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Abstract : A dust explosion is a phenomenon of strong blast wave propagation involving destruction which results from dust pyrolysis and
rapid oxidation in a confined space. There has been some research done to find individual explosion characteristics and common physical
laws for various dust types. However, there has been insufficient number of studies related to the heat of combustion of materials and the
oxygen consumption energy about materials in respect of dust explosion characteristics. The present study focuses on the relationship
between dust explosion characteristics of wood dust samples and oxygen consumption energy. Since it is difficult to estimate the weight of
suspended dust participating in explosions in dust explosion and mixtures are in fuel-rich conditions concentrations with equivalent ratios
exceeding 1, methods for estimating explosion overpressure by applying oxygen consumption energy based on unit volume air at standard
atmospheric pressure and temperature are proposed. In this study an oxygen consumption energy model for dust explosion is developed, and
by applying this model to TNT equivalent model, initial explosion efficiency was calculated by comparing the results of standardized dust
explosion experiments.
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Table 1. Element and property analysis

Hammer Mill Dust Radiata Pine Dust

C (Wt%, i) 46.49 49.63
H (wt%, yi) 5.81 6.20
N (W%, yi) 2.59 0.08

S W%, i) 0 0
O (Wt%, i) 3731 44.09
True Specific Gravity S, (-) 1.46 143
Bulk Specific Gravity S, (-) 0.16 0.11
Porosity, € (-) 0.89 0.92
Humidity (wt%) 3.88 1.18
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Fig. 2. Minimum ignition energy apparatus,
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Table 2. Explosive characteristics data for wood dust samples
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Fig. 4. Rate of explosion pressure rise for dust samples,

Sample Particle size Prax (dP/dt)ax Ky LEL MIE MIT C
armp Kimean (£am) [barg] [bar/s] [barg - nv/s] [g/m] inductance 1 mH Layer
H.Mill Dust 15.96 8.71 515.28 139.87 60 10-30 22547
R.Pine Dust 92.08 827 407.56 110.63 50 30-100 253.00

Sieving through a 230 mesh( < 63 um ), Xmeai=Volume median diameter

Table 3. Heat of complete combustion per unit mass

Experiment of Bomb Calorimeter
A Hypy (kI/g)

Experiment of Cone Calorimeter
AHy e (K/g)

Calculation of Dulong’s law*
A H g gtcuasion KI/g)

H.Mill Dust
R.Pine Dust

17.907
17.950

15.929
16.176

17.399
17.812

* HHV(Higher Heating Value) = 8100 C+ 34000 (H— O/8) + 25008 (Kcal/kg), keal = 4.187 kJ.
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Table 4. Heat of complete combustion per unit mass of fuel dust vs heat of oxygen consumed
Complete combustion equation A Hy (K/g) AH, (K/g)
H.Mill Dust CH, 5046Npgs + 1.075 Oy — CO, + 0.75H,0 + 0.025N, 17.907 12.207
R.Pine Dust CH, 0y +1.040, — CO, + 0.75H,0 17.950 13.063
A H, : Gross heat of complete combustion per unit mass of oxygen consumed (kJ/g)
A Hp : Gross heat of complete combustion per unit mass of fuel dust consumed (kJ/g) by Experiment of bomb calorimeter
Table 5. Oxygen consumption energy per unit volume of air by dust samples
AH, (K/g) NTPA Hy, vy (KI/ M pir) SATPA Hy, yy (KI/M'air)
HMill Dust 12.21 3,3749 3,347.6
R.Pine Dust 13.06 3,632.8 3,582.3
NTP : Normal Temperature and Pressure, 21 C, 1 atm, Oxygen Mass per 1 m’ of the Air : 278.08 gOy/ m'a;
SATP: Standard Ambient Temperature and Pressure, 25 C, 1 atm, Oxygen Mass per 1 m' of the Air : 274.24 gOy/m'a;
AHp o Oxygen consumption energy per 1 m' of the Air at SATP condition (kJ/m’i)
A Hg, @ Gross heat of complete combustion per unit mass of oxygen consumed (kJ/g) by Experiment of bomb calorimeter
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Table 6. Heat of complete combustion of total mass vs oxygen consumption energy per 1 m’ of the air by dust samples at SATP condition

8 Ay [Klg]
Sample AHpyy [K/Mai] ; ;
[250g/m’] [500g/m’] [750g/m’] [1,000g/m’] [1,250g/m’] [1,500g/m’] [1,750g/m’]
HMill Dust 3,348 4,477 8,954 13,430 17,907 22,384 26,861 31,337
R.Pine Dust 3,582 4,488 8,975 13,463 17,950 22,438 26,925 31,413
AHpy, o Oxygen consumption energy per Im' of the Air at SATP condition [kJ/m'ai]
A Hy @ Gross heat of complete combustion per unit mass of fuel dust consumed [kJ/g] by Experiment of bomb calorimeter
Table 7. Stoichiometric concentration and equivalent ratio per unit volume of air dust samples
uivalent ratio
Sample St.Mass [g/m'] Ea 4
[250g/m’] [500g/m’] [750g/m’] [1,000g/m’] [1,250g/m’] [1,500g/m’] [1,750g/m’]
HMill Dust 186.9 1.34 2.68 4.01 535 6.69 8.03 9.36
R.Pine Dust 199.6 1.25 2.51 3.76 5.01 6.26 7.52 8.77

St. Mass : stoichiometric dust mass per m' of air at Thermodynamic standard Conditions (SATP)
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Table 8. Calculation procedure for explosion efficiency of oxygen consumption energy in confined system

Pmax [bar] AH, vy X Epvr XV giv votuame n'[%] mayr [kg] Z [-] P [-] P, [bar]
HMill dust 8.71 0.714383 10.85 0.07751 1.45 8.60 8.71
R.Pine dust 8.27 0.764468 9.48 0.07247 1.49 8.17 8.27

Puae = P,, ¥ = 0.62 m at unit volume, Enr=4686 kl/kg, P, = 1 atm = 1 bar =0.101325 MPa
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Maximum explosion pressure, Pmax [bar]

Fig. 5. Explosion efficiency of oxygen consumption energy by
experiment,
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