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Sammanfattning (max 2000 tecken inklusive mellanslag) 

Dammexplosioner är ett konstant hot mot de svenska industrier som hanterar material eller utför 

processer som skapar brännbart damm, såsom pelletstillverkare, livsmedelsindustri, metallindustri m.m. 

Det aktuella projektet syftar till att (i) utveckla välvaliderade numeriska modeller som kan ta hänsyn till 

de viktigaste förbränningsfenomenen, (ii) utveckla ett numeriskt verktyg baserat på en öppen källkod, 

och (iii) beräkna verkliga dammexplosionsscenarier i samråd med representanter för berörda industrier. 

Projektresultatet kan fylla kunskapsluckorna när det gäller förståelse för dammexplosioner, att uppskatta 

konsekvenser av dammexplosioner, ge rekommendationer för bättre konstruktion av byggnader och 

relevanta säkerhetssystem, och därmed ge personalen en säkrare arbetsmiljö. 

I slutet av det första och i början av det andra projektåret, har den utvecklade numeriska plattformen, 

som innehåller dammexplosionsmodellen validerats med de experimentella data för dammexplosioner 

i majsstärkelse i Leeds förbränningskärl under välkontrollerade experimentella förhållanden. Därefter 

har ett samarbete etablerats med Rembe Research and Technology Center i Tyskland för att applicera 

den utvecklade numeriska plattformen för att simulera en storskalig industriell dammexplosion. 

Parallellt med samarbetet med Rembe, har ett samarbete etablerats med Gexcon för att utföra en 

gemensam studie om dammexplosioner med det utvecklade verktyget i projektet och den kommersiella 

koden FLACS-DustEx. 

Abstract  

Dust explosion is a constant threat to the Swedish industries which deal with combustible powders such 

as pellets producers, food industry, metal industry and so on. This project aims at (i) development of 

high-fidelity and well-validated models which address important combustion phenomena during a dust 

explosion, (ii) development of an efficient numerical tool based on an open source toolbox for predicting 

consequences of dust explosions and (iii) simulation of dust explosions in scenarios of process industries 

in cooperation with the reference group members of this project. The project result will improve the 

understanding of dust explosions, help the process industries in designing better vent system in case of 

dust explosion, and create a safer working environment. 

During the end of the first and the beginning of the second year, the developed numerical platform 

including the dust explosion model was validated against experimental data on corn starch dust 

explosion in a fan-stirred explosion vessel, obtained by Bradley et al. (1989), under well-controlled 

laboratory conditions. After that, a collaboration was established between the project members and 

Rembe Research and Technology Center in order to apply the developed numerical platform for 

simulating large-scale industrial vented dust explosions. In parallel with the collaboration with Rembe, 

a collaboration with Gexcon was established in order to perform a joint study of dust explosion 

modelling using the developed numerical platform and the commercial code FLACS-DustEx. 
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Nomenclature 

Roman symbols 

𝑐 combustion progress variable [-] 

𝐶𝑑 coefficient for evaluating turbulent length scale [-] 

𝑘 = 3 2⁄ 𝑢′2 turbulent kinetic energy [m2/s2] 

𝐿 integral length scale of turbulence [m] 

𝑝 pressure [Pa] 

𝑃𝑟 Prandtl number [-] 

𝑅0 = 8.314 universal gas constant [J/(mole·K)] 

𝑅𝑒 turbulent Reynolds number [-] 

𝑇 temperature [K] 

𝑡 time [s] 

𝑢′ rms turbulent velocity [m/s] 

𝑊 molecular weight [kg/mol] 

𝑥 spatial coordinate [m] 

 

 

Superscripts 

− ensemble-averaged or Reynolds-averaged 

~ Favre-averaged 

 

Acronyms 

1-D 1-dimensional 

3-D 3-dimensional 

CFD Computational Fluid Dynamics 

CPU Central Processing Unit 

FSC Flame Speed Closure 

GPL General Public License 

LHS Left Hand Side 

OpenFOAM Open Field Operation and Manipulation 

RAM Random Access Memory 

RANS Reynolds-Averaged Navier–Stokes 

RHS Right Hand Side 

rms root-mean-square 
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1. Project aim and expected result 

Dust explosion is a great threat to the industry worldwide especially among countries and regions with 

high industrial output. Also, in Sweden dust explosion represents a constant threat to the working 

environment of industries which deal with combustible powders. There is at least one dust explosion 

accident reported to Arbetsmiljöverket per month [1], and it is highly possible that there are many more 

unreported accidents available. Some examples from 2017 are  

• an explosion of a truck loaded a 20-meter diameter silo with pellets in Gothenburg on 7th March 

[2],  

• a metal dust explosion in an aluminium pigment company in Huskvarna on 28th March [3],  

• a severe explosion occurred during cleaning of a dust extractor in Trångsund [4] on 15th August 

(seven people were injured that time),  

• a dust explosion in a 40-meter-high grain silo in Tråvad on 29th August [5].  

According to Afa-försäkring’s statistical analysis, 838 workers were injured severely due to fire, 

explosion, welding etc., during 2012 and 2013 [6]. Nine more dust explosion incidents were reported 

by the media in Sweden during 2018 [7-16], and there is no sign of indicating the declining of dust 

explosion incidents in Sweden.  

After going through the most recent dust explosion incidents in Sweden, the question arises: why 

are there so many dust explosions? We believe that the main reason is the lack of knowledge in the 

complicated combustion process during a dust explosion and the lack of numerical tools for designing 

explosion protection systems. 

So, what exactly is a dust explosion? It is a complicated physical and chemical process, when very 

fine combustible particles well mixed with air in confined equipment are ignited, resulting in violent 

and explosive burning. Once the dust explosion occurs, the high-pressure waves, hot flames and 

extremely radiative heat may cause serious loss of life and severe economic consequences. 

The next question will be: how could we reduce the consequences of dust explosions? One important 

solution would be having access to high-fidelity and well-validated models and an efficient numerical 

tool. Specifically, the numerical tool can be used to design explosion venting protecting systems for 

process plants with complicated geometries where the standards are not applicable.  

A suitable platform for developing dust explosion models is the code OpenFOAM (Open Field 

Operation and Manipulation). It is a free, open-source general-purpose Computational Fluid Dynamics 

(CFD) software package mainly for simulating thermodynamics, fluid dynamics, and chemical 

reactions. On the technical side, OpenFOAM excels in modern architecture using object-orientated 

programming language, high parallelization and unstructured grid for dealing with curved geometry. 

New models and methods can be easily implemented and tested thanks to the open source. Furthermore, 

it creates more value for the customer since it is possible to create the tailor-made tool that suits the 

special need of the customer at zero license cost. 

For the above reasons, this project aims at (i) improving the understanding of complicated 

combustion phenomena associated with dust explosions such as flame expansion, turbulence generation 

by a flame and flame acceleration, (ii) providing an OpenFOAM-based numerical tool for accurately 

estimating the consequence of dust explosions, (iii) helping the relevant industries to develop mitigation 

strategies such as better pressure relief system for reducing dust explosion consequences. 

