

vented products and wave propagation after combustion are calculated in ANSYS Fluent. 444 

The geometry of the vented gas explosion with layered fuel mixture in ANSYS Fluent is 445 

modeled according to the experimental setup (Palmer and Tonkin, 1980), where the back wall 446 

and the bottom of the vented enclosure room are modelled as a concrete wall and ground. The 447 

3D modelled enclosure as shown in Fig. 13 has the same dimensions of 3.9 × 3 × 2.4 m in the 448 

test. The ANSYS CFD preprocessor - ICEM (Ansys, 2015), which provided mesh generation 449 

and advanced geometry acquisition, is employed. The hexahedral cell sizes of 0.05m, 0.1m 450 

and 0.15m stretching from the vent opening are tested in the sensitivity study. The 0.1m cell 451 

for the vent area is decided so that about 100 cells and 200 cells for 12.5% and 25% vent ratio 452 

openings, respectively, are used. 453 

 454 
Fig. 13 3D geometry of the vented enclosure with 25% vent area on front wall in ANSYS Fluent 455 

 456 

Symmetry boundary is used for half size of the enclosure modelling, which enables 457 

acceleration of computational calculation time. The overall boundary and meshing are shown 458 

in Fig. 14 with dimensions of 50 × 30 × 15m, the enclosure with dimensions of 3.9 × 3 × 2.4 459 

m is placed in the middle and near the boundary on the left hand side. The meth stretching 460 

factor is about 1.01 from the vent area in x, y and z directions. In total, there are 1 × 106 461 
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hexahedral cells, and 3 × 106 quadrilateral interior faces for the entire domain. The mesh 462 

quality is controlled with the maximum Ortho Skew of 9.6 × 10-10.  463 

 464 
Fig. 14 CFD simulation boundary and mesh generation for the vented enclosure in ANSYS 465 

Fluent 466 

 467 

The density-based solver and transient solution are used to solve the governing equations of 468 

continuity, momentum and energy etc in the coupled-implicit formulation. The gravitational 469 

acceleration is in z-direction. Standard k-ε model and standard wall functions are applied in 470 

the modelling along with the energy equation model. Ideal gas material is chosen to simulate 471 

the air outside the enclosure, while concrete and steel materials are selected for the concrete 472 

ground and enclosure walls, respectively. The initial operating pressure is set as zero pascal, 473 

and overpressures above the ambient air pressure are imported to the pressure-inlet boundary. 474 

Operating temperature is 288K. 475 

The enclosure’s walls are modelled as stationary without slip, the thermal condition is 476 

assumed as adiabatic with zero heat flux, wall thickness is 0.01m. The concrete wall and 477 

ground are also modelled as adiabatic with thickness of 0.1m. Low back flow turbulent 478 

intensity and viscosity ratio (i.e. 1%) are used, and the backflow total temperature is kept 479 

constant at 288K with acoustic wave model turned off for the initial pressure outlet boundary. 480 
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The pressure inlet boundary is set at the vent opening, where zero initial gauge pressure is 481 

used.  482 

An UDF(Fluent, 2012) file is created to import the pressure-time history data. The simplified 483 

pressure-time data, as seen in Fig. 16, is compiled as the UDF file. The determination of such 484 

simplified pressure-time data as pressure inlet input is based on the assumptions below: 485 

For a pressure inlet boundary in ANSYS Fluent, it is known that the total pressure should be 486 

determined as the input, namely 487 

pressuredynamicpressurestaticgaugepressureTotal PPP    / +=     (18) 488 

2
  2

1 ρυ=pressuredynamicP        (19) 489 

pressurestaticgaugeP  /  is shown in top figure of Fig. 15 (corresponding to the pressure output in Fig. 490 

10), while pressuredynamicP    in Equation 18 and 19 is attributed to the kinetic energy at the vent. 491 

To calculate the dynamic pressure pressuredynamicP   , the flame velocity data extracted from 492 

