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Prediction of Flame Propagation Velocity based on the Behavior of Dust Particles
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Abstract — Based on experimental study of lycopodium dust particles' behavior, we suggest the flame propagation
model through dust clouds. With dust concentration, flame velocity reaches a maximum value at 170 g/m? to exceed the
stoichometric concentration for lycopodium-air mixture combustion and decreases slightly in the richer side of 500 g/m>.
At 47~200 g/m>, mean velocity of particle increases in proportion to flame velocity. As the sum of burning rate and par-
ticle velocity is approximate in flame velocity, the flame propagation velocity with lycopodium dust concentration can
be estimated by the calculation and it was found that behavior of particles is useful for better understanding of dust flame
propagation velocity.
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Fig. 1. Mean velocity of flame and particle with lycopodium dust
concentration using by high-speed camera and PIV system.
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Fig. 2. Schematic illustration of model of the flame structure in
lycopodium dust particles.
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Table 1. Values of parameters used in calculation of laminar flame

velocity

Thermal conductivity A =3.5x107> [cal/cm s K]
Density of air p,; = 1.184x1073 [g/em?]
Density of particle C,;, = 0.4 [g/em?]

Heat capacity of air C,, ;. = 0.24 [cal/g K]

Heat capacity of particle C,, ;= 0.34 [cal/g K]

Initial temp. T, =300 [K], Ignition temp. T, =T, 0.5 [K]
Adiabatic flame temperature of lycopodium T,= 1960 [K]
Diameter of particle D, =32 [um]

Ratio of particle density N, = 1.3
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Fig. 3. Comparison of calculated and experimental burning veloc-
ity with lycopodium dust concentration.
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Fig. 4. Particle velocity and calculated burning velocity with lyco-
podium dust concentration.
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Fig. 5. Prediction of flame velocity by using particle and burning
velocity.

slskast H47H Hl6= 20094 128

oN

Yol AL] Ak, 2ev 5ol dojxl saddsks e
gJollx ] sjdduiE R} oF 35% J o] 2R o] Aol
H, T ] AAETE ARG oF 65%0l| “Fdet
= Zolgta AL ). o]y st ATATE EdlE, £ Al
A dojzl FkslstAlol| Adshs 47 gmPellr ] Sl (0.4
m/s)ZHFE] Kobayashi 5[13]2] 72T gt ALETE 74
3 1 026 m/s2] ghol LolX|=d], # ATtellA e Aukx](0.19
m/s)K.CF T A7 UARE ARl 77k grolehs As &
Pi=

¢ lo ol

4.8 E

Fe
:

FRAR) ASAE AHgae] sl e S9s 2 o

ARAow 2AekT PR 2eln gl 4 A% A3
Teld SAQAEAS Ael] Ark ARLS BE A
Shreg Fgajo] olse] ARE At

AT
~1

»

il
o Mt

J

() BAEE(CH2 S7toll wheh S-S (Vs 25412 3t
ShFEEEel 125 gm*S Ho] 170 gimellA Hul= viepk o
500 g/m*7HA] thax ZhasiA Rt ALl A AES Holu, lx
T 200 gm7HA) 819 As(V)sk A Q) nlEste] wgkeict,

Q) AaETe] At Ay Fdof o3t Agihs tha 2}
UARE AR DA S vrERd| L Sl

() AAHE(S)eh YAV Fol AT (V el
A ks HERHAL Qlo] §iAke] AsS wxIstdake] Ao
Q WF7t Hs AR AlmEo, IRAEel 7125 Exlskddnt
o] f-83t 2o ghakErt,

Ag7IE

C, :mean concentration of dust[kg/m’]
C, : specific heat[J/(kg-K)]

V,  : flame propagation velocity[m/s]
v, : particle velocity[m/s]

N,  :dust concentration near flame[kg/m?]
S, : burning rate[m/s]

T : temperature[°C]

T, : initial temperature[°C]

T : ignition temperature[°C]

T, : maximum flame temperature[°C]
Je2[o|A 2K}

P : density[kg/m’]

J, : thickness of reaction zone[m]
T, : reaction time[s]

OH&Xt

d : dust

f flame

m : mixture

p : dust particle
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