The expected project result will be a numerical tool based on the open source code with detailed 

documentation for designing safer explosion venting system at industrial plants. In the long-term 

perspective, the number of severe accidents caused by dust explosion is expected to be reduced due to 

safer and more efficient pressure relief systems for reducing dangerous pressure build-up in case of dust 

explosions. 
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2. Project progress 

During the first year, the OpenFOAM code was installed on the RISE cluster; a model of turbulent 

burning of a dust cloud was implemented into the OpenFOAM platform; the implementation was 

verified against analytical solutions obtained for 1-D laminar flame and statistically planar or spherical 

“frozen” turbulent flames. “Frozen” means that turbulence characteristics such as turbulent kinetic 

energy and turbulent dissipation rate are kept constant throughout the simulation. Different versions of 

the model were studied for 1-D and 3-D laminar and turbulent flames. Sensitivity of computed results 

to the parameters of ignition, combustion, and turbulence models was studied. 

During the end of the first and the beginning of the second year, the developed numerical platform 

including the dust explosion model implemented by us was validated against experimental data on corn 

starch dust explosion in a fan-stirred explosion vessel, obtained by Bradley et al. [17] under well-

controlled laboratory conditions.  

Subsequently, a collaboration was established between the project members and Rembe Research 

and Technology Center in order to apply the developed numerical platform for simulating large-scale 

industrial vented dust explosions. Such simulations are ongoing, with the first results being encouraging. 

In parallel with the collaboration with Rembe, a collaboration between the project members and 

Gexcon was established in order to perform a joint study of dust explosion modelling using the 

developed numerical platform and the commercial code FLACS-DustEx. The reason for collaboration 

with Gexcon is that it developed the commercial engineering code FLACS-DustEx which is commonly 

used for simulating dust explosions in large industrial scales. The purpose of this collaboration is to 

demonstrate the pros and cons of both tools in industrial applications. 

This project has received computational resources for one year (November 2020 until November 

2021) on the supercomputer Kebnekaise of HPC2N (High Performance Computing Center North) 

within the infrastructure of SNIC (Swedish National Infrastructure for Computing) to support 

exclusively this project. The computational resource includes 5 000 CPU core hour/month and 2 000 

GB storage space. 
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3. Achieved results up to now 

3.1. Simulations of dust explosion in Leeds fan stirred explosion 

vessel 

 The Leeds experiments were performed under well-defined conditions for providing the turbulent 

burning velocities of corn starch flame using high-speed Schlieren technique. A more detailed 

description of the experimental and numerical setups can be found in Huang et al. [18] and in our first-

year project report. Figure 1 and Figure 2 summarize the most important findings of the model 

validation. Numerical results show that the model well predicts (i) an increase in the apparent turbulent 

flame speed by the rms turbulent velocity at moderate turbulence and (ii) a slow increase in the flame 

speed with growth of the mean flame radius. Accordingly, this indicates that the adapted dust explosion 

model is an appropriate building block for developing an advanced numerical tool for CFD research into 

large-scale explosions of fine dust particles with high volatile contents. 

 

Figure 1 Comparison of computed (open symbols) and measured (filled symbols) mean flame speeds. 

The diamond symbol represents the laminar flame speed multiplied with the density ratio. 

 

Figure 2 Computed (lines) and measured (symbols) mean flame speeds vs. mean flame position. 
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3.2. Vented corn starch dust explosion 

In this section, results of simulations of measurements of the vented corn starch dust explosion in a 11.5 

m3 vessel, performed in Rembe Research and Technology Center, are presented. This first stage consists 

of flame propagation inside the vessel before the rupture of the vent panel. The second stage of the 

measurements (flame propagation outside the vessel) will be simulated during the third year of the 

project. This work is performed in close collaboration with Rembe Research and Technology Center 

who provides the project members with experimental data. The study consisted of three tasks. First, the 

input parameters for the adopted computational model, such as the thermophysical properties of corn 

starch dust and the laminar burning velocity were investigated. Second, the sensitivity of the model input 

parameters to the computed results was studied. Finally, computed and measured explosion 

overpressures were compared. 

3.2.1. Thermophysical properties of corn starch dust 

Thermophysical properties of dust are required for calculating the mass and heat transfer process in a 

CFD simulation. These properties involve chemical formula for knowing the molecular weight, heat of 

reaction, standard heat of formation, specific heat capacity and adiabatic flame temperature. 

Chemical formula 

Before we describe the thermophysical properties of corn starch dust, we need to clarify the difference 

between corn flour and corn starch. In Leeds papers by Bradley et al. [17] and Sattar et al. [19], the 

burning velocity of cornflour was claimed to be measured, whereas in other studies by Dahoe et al. [20] 

and Bloching [21], corn starch was used. The question is what the difference between flour and starch 

is.  

Starch and flour are both flavourless white powders with almost identical texture. They can come 

from the same origin, e.g. corn, wheat, or potato. However, there are significant differences between 

starch and flour in terms of composition and production. First, starch is the pure carbohydrate polymer 

with repeating units of glucose, whereas flour is the starch and protein. Second, starch is produced by 

extracting the starch from the seed kernel, whereas flour is produced by milling the seed kernel. 

The smallest unit of starch consists of the chemical formula C6H10O5 according to Wikipedia. 

Bradley et al. [17] reported the “cornflour” has a chemical structure of C6H7.88O4.98 which has a very 

similar composition as the general formula of starch. Accordingly, we assume that the corn starch was 

used in the studies by Bradley et al. [17] and Sattar et al. [19] instead of corn flour which was claimed 

in the papers. In this work, the chemical formula C6H7.88O4.98 measured by Bradley et al. [17] will be 

used for corn starch. We will use the term corn starch in the following text even though they were called 

cornflour in the papers [17] [19]. 

The standard heat of formation 

The standard heat of formation, 𝐻𝑓,
Θ is defined by the change of enthalpy for the formation of 1 mol of a 

compound from its component elements when the component elements are each in the standard states. 

The standard state means the 1 atm pressure and 298.15 K temperature. The standard enthalpy of 

formation of any element in its most stable form is zero by definition, e.g. H2, O2, C(s), N2. 

A negative enthalpy of formation means that the compound has lower enthalpy, more stable as 

compared to its elements, heat should be released to form this compound in an exothermic reaction. In 

contrast, a positive enthalpy of formation means that the compound has a higher enthalpy, less stable as 

compared to its elements, heat should be added to form this compound, or endothermic reaction. 