FLACS (as shown in bottom figure of Fig. 15) is used. It is seen that the peak flame velocity 493 

at the vent exit is about 50 m/s. Therefore, for methane with density ρ of 0.668 kg/m3, the 494 

peak dynamic pressure due to kinetic energy is equal to 0.835 kPa (i.e. 495 

2
  50668.05.0 ⋅⋅=pressuredynamicP =0.835 kPa). Overall, the dynamic pressure contributes to 496 

about 12.6% in total peak pressure of 6.635 kPa (i.e. pressureTP  otal =497 

pressuredynamicpressurestaticgauge PP    / +  = 5.8 kPa +0.835 kPa).  498 

By integrating all flame velocity converted dynamic pressures into total pressures, the time 499 

history data are summarized and shown in Fig. 16. It is seen that the total pressures (green 500 

dash line in Fig. 16) are slightly higher than initial pressures from FLACS output (i.e. 501 
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pressure-time data in Fig. 10 or black solid line in Fig. 16). Moreover, in this study, the 502 

pressures of interest are in far field (i.e. 9m and 18m). The kinetic energy with peak flame 503 

velocity of 50 m/s at vent are much less influential in the far field compared to the blast wave 504 

propagating with a velocity over sound speed of 343m/s. Therefore, to predict the far-field 505 

pressures, the pressure inlet input data are simplified by neglecting the small kinetic energy 506 

near vent. 507 

 508 

Fig. 15 Pressures-time history (top figure) and flame velocity-time history (bottom figure) 509 

monitored near the vent of case No. 4 in FLACS simulation 510 

 511 
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 512 
Fig. 16 Pressures monitored near the vent of case No. 4 in FLACS simulation, total pressure 513 

data and simplified pressure-time input 514 

 515 

The pressure propagates normal to the boundary with intensity and hydraulic diameter 516 

calculation method for the turbulence modelling. Since the vent area has a rectangular shape, 517 

the hydraulic diameter is calculated as: 518 

)(2
4

ba

ab
dh +

=      (20) 519 

where a  is the width and b is the height of the vent area. 520 

The Advection Upstream Splitting Method (AUSM), which provides exact resolution of 521 

contact and shock discontinuities, is used for the convective flux calculation. Least squares 522 

cell based gradient is applied for the spatial discretization. Default relaxation factors are used 523 

with 10 courant number in the solution control.  524 

One of the vented explosions in Table 4 - case No. 4 is chosen in following demonstration.  525 

The pressure-time history data from Fig. 16 are imported as the pressure inlet input. The 526 

simulation starts with a fixed time step size of 1× 10-4 and finishes at time when external 527 
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pressure in far field decreases to zero. Convergence for each time set is guaranteed. In the 528 

CFD post software, the 3D results of external pressure at time of 0.355s (peak pressure time) 529 

are shown in Fig. 17. Due to the fact that the flame propagates perpendicularly to the vent 530 

area, which is modelled as a flat plan in ANSYS Fluent, the pressure distribution in 3D is 531 

shown in bullet shape with a diminishing trend.  532 

 533 

Fig. 17 Total pressure in the free air from the vented explosion in 3D model of ANSYS Fluent 534 

 535 

The external pressure monitoring points are placed at 9.1m and 18.3m perpendicular to the 536 

vent area, as in the experimental test. The pressure-time history curves at these two points are 537 

shown in Fig. 18. As seen in the figure, the calculated pressure time-history with FLACS at 538 

the venting location is simplified as a series of linear curves in red color and used as input to 539 

