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1 1.Electric spark generator
' 2 Programmable logic controller
3.Pneumatic piston
4.Combustion tube
5.1gnition Electrodes
6.Nozzle

7.Powder injection valve
8.Gas tank

9.Air inlet valve

10.High pressure air
11.Piston—actuated valve
12.Powder tank

13.High speed camera
14.Infrared imager
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Fig. 1 Schematic of experimental apparatus
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Table 1 Mass fraction of every component in coal dust

JE A wK4) /% w(KAT) /% wE R/ % w([E T/ %
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Fig. 2 Diameter distribution of the coal dust particle
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Fig. 3 High-speed photographs of coal dust cloud flame

12 B AE 0~150 ms H 8] KU 52 35 B2 AL 35 RS R JOBRT B FLUCE IR I BUh Wi B4 . i 2 2
BB AE 0~190 ms W H] K 4G 52 LA RS . X T HER p BRI 14 Bk R Ui, 40 i 8] 7Y e T 28 1 L <
FETE B /NG FBe e R IR TN D5 I 22 1 2 2 18Ry SR8 ol B8 DI, %8 20 KK A 7 10 B ) A 288 8 O B Bt 2
TRy A2 11 Sl 95 2 Hh 1 T R AR B 0 R B L O AN R R 2 UKL (1 B iR be s I )5 K A L 4% S R
HELLAGRE , FEIE TR R B B BT IR AR T B . AR S R F, SR AR A
(2 KRR

F, =100 [wE K5 +wOK45) 1w (& E i (2)

8B F, (MR, UEZ MR ) T3 k. T 18 B & 43 10 5 et o0 3030, S5 v 17 1 2 e 4
Xof 58 0 AR o T it 2 1 (] i =2 0 /0 5 T L HE R A SRS T 2 (B SRR B T R A PN R IR A
T A Bl 1 1 i () RV BR B . FERR B ST I KO 300k 1 B0 B G L, X RO KO A AL 1 1 2 B
HR I8 DX 358 ) At A2 358 B8] A AR e DX 358 e o8 A 9K e DX 3 et AN O P o 3 T 7 A AR O
2.2 BEMAERWNIGEEEEMABEREEENZMESE
2.2.1 BHEFOARBRE TN KGN ESE @ KIEE R E Y

WA 4~5 PR BT R K BERN 5 1 15 PF T S [ MR R 5 6 I 03 2 2 O il A I T 167 8 A0
12 47 S B 1] A8 Ak O R . ER B 4 W] T B AT KRR TR ) B 52, KM VY A A 1) AR Y s
BT R 500 g/m® B, KM T B T b 07 B B v o AERRIRRAE DN, KM [ DU S AL 4, 24 K Ha Bk 4
BE bl T8I 1 LSRN K AT A B BE A A B R BE T W 1) I K AT A Kt 1 4 Tk

H P 5 R N A% R R A | 5 RS O R e Y R A TR A B T 2R B SO B DR L KA
IR I A KGR ST RS . TR AR B 250,500 Ml 750 ¢/m’ A 1F T .1 #
SRRy 23 S AE 25K S 100,40 Fl 60 ms Bf ACHE 3R B 8 B B KB 40 8 3. 1.5, 1 Fl 4. 1 m/s; 10 2 2 M5k 4
FITE KT 140,60 F1 90 ms B KU 3 B2 38 B e RAE, 430 0 2.4.4.2 R 401 m/s, 2 FBEB7E s K
B 40~140 ms B Be 4y 53k 3 K WAL #E B 0 i KAH . (BAERISE 56 F 1 # B KA IR b L4 2 #
JERY AL IR ) d R TR (R B TR . R R R R S 2 2 KK A 4 Ak R AN B 4 i T A2 B, R 2



%5 H TR G R AR R AR P O B0 £ 1 589

P 42 25 i ] R AR IR PR R0 — 20 R T RO 24 7 i A R R KRR ) A L B 2
P T 1 BORHE Ko 04 BT B0 e T R IS AT R /N T A T R R I ) R Y (]
PN RS 2 THT ™ AR 9 25 BRI 22, 39 O T AR S T 1Y 2 TRT AR 87 B IO AR bR

(a) 1# coal dust (b) 2# coal dust
900 900
800k ® p=250 g/cm?® 300 k- n  p=250 g/em?
700k © P00 gem’ 70k ® p=500gem’®
A p=750 g/em?® «*® ) A p=750 g/lem?®
600 |- o*% aas 600 |- ::
e
g 500f Retth £ 500 2284
g «®a £ ¥
S 400f e%ar =z 400 | a® -
y‘“‘ T L) S
300 LA annn s 300 - r‘A -
] J A4 -l “' .,P‘-
200 | ¢ Aa" 200 |- g’ —
é Y ol gt
] 100 | Y
ok ‘z. ok r.‘ .-
1 1 1 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250
t/ms t/ms

P 4 AN [ PR BB BE 0 J0E 24 2 K T e e T 7 7% I T 2

Fig. 4 Displacement-time curves for the flame front of coal dust with different volumic masses
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Fig. 5 Velocity-time curves for the flame front of coal dust with different volumic masses
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Fig. 6 Displacement-time curves for the flame front of coal dust with different ignition energies
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Fig. 7 Velocity-time curves for the flame front of coal dust with different ignition energies
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Fig. 8 Temperature-time curves for the flame of coal dust with different volumic masses
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Fig. 9 Temperature-time curves for the flame of coal dust with different ignition energies
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Characteristics of flame propagation during coal dust cloud explosion”

Cao Wei-guo', Xu Sen'*, Liang Ji-yuan', Gao Wei’, Pan Feng'?, Rao Guo-ning'
(1. School o f Chemical Engineering » Nanjing University of Science and Technology ,
Nanjing 210094, Jiangsu, China;

2. National Quality Supervision and Inspection Center for Industrial Explosive Materials ,
Nanjing 210094, Jiangsu, China;

3. School of Engineering , The University of Tokyo, Tokyo 113-8656, Japan)

Abstract: Two kinds of different volatile pulverized coal were tested in a semi-enclosed vertical com-
bustion tube. And a high-speed video camera and an infrared imager were used to record the flame
propagation process and the spatial flame temperature distribution, respectively. The changes of the
flame propagation velocity and temperature with time were analyzed for the two different coal dust
clouds during combustion. Experimental results show that the flame propagation velocity and flame
temperature of the high-volatile coal dust cloud are higher than those of the low-volatile coal dust
cloud under the same experimental conditions. And the volumic mass of coal dust cloud as well as ig-
nition energy can affect the flame propagation. With increasing the volumic mass of coal dust cloud,
the flame propagation velocity and the flame temperature increase at first and then decrease, oscilla-
ting phenomena appear in the next process. With increasing the ignition energy, the flame propaga-
tion velocity and flame temperature increase. Based on the experimental data,an empirical formula
was proposed for calculating the flame propagation velocity and flame temperature under certain con-
ditions.

Key words: mechanics of explosion; ignition energy; flame temperature; coal dust cloud mass frac-

tion; dust explosion; flame propagation
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