Heat is released during the burning of the corn starch dust particle and air mixture by assuming a 

complete combustion as follows 

C6H7.88O4.98 + 5.48 (O2 + 0.79/0.21 N2) = 6 CO2 + 3.94 H2O + 20.615 N2 (1) 

Due to the energy balance, the following equation holds 
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𝑛𝑐𝑠𝐻𝑓,𝑐𝑠
0 = 𝑛𝑐𝑠∆𝐻𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 + 𝑛𝐶𝑂2𝐻𝑓,𝐶𝑂2

0 + 𝑛𝐻2𝑂𝐻𝑓,𝐻2𝑂
0

 (2) 

where 𝐻𝑓,𝑐𝑠
Θ , 𝐻𝑓,𝐶𝑂2

Θ =-393.51 kJ/mol [22], 𝐻𝑓,𝐻2𝑂
Θ =-241.826 kJ/mol [23] represents the standard heat of 

formation for corn starch, CO2 and H2O  in gas phase, respectively; ∆𝐻𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛=2521.048 kJ/mol, is 

the heat of reaction measured using calorimetry for corn starch by Bradley et al. [17]; 𝑛𝑐𝑠, 𝑛𝐶𝑂2, and 

𝑛𝐻2𝑂 are mole numbers of corn starch, CO2 and H2O in a complete stochiometric chemical reaction in 

Equation (1), i.e. 1, 6 and 3.94, respectively. According to Equation (2), the standard heat of formation 

of corn starch is 𝐻𝑓,𝑐𝑠
Θ =-792.644 kJ/mol or -4.97E+03 kJ/kg using 𝑊𝑐𝑠= 0.15956 kg/mol.  

Specific heat capacity 

The specific heat capacity of a normal maize starch with a amylose and moisture content of 28% and 

10.5%, respectively, mixed with water and glycerol, was measured by Tan et al. [24]. Here, we assume 

that the maize starch is equivalent to corn starch. Therefore, the term corn starch is used in the 

following text with an aim of consistence. The specific heat capacity of corn starch (disregarding 

water and glycerol contents) within a temperature range of 40-120 °C is as follows [24] 

𝑐𝑝,𝑐𝑠 = 5.24𝑇 − 170.52 (3) 

where 𝑐𝑝,𝑐𝑠 is the specific heat capacity of corn starch in J/(kg·K) and 𝑇 is the temperature in K. 

In order to use the specific heat capacity and the standard heat of formation of corn starch in the 

specific OpenFOAM library adopted in this project, a brief explanation of how these parameters are 

used is presented. An OpenFOAM thermo type janafThermo, is used in this work, in which the heat 

capacity 𝑐𝑝 [J/(kg K)] and the so-called absolute enthalpy 𝐻𝑎 [J/kg], can be calculated using the NIST-

JANAF polynomial equations as follows 

𝑐𝑝,𝑐𝑠 = 𝑅𝑠𝑝𝑒𝑐,𝑐𝑠(𝑎4,𝑐𝑠𝑇4 + 𝑎3,𝑐𝑠𝑇3 + 𝑎2,𝑐𝑠𝑇2 + 𝑎1,𝑐𝑠𝑇 + 𝑎0,𝑐𝑠) (4) 

𝐻𝑎,𝑐𝑠 = 𝑅𝑠𝑝𝑒𝑐,𝑐𝑠 (
𝑎4,𝑐𝑠

5
𝑇5 +

𝑎3,𝑐𝑠

4
𝑇4 +

𝑎2,𝑐𝑠

3
𝑇3 +

𝑎1,𝑐𝑠

2
𝑇2 + 𝑎0,𝑐𝑠𝑇 + 𝑎5,𝑐𝑠) (5) 

where 𝑅𝑠𝑝𝑒𝑐,𝑐𝑠 = 𝑅0 𝑊𝑐𝑠⁄ =52.11 is the specific gas constant for corn starch in J/(kg·K); 𝑅0=8.314 

J/(mol·K) is the ideal gas constant; 𝑊𝑐𝑠= 0.15956 kg/mol, is the molecular weight of corn starch based 

on the chemical formula C6H7.88O4.98 by Bradley et al. [17]; 𝑎0,𝑐𝑠, 𝑎1,𝑐𝑠, 𝑎2,𝑐𝑠, 𝑎3,𝑐𝑠, 𝑎4,𝑐𝑠 and 𝑎5,𝑐𝑠 are 

the JANAF coefficients.  

By comparing Equations (3) and (4), we get 𝑎2,𝑐𝑠 = 𝑎3,𝑐𝑠 = 𝑎4,𝑐𝑠=0; 𝑎0,𝑐𝑠 = −170.52 52.11⁄ =
−3.2726𝐸 + 00 𝑎1,𝑐𝑠 = 5.24 52.11⁄ = 1.0056𝐸 − 01.  

By substituting 𝑇=298.15 K, 𝐻𝑓,𝑐𝑠
Θ -4.97E+03 kJ/kg and the values of 𝑎0,𝑐𝑠, 𝑎1,𝑐𝑠, 𝑎2,𝑐𝑠, 𝑎3,𝑐𝑠, 𝑎4,𝑐𝑠 

into Equation (5), we get 𝑎5,𝑐𝑠 = 𝐻𝑓,𝑐𝑠
Θ 𝑅𝑠𝑝𝑒𝑐,𝑐𝑠⁄ −

𝑎1,𝑐𝑠

2
𝑇2 − 𝑎0,𝑐𝑠𝑇=-9.9808E+04. To summarize, the 

JANAF coefficients for corn starch including 𝑎0,𝑐𝑠, 𝑎1,𝑐𝑠, 𝑎2,𝑐𝑠, 𝑎3,𝑐𝑠, 𝑎4,𝑐𝑠, 𝑎5,𝑐𝑠 and 𝑎6,𝑐𝑠 are -3.2726, 

0.10056, 0, 0, 0, -99808, 0. Note that the entropy offset 𝑎6,𝑐𝑠 is set equal to zero since it is not used here.  

Dependence of the calculated adiabatic flame temperature on the equivalence ratio of corn starch 

dust and air mixture is shown in Figure 3. A utility based on the standard utility adiabaticFlameT was 

made to perform the calculation with the thermophysical properties from the above-mentioned sources 

and initial pressure and temperature equal to 1 atm and 273 K. In contrast, ther are no documented 

thermophysical properties or initial conditions for flame temperature calculation in the work by Sattar 

et al. [19]. Nevertheless, the calculated flame temperatures agree well with each other especially in the 

range of lean mixture, which ensures the reasonableness of the estimated thermophysical property data. 
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Figure 3 Comparison of adiabatic flame temperature calculated using OpenFOAM with initial 

pressure and temperature being equal to 1 atm and 273 K, respectively, and the calculated data by 

Sattar et al.[19]. 

3.2.2. Laminar burning velocity of corn starch dust 

In comparison with the measured data on the laminar burning velocity of gases, the measured data for 

the dust contains a larger uncertainty margin even for the most studied dust corn starch. For many 

dusts the measured laminar burning velocity is not available. Such a knowledge gap is associated with 

dust properties. First, there is an increased difficulty in experiments using high-speed schlieren 

photography[25] with dust-air mixture which has unfavourable optical properties. Second, there is a 

difficulty in balancing between dust settlement and a laminar flow in the measurements [26-28]. Third, 

the dust properties such as particle size and moisture content are factors that influence the laminar 

burning velocity of a dust-air cloud. Nevertheless, a summary of a few available measured corn starch 

laminar burning velocity data is reported here. 