ANSYS Fluent in the simulation. For the simulated external pressures at 9.1m and 18.3m, the 540 

output is recorded at every 40 time steps (time step size is 0.0001s) and also shown in the 541 

figure. The pressure-time history curves indicate that the peak pressure at 9.1m occurs about 542 
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0.02s after the peak pressure at the vent opening, while another 0.02s delay is seen for the  543 

pressure wave to reach the peak at 18.3m.  544 

The peak pressures at 9.1m and 18.3m in the CFD-post are recorded as 0.82kPa and 0.44kPa, 545 

respectively. By comparing the CFD results with the experimental data in Fig. 9 (a), the 546 

differences between the calculated and recorded peak pressures are 4.88% and 8.33% at the 547 

two points, respectively. For all other vented explosion cases, the comparison of peak 548 

pressures is shown in Fig. 19.  Overall, the ANSYS Fluent calculated peak pressures in the 549 

free air are close to the experimentally recorded maximum pressures. 550 

 551 

 552 

Fig. 18 Data of pressure-time input near vent opening and external pressure-time output 553 

monitored at 9.1m and 18.3m 554 

 555 
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 556 

Fig. 19 Comparison of the  recorded and calculated maximum pressures at 9.1m and 18.3m 557 

from the vent opening for all the tested cases in (Palmer and Tonkin, 1980) 558 

 559 

Fig. 20 Relation between distances from vent opening and maximum pressures  560 

 561 

Unlike the simple relation between the pressure and distance from the vent in previous work 562 

(Palmer and Tonkin, 1980), more complex relationships between the pressure and distance 563 
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are found in this study (as seen in Fig. 20). Palmer and Tonkin indicated that external 564 

pressure decreases inversely with the increase of distance from the vent opening to far field. 565 

Specifically, P=k×(d+do)
-1, P is the external pressure, k is a constant depending on the fuel 566 

properties and vent area size, do is the distance from the far end of chamber to vent opening, d 567 

is the distance from the vent opening to far field (9m < d <18m). However, it is seen in Fig. 568 

20 that the power for each curve has a varying factor from -0.553 to -0.846 instead of the 569 

constant -1 in the equation above. In other words, unlike the constant curvature  found in 570 

(Palmer and Tonkin, 1980), the curvature of external pressure-time curve in far field is 571 

varying. The main reason of such difference in authors’ findings is that there were only two 572 

distances of the total 7 sets of pressure data recorded by Palmer and Tonkin in the 573 

experimental study. Therefore only a linear attenuation of peak pressure with distance can be 574 

derived. Here using three distance data points (i.e. 21 sets of pressure to distance data) 575 

indicates that the peak pressure attenuation with distance does not follow a linear relation, but 576 

more like an exponential relation.  Nevertheless, 21 sets of data are still limited. More 577 

external explosion experiments and CFD simulations are required to derive a less biased 578 

correlation, which will be conducted in authors’ next paper.  579 

4 Discussion 580 

Based on pre-existing experimental data (Bauwens et al., 2010), this study initially aims to 581 

investigate the newly addressed analytical method on pressure prediction from a vented 582 

explosion. The peak internal pressures near the vent opening calculated by the analytical 583 

approach are proved to be accurate. However, the Taylor instability related constant of 
TΓ in 584 

the correlations is determined subjectively, the fundamental relations among the constant, 585 

vent area, ignition location and gas properties, etc. are not well defined. Moreover, the critical 586 

time when the flammable fuel exits the vent needs be determined from the experimental 587 

reading, which means the estimation of the critical time for a realistic vented explosion where 588 
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no experimental data is available has to be done with  intelligent assumption, which could be 589 

a big challenge because of many factors and uncertainties involved.   590 

In terms of the more realistic vented gas explosion, the gas-air mixture cloud can be 591 

concentrated as layered in a large enclosure if the gas filling time is long enough. For such 592 

realistic scenarios with layered fuel mixtures, the analytical correlations are further utilized to 593 

calculate the explosion pressure. Compared with the recorded data in experimental tests on 594 

