93

Specific Research Reports of the National Institute
of Industrial Safety, NIIS-SRR-NO.27 (2002)
UDC 614.83:543.275.3:544.427:536.461

5. BERIZ BT B8 U ABRIEKIEDIRITEE) & HfE
R, R I B A S
5. Propagation Behavior and Mechanisms of the Dust Flame in a Duct*
by Ou-Sup Han** Masaaki YASHIMA®** and Toei MATSUDA®*%*

Abstract : The aim of this study is to investigate experimentally the flame structure in dust flame propa-
gation and to provide the fundamental knowledge for development of explosion suppression systems
applied to dust explosions. Insufficient information on dust flame propagation is mainly due to experi-
mental difficulties in the generation of a uniform dust suspension, as well as the fact that particle size
and size distribution. Upward propagating laminar flames in a vertical duct of 1800 mm height and 150
mm X 150 mm square cross-section are observed. From the experimental result, it is found that propa-
gating lycopodium flame front shows the double flame structure in which individual burning particles and
ball-shaped flames surrounding several particles are included. The thicknesses of preheated and reaction
zone have been also determined by a schlieren photography. The flame in spatial area between indepen-
dent flames and individual burning particles is not observed. This means that the flame can not propa-
gate continuously in comparison with premixed gaseous flames. The thickness of lycopodium dust flame
is observed to be 20 mm, about several orders of magnitude higher than that of premixed gaseous
flames. By means of the microscopic visualization, it was found that the flame front propagating through
lycopodium cloud is discontinuous and not smooth. The experiments using a PIV (Particle Image
Velocimetry) system with a high-resolution video camera have been conducted to clarify the motion of
particles during the flame propagation. Due to convective flow induced by the flame, a part of gravita-
tional settling particles is shifted to its surrounding sides and the rest of the particles changed their
movements to upward in front of the flame. Such particles movement causes a dynamic variation in dust
concentration ahead of the flame, which propagates at lower dust concentration rather than the mean
concentration. Considering the movement of single particle ahead of the flame, a certain residence time
of the unburned particle in preheat zone is needed to generate combustible gas from the particle. The
residence time will depend on preheat zone thickness, particle velocity and flame propagation velocity..
Keywords; Dust explosions, Lycopodium, Flame propagation, PIV, Dust particles
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Table 1 Physicas| properties of lycopodium dust..
BRFHFOYIHEE

Molecular formula Cs,Hy cO; 5N 00
Minimum ignition energy [mJ] 10~ 40
Minimum ignition temperature [C]

- dustclouds 480

- dust layer 310
Flammable lower limit [g/m?] 40~170
Stoichiometric concentration [g/m’] 105~125
Particle size [um] 32
Specific gravity [-] 1.05
Volatile content [weight %] 50
Moisture [weight %] 33~37
Bulk density [g/m’] 0.367~0.477
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in lycopodium dust.
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IFHBIEIEL TV A I En D, EBRIZIZAEE
Wi CTH CARENELS 2D, L3NS %252LT
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WT25 5, 4, 3, 2, 1 EFEKLTW L BEBIEEER
THb, LarL, X 6B) 6, HME2HLAR
BECIEM FRIBAARX VW LI L 2B KBERDKE
BRI E T L5 DM TE %, Fig. 8 TEBEH)
WCEDABZIEEEOFIHTH %A%, RITKEMHEIC
D MBIEBREIC OV TR T 5,
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BREOMERE BT DI L2 ER L2, AFE
BIZBWTH, BOBREOHCAKEDEE, BEH
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PEIET AL LCid, KT L XKEDOEFHOHE
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PR OEER I E & HICEBLFM (EFh) (CBH)

LTwWw520,

SAL LR T WS R FEDOPMMA (X ¥ 7 V)L
Bilg) B &Ex2BRWT, ¥ 10 2 70 ok,
Wl & E Y, R, PEWICT 0% FIRA RIS
Liv, Lo T, ABRTFHLAZTOKREITT

— 31 —

REeXkEotiE HemEoMmE TEIEFL Ty R n
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) ICEBYPH D720, —RKETTRTORT
PRBERETAKEBRICZOT IR0, DI
BHROERE CRSMPELLY T4, F/-HEE
FHETIREIEDE, $ D VIR IR 20 50 8
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~ 16.7 g4 TdH bo I 5D I A~ A B
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