Leeds data from Bradley et al. [17] 

Bradley et al.[17] reported a laminar burning velocity of 0.12 m/s for a dust concentration of 0.26 

kg/m3. Those authors measured turbulent burning velocities at different turbulence levels in a 305 mm 

diameter spherical vessel using high speed Schlieren technique. The laminar burning velocity was 

obtained by extrapolating the turbulent burning velocities to zero turbulence level. There are several 

uncertainties in the measured laminar flame speed. First, the amount of dust which participates in the 

combustion is less than the injected dust, as stated in the paper, i.e. “no less than 10%, and possibly 

about 20% of the dust had adhered to such surfaces.” It is unclear how much dust was mixed with the 

air during the combustion. This problem was discussed by Skjold [29] who proposed a method of 

calculating the burned fraction of dust by processing data obtained from a 20 l vessel. This calculation 

uses the dust chemical composition, specific heat capacity, heat of formation, and product composition 

from simplified chemical equilibrium calculations. Second, Dahoe et al. [20] pointed out that the 

burning velocities measured by Bradley et al. [17] in the fan-stirred vessel is relatively low as 

compared to that of a planar flame. The reason is due to the flame stretch and curvature effects [20].  

Leeds data from Sattar et al. [19] 

Sattar et al. [19] estimated the laminar burning velocity of corn starch dust using measurements in the 

1 m3 dust explosion vessel; see Figure 4.  The measured data was fitted using a 4th order polynomial 

function; see the dashed line in Figure 4. A turbulence factor was determined from methane gas 

explosions. Then, this turbulence factor was applied directly to estimate the dust laminar burning 

velocity in the same vessel. The laminar burning velocity of corn starch was presented versus 

corrected dry ash free equivalence ratio. However, there are still uncertainty in the reported data from 

Sattar et al. [19]. First, directly applying such turbulence factor obtained in gas explosion to dust 

explosion is questionable. The reason is that there are at least three differences between gas and dust 

explosions, such as turbulence level before ignition, flame thickness and flame development process. 

Second, as described in the cited paper [19], the corrected equivalence ratio includes only dust which 

participated in the explosion. Without knowing the fraction of dust which was burned and the 
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chemical formula used in this experiment for corn starch, it is not possible to convert the data from 

Sattar et al. [19] to a unit of dust concentration in kg/m3 in order to make a proper comparison with 

other data. Third, in Ref. [19], there is no information about the dust properties, such as dust particle 

size or moisture contents, which are essential for the explosion characteristics.  

 

Figure 4 Measured and fitted laminar burning velocity of corn starch dust versus corrected 

equivalence ratio by Sattar et al. [19]. 

Data from Dahoe et al. [20]  

The corn starch laminar burning velocity was measured by Dahoe et al. [20] in a powder burner with 

laser Doppler anemometry. The powder air mixture flows upwards and forming a stable dust flame. The 

unstretched laminar burning velocity of corn starch dust is between 0.15 and 0.3 m/s for concentrations 

between 0.26 and 0.38 kg/m3. However, there is no information on the corn starch dust properties, such 

as chemical formula, particle size or moisture content. The measured laminar burning velocity of corn 

starch dust versus corrected equivalence ratio and dust concentration by Dahoe et al. [20] is shown in 

Figure 5. The equivalence ratio was recalculated based on the mass fraction burnt data provided by 

Gexcon. 

 

Figure 5 Laminar burning velocities of corn starch, measured by Dahoe et al. [20], versus corrected 

equivalence ratio and dust concentration. 

Data from Gexcon 

Skjold [30] estimated turbulent burning velocity of dust using a pressure time trace measured in the 

20-l explosion vessel. Skjold calculated the laminar burning velocity of dust by using an empirical 

correlation between turbulent and laminar burning velocity. However, the turbulent burning velocity 

measured in 20-l vessel and the empirical correlation involve uncertainties, which put into question the 

accuracy of estimated laminar burning velocity. Figure 6 shows the laminar burning velocity of corn 

starch dust versus corrected equivalence ratio and dust concentration. This data has been provided by 

Gexcon. 
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Figure 6 Laminar burning velocity of corn starch dust versus corrected equivalence ratio and dust 

concentration provided by Gexcon. 

Summary 

To summarize, a comparison of the data from different sources is presented in Figure 7. Note that the 

data from Bradley et al. [17], Dahoe et al. [20] were originally reported based on the dust 

concentration. In Figure 7, the dust concentration is converted to a corrected equivalence ratio using 

the mass fraction burnt data provided by Gexcon.  

 

Figure 7 Comparison of laminar burning velocities reported by Dahoe et al.[20], Sattar et al. [19], 

Gexcon and Bradely et al[17]. 

3.2.3. Experimental setup 

Corn starch vented explosion experiments were carried out at Rembe Research and Technology Center 

during 2017 and 2018 with an aim of studying the effect of vent geometry on the vent efficiency [21, 

31]. The motivation for performing these test series was the lack of requirements on the vent geometry 

in the current explosion protection regulations, e.g. NFPA 68:2018 [32] or EN 14491:2012 [33], 

except for vent size[21, 31].  

An 11.5 m3 explosion vessel utilized in those experiments can be equipped with a round, a square, 

or a rectangular opening with an area of 0.5 m2, at one end of the vessel. The diameter of the round vent 

panel is 0.8 m; the edge length of the square vent is 0.71 m; the length and width of the rectangular 

opening is 1.739 m and 0.29 m, respectively. The vent opening is covered with a layer of 70 µm 

aluminium foil with a static activation overpressure 𝑃𝑠𝑡𝑎𝑡 of 0.1 ± 15% bar. The corn starch dust was 

injected into the vessel from two attached 20 l containers at approximately 20 bar pressure. After an 

ignition delay time of around 800 ms for corn starch, the dust-air cloud was ignited by a pair of pyro-

technique igniters with a total ignition energy of 10 kJ. The igniter needs approximately 10-15 ms from 

activation to ignition. The reduced explosion overpressure 𝑃𝑟𝑒𝑑 inside of the vessel was measured by 

two pressure detectors mounted on the wall of the vessel; see Figure 8. Note that 𝑃𝑟𝑒𝑑 is defined as the 
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maximum overpressure developed in a vented enclosure during a vented explosion. At the same time, 

the tests were recorded using camera. 

 

Figure 8. 2D drawing of Rembe explosion vessel and the computational domain.  

3.2.4. Numerical setup 

The vented explosion simulations were performed for a computational domain of 15.5×5×6.355 m 

which include the volume of the vessel and a volume outside of the vessel to capture the venting 

process. Only half of the vessel and the outside volume is simulated to save computational time with 

the assumption of symmetric condition with respect to the vertical plane.  