3.9 × 3 × 2.4 m enclosures with different vent areas (Palmer and Tonkin, 1980), it is 595 

demonstrated that the analytical method is capable of predicting the peak pressures for the 596 

explosion with layered fuel mixture by introducing a new factor. However, the Taylor 597 

instability related parameter  still needs be determined with some idealised assumption. The 598 

comparisons also show that the correlations are incapable of predicting the propagation of the 599 

blast wave in the far field. 600 

The CFD simulation is therefore introduced to study the realistic vented explosion. More 601 

uncertainties are taken into account by using the CFD-based solver FLACS. The gas 602 

properties, ignition location, vent area condition, geometry congestion and confinement, etc. 603 

are well considered in FLACS explosion simulation. The calculated peak pressures near the 604 

vent opening are found in good agreement with the experimental results. However, FLACS 605 

simulation underestimates the blast wave propagation in the free air even with  the 606 

application of the new guideline on far-field pressure prediction (Hansen and Johnson, 2015). 607 

The shortcoming of FLACS simulation no able to give good predictions of flame propagation 608 

in open space observed in (Ma et al., 2014) is further confirmed in this study. 609 

In order to address this problem, especially for far-field pressure prediction initiated from a 610 

low turbulent flame source, ANSYS Fluent is utilized. The pressure inlet boundary in 611 

ANSYS Fluent is modelled with an UDF file consists of the vent opening pressure-time 612 
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output obtained in FLACS. By employing the Navier-Stokes equations (e.g. the Standard k−ε 613 

model), accurate grid cell mesh and proper initial condition setups, etc., the pressure-time 614 

curves are well predicted in the far field as compared with the testing results. Overall, the 615 

peak external pressures predicted by ANSYS Fluent are in satisfactory agreement with 7 sets 616 

of experimental data.  617 

 618 

5 Conclusion 619 

In this paper, the authors have conducted a comprehensive CFD study on internal and 620 

external pressure prediction for a vented explosion with layered gas-air mixture, which is 621 

inspired by the inability of analytical correlations to give good predictions of pressure 622 

propagations in the far field from the vent opening. 623 

A series of analytical correlations are newly examined based on pre-existing experiments of 624 

large-scale vented explosions. Good agreement between the analytical results and 625 

experimental observations is achieved in the data comparison. However, the capability of the 626 

analytical correlations is restricted on peak internal pressure prediction, while the time history 627 

curve is not able to be determined. Furthermore, some parameters of the analytical 628 

correlations need be chosen based on idealized assumptions, and the critical time of vent 629 

opening is determined from testing data, which is not available for a real vented explosion. 630 

In order to accurately calculate the internal and external pressure of a vented explosion, the 631 

authors then offer a thorough CFD simulation procedure by using both FLACS and ANSYS 632 

Fluent. The first peak internal pressure inside the enclosure is predicted by using FLACS, 633 

which is specialized in turbulent flame modeling. The internal and external explosions near 634 

the vent opening simulated from FLACS are then extracted and used as input to ANSYS 635 

Fluent for simulating the low turbulent flame propagation in free air. Comparing with the 636 
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experimental data, it is found that this approach of combining FLACS and ANSYS Fluent 637 

modelling yields accurate predictions of pressure wave propagations in free air from the vent 638 

opening.     639 

By taking more external pressure data into consideration, the relation between external 640 

pressure and the distance from vent opening to far field is seen differently from previous 641 

research’s finding (Palmer and Tonkin, 1980). However, the large-scale experiments so far 642 

are limited, and more CFD simulations are therefore required to derive reliable relations to 643 

predict pressure wave attenuation with distance and estimate the far-field pressures from 644 

vented explosions.  645 
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Highlights 

 

• A series of analytical correlations are newly examined based on pre-existing 

experiments of large-scale vented explosions 

• The inability of analytical correlations in the far-field pressure prediction inspires 

the CFD study on external explosion simulation. 

• Large-scale vented gas explosion, which has rarely been numerically studied and 

indexed in literature, has been investigated. 

• A combined CFD modelling procedure is proposed to predict the internal and 

external pressures separately by using FLACS and Fluent.  