The CAD geometry of the vessel was provided by Rembe as stp files, and the files were read in an 

open source 3D CAD modelling tool FreeCAD [34]. The detailed geometry of the vessel was obtained 

in FreeCAD, and the geometry of the vessel shell was exported in a stl file in the ASCII format. The 

geometry is then imported into the OpenFOAM, and the computational mesh was generated using a so-

called snappyHexMesh tool in OpenFOAM. A detailed description of importing geometry in 

OpenFOAM and generating the computational mesh is reported in Appendix I.  

There are two sets of computational meshes used for the simulations. The first mesh is the one used 

for simulating dust explosion before the vent panel ruptures; see Figure 9. This computational mesh 

consists of three blocks, i.e. (i) a sphere with a centre of ignition location and a radius of 0.15 m and 

with a mesh size of 6.5 mm, (ii) a sphere of a radius 0.7 m with a mesh size of 12.5 mm, and (iii) the 

rest of the domain with a mesh size of 25 mm. It is worth noting that the mesh near the walls were 

refined with a size of 12.5 mm to better resolve the parameters on the walls. The total number of the 

first cell size is approximately 1.35 million. It took about 3.5 hours (wall-clock time) for running a 

simulation of duration of 0.12 s on 10 processors with a maximum Courant number being 0.05.  

The second mesh is the one used for simulating dust explosion after the vent panel ruptures; see 

Figure 10. The simulation is stopped when the pressure inside the vessel reaches a critical pressure, and 

the results are saved. Then, the results are mapped to the second mesh with the pressure and temperature 

outside of the vessel equal to 1 atm and 273 K, respectively. We are not aware on such “two-mesh” 

simulations performed by other research groups. The second mesh includes mesh sizes of four levels, 

i.e. (i) a sphere with a radius of 0.7 m with a mesh size of 12.5 mm, (ii) the inside of the vessel and a 

cylindrical domain with a length of 1 m from the vent opening with a mesh size of 25 mm, (iii) a 

cylindrical domain in the far-field with a mesh size of 50 mm, and (iv) the rest of the domain with a 

mesh size of 100 mm. It is worth noting that the vessel surfaces were resolved with a finer cell size, 

especially near the wall where vent panel is located, which has 5 layers of cell on the surface yielding 

an average 𝑦 + value of around 50. Note that 𝑦 + is a non-dimensional distance. It is often used to 

describe how coarse or fine a mesh is for a particular flow pattern. The total number of the second mesh 

cells is approximately 2.43 million cells. It took about 5 days (wall-clock time) for running a simulation 

of duration of 0.18 s on 28 processors with a maximum Courant number being 0.05.  
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Figure 9. Computational mesh of Rembe vented explosion vessel. This mesh is used before the rupture of the vent 

panel. 

 

 Figure 10. Computational mesh of Rembe vented explosion vessel and the area outside of the vessel. This mesh 

is used after the rupture of the vent panel. 

3.2.5. Sensitivity of input parameters of numerical model 

Turbulence model  

Turbulence has important effect on the burning process. In order to quantitatively compare the effect 

of different turbulence models on the computed results, two parameters were compared, i.e. a 

normalized flame arrival time and a normalized time of the rupture of the vent panel. The flame arrival 

time is defined as the time instant when the flame front characterized by a Reynolds-averaged progress 

variable 𝑐̅ being equal to 0.5 arrives at the vent opening. The vent panel rupture time is defined as the 

time instant when the pressure increase is equal to 0.1 bar at P2 position shown in Figure 8. Both the 

flame arrival time and the vent panel rupture time are normalized by the values obtained using the k-

epsilon model. 

Figure 11 and Figure 12 show the effect of different turbulence models on the normalized flame 

arrival time and the normalized vent panel rupture time, respectively, for a relatively high initial 

turbulence velocity fluctuation (the initial rms velocity u′=5.8 m/s). Figure 13 and Figure 14 show the 

effect of different turbulence models on the normalized flame arrival time and the normalized vent panel 

rupture time, respectively for a relatively low initial turbulence velocity fluctuation (u′=0.5 m/s). Most 

of the RANS turbulence model available in OpenFOAM-v1812 were tested here. Note that the 

sensitivity study was performed for the stoichiometric methane-air mixture, because those simulations 

were run before or in parallel with investigation of available data on the properties of dust-air mixtures. 

Differences between results obtained adopting different turbulent models are more pronounced in the 

low turbulence level case. It is worth noting that a relatively low Courant number of 0.05 - 0.1 was used 

here to get converged results. 
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Figure 11. Effect of different turbulence models on the normalized flame arrival time. 𝑢′=5.8 m/s, 𝐿=0.1 m, 

𝐶𝑜=0.1, a whole domain with 2.4 million mesh with a stoichiometric methane-air mixture in the 

vessel.  

 

 

Figure 12. Effect of different turbulence models on the normalized vent panel rupture time. The same parameters 

as in Figure 11 were used. 
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Figure 13. Effect of different turbulence models on the normalized flame arrival time. 𝑢′=0.5 m/s, 𝐿=0.1 m, 

𝐶𝑜=0.1, a whole domain with 2.5 million mesh with a stoichiometric methane-air mixture in the 

vessel. 

 

Figure 14. Effect of different turbulence models on the normalized vent panel rupture time. The same parameters 

as in Figure 13 were used. 

Sensitivity study for other parameters 

A sensitivity study was also performed for other parameters including initial turbulent kinetic energy, 

turbulent length scale, turbulent Prandtl number, ignition model parameters, 𝐶𝑑, and burned temperature. 

In order to compare the effect of different input parameters, a sensitivity coefficient  𝑐𝑠𝑒𝑛,𝑖 is defined as 

follows 

 𝑐𝑠𝑒𝑛,𝑖 =

𝑦𝑖−𝑦0
𝑦0

𝑥𝑖−𝑥0
𝑥0

 (6) 

where, the subscript 𝑖 is the i-th parameter for the investigation; the subscript 0 corresponds to a 

reference value; 𝑥 is an input parameter; and 𝑦 is the numerical result, i.e. the time instant when the 

flame arrives at the vent opening. It can be inferred from Equation (6) that a positive sensitivity 

coefficient means that an increase in an input parameter results in increasing the flame arrival time.  
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Figure 15 shows sensitivity coefficients for various input parameters. In the present case, the turbulent 

Prandtl number and burned temperature have the most pronounced effect on the flame arrival time.  

 

Figure 15. Sensitivity coefficients on different input parameters on the computed flame arrival time at the vent 

opening based on 𝑐̅=0.1 and 𝑐̅=0.5. 𝑢′=0.5 m/s, 𝐿=0.1 m, 𝐶𝑜=0.1, a whole domain with 2.5 million mesh 

with a stoichiometric methane-air mixture in the vessel. 

3.2.6. Obtained numerical results 

Table 1 shows evolution of the computed fields of the mean combustion progress variable and the 

temperature at different time instants before the rupture of the vent panel. Figure 16 compares the 

measured (solid line) and computed (dashed line) explosion overpressures at the measurement point P2 

in Figure 8.  

Note that the measured explosion overpressure is an averaged value of two test trial, because the 

simulation is based on the Reynolds-Averaged Navier-Stokes approach which deals with averaged flow 

and flame characteristics. Note also that this simulation was stopped when the vent panel ruptured, i.e. 

at an overpressure of around 0.1 bar or around 0.1 s after the start of ignition. During this time interval 

the measured and computed results are hardly distinguishable in Figure 16. Even if the results obtained 

at overpressure less than 0.1 bar are zoomed in Figure 17, agreement between measured and computed 

curves is encouraging.  

 

Figure 16. Comparison between the simulated and the measured explosion overpressure.  
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Figure 17. A zoomed-in version of Figure 16. 

 

Table 1 Mean combustion progress variable and mean temperature fields computed at different time instants. 

Time [ms] Progress variable [-] Temperature [K] 

2 

  

4 

  

6 

  

8 

  

scale 
0                                                  1 

 

280                                            1800  
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3.3. Future work 

The good agreement between the measured and computed results, reported in Figure 16 and Figure 17, 

validates the developed approach and warrants application of this numerical model to the second stage 

of the simulated explosion, i.e. flame expansion outside the vessel. Accordingly, in the third year, 

simulations of the vented explosion in the Rembe explosion vessel will be continued to explore the entire 

process including combustion after the rupture of the vent panel. In addition, one more industrial case 

will be simulated provided that access to experimental data will be granted by our partners. 
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4. Publications, presentations and other 

spreading within framework of project 

The project results have been published and presented as follows: 

• a full-length paper [18] published in a peer-reviewed and well-recognized journal called Journal 

of Loss Prevention in the Process Industries;  

• an oral presentation online at the Digital Dust Safety Conference in February 24 - 28, 2020; 

• a work-in-progress poster at the 38th International Symposium on Combustion, Adelaide, 

Australia, January 2021[35]. 

It is worth noting that an oral presentation of the project results at the 12th FM Global Open Source 

CFD Fire Modeling Workshop planned on April 2nd, 2020, was cancelled due to the outbreak of the 

pandemic.  

The project results were distributed to the reference group members via three reference group 

meetings on 2020-05-26, 2020-09-29 and 2021-01-19. The reference group involve members from 

academy and industry, i.e. PS Group, Scandbio, AVS, Hoerbiger, Göteborgs Energi, Fagerberg, 

Chalmers, Dust-Ex Research (Canada), Ulster University (UK) and RISE. The project results are also 

distributed through a dust safety network on https://www.safedustexplosion.org/. 

  

https://www.safedustexplosion.org/
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Appendix I. Mesh generation using 

snappyHexMesh in OpenFOAM 

SnappyHexMesh is a utility in OpenFOAM and it creates mesh using stl file in ASCII format in three 

steps: castellated mesh, snapping mesh and layer addition. It includes more than 70 parameters in a text-

based file for adjusting the mesh quality. Detailed explanations of the usage of different parameters and 

the examples are reported online [36, 37]. In this section, a step-by-step description of mesh generation 

using snappyHexMesh for this specific case is presented. 

First, a background mesh is created before using snappyHexMesh utility. The background mesh is 

usually produced using blockMesh utility in OpenFOAM. The important part of the blockMeshDict 
script of the current Rembe vessel background mesh is shown below with a domain size of 15.5×5×6.355 

m and a grid size of 0.1 m. 

scale   1; //unit in metre 
//define parameters for fast change of mesh 
x_min -0.5;  //min x-coord 
x_max 15.0; //max x-coord 
y_min 0.0;    //min y-coord 
y_max 5.0;    //max y-coord 
z_min -1.355;//min z-coord 
z_max 5;         //max z-coord 
 
x_layer 155;   //num of layers in x-coord 
y_layer 50;     //num of layers in y-coord 
z_layer 64;      //num of layers in z-coord 
 
vertices 
( 
    ($x_min   $y_min   $z_min)   //0 
    ($x_max   $y_min   $z_min)   //1   
    ($x_max   $y_max   $z_min)   //2 
    ($x_min   $y_max   $z_min)   //3 
    ($x_min   $y_min   $z_max)   //4 
    ($x_max   $y_min   $z_max)   //5   
    ($x_max   $y_max   $z_max)   //6 
    ($x_min   $y_max   $z_max)   //7 
); 
 
blocks 
( 
hex (0 1 2 3 4 5 6 7) ($x_layer $y_layer $z_layer) simpleGrading (1 1 1) 
); 
 
edges 
( 
); 
 
boundary 
( 
    left 
    { 
        type patch; 
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        faces 
        ( 
            (0 4 7 3) 
        ); 
    } 
    right 
    { 
        type patch; 
        faces 
        ( 
            (2 6 5 1) 
        ); 
    } 
    top 
    { 
        type patch; 
        faces 
        ( 
            (4 5 6 7) 
        ); 
    } 
    bottom 
    { 
        type wall; 
        faces 
        ( 
            (0 3 2 1) 
        ); 
    } 
    front 
    { 
        type symmetryPlane;  //symmetric plane  
        faces 
        ( 
            (0 1 5 4) 
        ); 
    } 
    back 
    { 
        type patch; 
        faces 
        ( 
            (7 6 2 3) 
        ); 
    } 
); 
 
mergePatchPairs 
( 
); 

Second, prepare the geometry file. Make sure the stl geometry file is saved in ASCII format, and 

use the unit in meter, otherwise problems will occur when using snappyHexMesh utility. The stl file can 

be converted from mm to m using the command surfaceTransformPoints -scale “(0.001 0.001 0.001)” 
sourceStlFile.stl targetStlFile.stl 
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Third, place the stl file in the folder of $case/constant/triSurface/. More advanced method of 

extracting special edge features is available online, e.g. https://www.youtube.com/watch?v=Fvq-

UfSVz0M, and https://www.youtube.com/watch?v=ObsFQUiVi1U&t=2569s.  

Fourth, extract surface feature using command surfaceFeatureExtract. 

Fifth, produce castellated mesh using snappyHexMesh and activating only castellated mesh in the 

system/snappyHexDict 

Sixth, produce snapped mesh using snappyHexMesh by activating only snappy.  

Seventh, produce layered mesh using snappyHexMesh by activating only addlayer. It is worth noting 

that most of the case, addlayer feature causes unsatisfactory mesh. 

The important part of the snappyHexMeshDict file of this case is shown below with comments for 

understanding the script. 

// Which of the steps to run 
castellatedMesh false;    //switch to true in step 5 
snap                     false;     //switch to true in step 6 
addLayers            true;     //switch to true in step 7 
 
// Geometry. Definition of all surfaces. All surfaces are of class 
// searchableSurface. 
// Surfaces are used 
// - to specify refinement for any mesh cell intersecting it 
// - to specify refinement for any mesh cell inside/outside/near 
// - to 'snap' the mesh boundary to the surface 
geometry 
{ 
    rembe_vessel_circle_part1_meter.stl   //the shell of vessel main part 
    { 
        type triSurfaceMesh; 
        name rembe_vessel_circle_part1_meter; 
    } 
    rembe_vessel_circle_part2_meter.stl   //the vessel vent wall 
    { 
        type triSurfaceMesh; 
        name rembe_vessel_circle_part2_meter; 
    } 
    rembe_vessel_circle_inside_meter.stl   //the inside of the vessel 
    { 
        type triSurfaceMesh; 
        name rembe_vessel_circle_inside_meter; 
    } 
    outer_kernel   //geometrical entity for ignition kernel 
    { 
        type searchableSphere; 
        centre  (2.461 0 0); 
        radius  0.7; 
    } 
    vent_near_field   //geometrical entity for near field volume of venting 
    { 
        type searchableCylinder; 
        point1  (3.74 0 0); 
        point2  (4.74 0 0); 
        radius  1.1;  //was 1.85 
    } 

https://www.youtube.com/watch?v=Fvq-UfSVz0M
https://www.youtube.com/watch?v=Fvq-UfSVz0M
https://www.youtube.com/watch?v=ObsFQUiVi1U&t=2569s
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    vent_far_field   //geometrical entity for far field volume of venting 
    { 
        type searchableCylinder; 
        point1  (4.74 0 0); 
        point2  (15 0 0); 
        radius  1.85; 
    } 
} 
 
// Settings for the castellatedMesh generation. 
castellatedMeshControls 
{ 
 
    // Refinement parameters 
    // ~~~~~~~~~~~~~~~~~~~~~ 
 
    // If local number of cells is >= maxLocalCells on any processor 
    // switches from from refinement followed by balancing 
    // (current method) to (weighted) balancing before refinement. 
    maxLocalCells 1000000; //was 100000 
 
    // Overall cell limit (approximately). Refinement will stop immediately 
    // upon reaching this number so a refinement level might not complete. 
    // Note that this is the number of cells before removing the part which 
    // is not 'visible' from the keepPoint. The final number of cells might 
    // actually be a lot less. 
    maxGlobalCells  8000000;//was 2000000 
 
    // The surface refinement loop might spend lots of iterations refining just a 
    // few cells. This setting will cause refinement to stop if <= minimumRefine 
    // are selected for refinement. Note: it will at least do one iteration 
    // (unless the number of cells to refine is 0) 
    minRefinementCells 0;  //was 10 
 
    // Allow a certain level of imbalance during refining 
    // (since balancing is quite expensive) 
    // Expressed as fraction of perfect balance (= overall number of cells / 
    // nProcs). 0=balance always. 
    maxLoadUnbalance 0.10; 
 
    // Number of buffer layers between different levels. 
    // 1 means normal 2:1 refinement restriction, larger means slower 
    // refinement. 
    nCellsBetweenLevels 3; //was 3 
 
    // Explicit feature edge refinement 
    // ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
    // Specifies a level for any cell intersected by its edges. 
    // This is a featureEdgeMesh, read from constant/triSurface for now. 
 
    features 
    ( 
        { 
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            file "rembe_vessel_circle_part1_meter.eMesh";  //generated by running 
surfaceFeatureExtract 
            level 2; //was 3 
        } 
        { 
            file "rembe_vessel_circle_part2_meter.eMesh"; 
            level 3; //was 3 
        } 
    ); 
 
    // Surface based refinement 
    // ~~~~~~~~~~~~~~~~~~~~~~~~ 
    // Specifies two levels for every surface. The first is the minimum level, 
    // every cell intersecting a surface gets refined up to the minimum level. 
    // The second level is the maximum level. Cells that 'see' multiple 
    // intersections where the intersections make an 
    // angle > resolveFeatureAngle get refined up to the maximum level. 
 
    refinementSurfaces 
    { 
        rembe_vessel_circle_part1_meter 
        { 
            // Surface-wise min and max refinement level 
            level (3 3); // 3 3 
        } 
 
        rembe_vessel_circle_part2_meter 
        { 
            // Surface-wise min and max refinement level 
            level (3 3); // 4 4 
        } 
    } 
 
    // Resolve sharp angles  
    resolveFeatureAngle 10;  // this should be 180 -  includedAngle in surfaceFeatureExtracDict file 
 
    // Region-wise refinement 
    // ~~~~~~~~~~~~~~~~~~~~~~ 
 
    // Specifies refinement level for cells in relation to a surface. One of 
    // three modes 
    // - distance. 'levels' specifies per distance to the surface the 
    //   wanted refinement level. The distances need to be specified in 
    //   descending order. 
    // - inside. 'levels' is only one entry and only the level is used. All 
    //   cells inside the surface get refined up to the level. The surface 
    //   needs to be closed for this to be possible. 
    // - outside. Same but cells outside. 
 
    refinementRegions 
    { 
        rembe_vessel_circle_inside_meter 
        { 
            mode inside; 
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            levels ((2 2)); // 3 3 
        } 
        outer_kernel 
        { 
            mode inside; 
            levels ((3 3)); // 4 4 
        } 
        vent_near_field 
        { 
            mode inside; 
            levels ((2 2)); // 4 4 
        } 
        vent_far_field 
        { 
            mode inside; 
            levels ((1 1)); // 4 4 
        } 
    } 
 
    // Mesh selection 
    // ~~~~~~~~~~~~~~ 
    // After refinement patches get added for all refinementSurfaces and 
    // all cells intersecting the surfaces get put into these patches. The 
    // section reachable from the locationInMesh is kept. 
    // NOTE: This point should never be on a face, always inside a cell, even 
    // after refinement. 
    locationInMesh (2.461 1e-2 1e-2); 
 
    // Whether any faceZones (as specified in the refinementSurfaces) 
    // are only on the boundary of corresponding cellZones or also allow 
    // free-standing zone faces. Not used if there are no faceZones. 
    allowFreeStandingZoneFaces true; 
} 
 
// Settings for the snapping. 
snapControls 
{ 
    //- Number of patch smoothing iterations before finding correspondence 
    //  to surface 
    nSmoothPatch 3;  //was 3 
 
    //- Relative distance for points to be attracted by surface feature point 
    //  or edge. True distance is this factor times local 
    //  maximum edge length. 
    tolerance 2; // was 2.0 
 
    //- Number of mesh displacement relaxation iterations. 
    nSolveIter 100; //was 30 -100 
 
    //- Maximum number of snapping relaxation iterations. Should stop 
    //  before upon reaching a correct mesh. 
    nRelaxIter 5; //was 5 
 
    // Feature snapping 
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        //- Number of feature edge snapping iterations. 
        //  Leave out altogether to disable. 
        nFeatureSnapIter 10;  //was 10, affect compuational time greatly 
 
        //- Detect (geometric only) features by sampling the surface 
        //  (default=false). 
        implicitFeatureSnap false; 
 
        //- Use castellatedMeshControls::features (default = true) 
        explicitFeatureSnap true; 
 
        //- Detect points on multiple surfaces (only for explicitFeatureSnap) 
        multiRegionFeatureSnap false; // was false 
} 
 
// Settings for the layer addition. 
addLayersControls 
{ 
    // Are the thickness parameters below relative to the undistorted 
    // size of the refined cell outside layer (true) or absolute sizes (false). 
    relativeSizes true; 
 
    // Per final patch (so not geometry!) the layer information 
    layers 
    { 
        rembe_vessel_circle_part2_meter 
        { 
            nSurfaceLayers 5; //was 3 
        } 
    } 
 
    // Expansion factor for layer mesh 
    expansionRatio 1.1; //was 1.1 
 
    // Wanted thickness of final added cell layer. If multiple layers 
    // is the thickness of the layer furthest away from the wall. 
    // Relative to undistorted size of cell outside layer. 
    // See relativeS2izes parameter. 
    finalLayerThickness 0.5; //was 0.5 
 
    // Minimum thickness of cell layer. If for any reason layer 
    // cannot be above minThickness do not add layer. 
    // Relative to undistorted size of cell outside layer. 
    minThickness 0.1; //was 0.1 
 
    // If points get not extruded do nGrow layers of connected faces that are 
    // also not grown. This helps convergence of the layer addition process 
    // close to features. 
    // Note: changed(corrected) w.r.t 1.7.x! (didn't do anything in 1.7.x) 
    nGrow 0; 
 
    // Advanced settings 
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    // When not to extrude surface. 0 is flat surface, 90 is when two faces 
    // are perpendicular 
    featureAngle 360; //was 60; 
 
    // At non-patched sides allow mesh to slip if extrusion direction makes 
    // angle larger than slipFeatureAngle. 
    slipFeatureAngle 180; // was 30; one half of featureAngle 
 
    // Maximum number of snapping relaxation iterations. Should stop 
    // before upon reaching a correct mesh. 
    nRelaxIter 5;  //was 3, typically 5 
 
    // Number of smoothing iterations of surface normals 
    nSmoothSurfaceNormals 1;  //was 1 
 
    // Number of smoothing iterations of interior mesh movement direction 
    nSmoothNormals 3; //was 3 
 
    // Smooth layer thickness over surface patches 
    nSmoothThickness 100; //was 10 
 
    // Stop layer growth on highly warped cells 
    maxFaceThicknessRatio 0.5;  //0.5 
 
    // Reduce layer growth where ratio thickness to medial 
    // distance is large 
    maxThicknessToMedialRatio 0.3; //0.3 
 
    // Angle used to pick up medial axis points 
    // Note: changed(corrected) w.r.t 1.7.x! 90 degrees corresponds to 130 
    // in 1.7.x. 
    minMedialAxisAngle 90; 
 
    // Create buffer region for new layer terminations 
    nBufferCellsNoExtrude 0; 
 
    // Overall max number of layer addition iterations. The mesher will exit 
    // if it reaches this number of iterations; possibly with an illegal 
    // mesh. 
    nLayerIter 50; //was 50 
} 

Besides snappyHexMeshDict file, a dictionary file called surfaceFeatureExtractDict should be 

created as well. See the important part of the file below 

rembe_vessel_circle_part1_meter.stl 
{ 
    // How to obtain raw features (extractFromFile || extractFromSurface) 
    extractionMethod    extractFromSurface; 
 
    // Mark edges whose adjacent surface normals are at an angle less 
    // than includedAngle as features 
    // - 0  : selects no edges 
    // - 180: selects all edges 
    includedAngle       170;  //this should be 180 - resolveFeatureAngle 
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    subsetFeatures 
    { 
        // Keep nonManifold edges (edges with >2 connected faces) 
        nonManifoldEdges       no; 
 
        // Keep open edges (edges with 1 connected face) 
        openEdges       yes; 
    } 
 
 
    // Write options 
 
    // Write features to obj format for postprocessing 
    writeObj            yes; 
} 
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Appendix II. Map results between 

different geometries in OpenFOAM 

OpenFOAM allows mapping results between consistent and inconsistent geometries. First, place a 

mapFieldsDict in the system directory, which reads as follows 

/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v1812                                 | 
|   \\  /    A nd           | Web:      www.OpenFOAM.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       dictionary; 
    object      mapFieldsDict; 
} 
 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
// List of pairs of source/target patches for mapping 
patchMap 
( 
); 
 
// List of target patches cutting the source domain (these need to be 
// handled specially e.g. interpolated from internal values) 
cuttingPatches 
( 
); 
 
// ************************************************************************* // 

Create a folder with name of the instance when the new simulation will start, e.g. 0.08 

Run the following command  

mapFields ../source_case -sourceTime 0.08  
 

In contrast, if the fields are consistent, use the flag -consistent. 
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Appendix III. Set initial field using 

equations by funkySetFields 

funkySetFields is a utility in swak4Foam for creating complicated initial field using mathematical 

expressions. You need to download and compile the swak4Foam package following the link  

https://openfoamwiki.net/index.php/Contrib/swak4Foam 

An example of using funkySetFields for setting the initial Favre-averaged regress variable following 

an approximation of complementary error function. 

Since we are setting two different expressions depending on the domain located inside or outside of 

the mean flame radius, two funkySetFieldsDict files are needed and the funkySetFields application should 

be run twice, i.e. funkySetFields -time 0. Example of a funkySetFieldsDict file is as follows 

FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       dictionary; 
    location    "system"; 
    object      funkySetFieldsDict; 
} 
 
//#include "./constant/combustionProperties"  
defaultVariables  
( 
    "kernel_radius=0.52;" //ignition kernel radius 
    "kernel_thickness=0.065;" //ignition kernel flame thickness, approximately 25% of kernel radius 
    "ign_loc_x=2.461;"    //ignition location x 
    "ign_loc_y=0.0;"      //ignition location y 
    "ign_loc_z=0.0;"      //ignition location z 
    "radius=pow(pow(pos().x-ign_loc_x,2)+pow(pos().y-ign_loc_y,2)+pow(pos().z-
ign_loc_z,2),0.5);"//radius 
    "zeta=pow(pi,0.5)*(radius-kernel_radius)/kernel_thickness;" //zeta in estimating complementary 
error function 
    "xi=zeta/pow(pi,0.5);"  //xi 
    "zn=1.0;"    //when zeta >=0 which yields zn=1.0 
    "zz=1./(1.+0.47047*zeta*zn);" 
    "f=0.5*(1.0+zn*(1.0-(0.3480242*zz-0.0958709*zz*zz+0.7478556*zz*zz*zz)*exp(-zeta*zeta)));" 
//bBar 
    "sigma=6.37;"    //density ratio  
    "b=sigma*f/((1.0-f)*(1.0-sigma)+sigma);"    //Favre averaged b  
); 
expressions 
(  
    setB 
    { 
        field b; 
        variables $defaultVariables; 
 expression "b"; 
 condition "radius-kernel_radius >=0"; 
     } 
); 

https://openfoamwiki.net/index.php/Contrib/swak4Foam
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