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Fig.1 The influence of coal-dust concentration on the explosion characteristics
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Fig.2(a) The influence of coal-dust particle size on the explosion characteristics
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Fig.2(b) The influence of coal-dust particle size on the explosion characteristics
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Fig.3 The influence of ignition delay time on the explosion characteristics
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Fig.4(b) The influence of N, concentration on the explosion characteristics
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Fig.5 The influence of ignition energe on the explosion characteristics

3.6 MM KIBEEES BN 21%.22 %24 Yo S ARA 5 T AL 3R 1

N2 E, —BERAERE K S e CEE, IEENS, KBNS E
1. FOd R, REFELWT K G BV EAR KA, 5 F R RAEVRL KB KEREVE, FR KR TR ER X i
INF R B KHAAE IR MEAE AR A 16. Sem [ABSE it AT T %, S h S HEWIE R ik
J&# =200 ~700g/m" ; I 7058 & T B f) Ar g = 60, 105, 200, 400ms; & B /& 21% ~24%. #k
YALETT VBRS04 RR IR 9 B 3 DA D7 ik I 96 0 A = AN P4 0k F B 4R Sk R T £ 31 K He 3
EAE T N, ToHEE ST D n] & 0L 58 8 I, AT H A n] W 23 SO B Sk

SIS LS AN T T AR 16. Sem [T FF FBRBEE, 4 A 2 U, A P
JEE 31 55 B BERD OGN BE 2 3 2m B KT B3 TS TF 11 Ak s £ 1m 5 KT 101 T01 33 Akt 4R 6 AL 31
KIGT S, BRI, Bk KIGE RSN E T A S e A,

FRE RS E AT SE RS L, 75 A H AR i R B G 0 I KO R Y 5
M, 6 45 H T FE NN 16. Sem KA 2m [T A BE 38 H R R IR RS K TR) B AR A
FEEEERMRE. HERIL. YRS &R 22 W0, B KA R 1A TR K3



%4 T CARRESE e A T P R A 8 M A A 1) S 38 F T 309

W AGUAT DU 1 Y 424 16, Sem f 2m K 20
T FF 1488 0 8, T EL L 48 K 1) BE 7T 3% 10em

CBI) T 568 36T 1) 852 /S 0 B )y M 2m B T 388 T

E B 5e R0 ), IR R s Ek B g
BE il R B BRI T K TR D).,
AU BLNE T, KGR iR, A 9
(50 7F 200 i 52 PRAT (R ZR R S ORI R, . ,
YK R BE AR O dem, 7 B A3 T 4y 0 2 B 2 13 %0

B Jonization gauge signal
# Fiame (rass throngh
% Toogue of flame pass through

P =250-700g/m"
Aly =60--400mse
=38

%
PRk M k. BHGAS B (0 B B 5 R R Kt fE e
RIS AEN TR A S EAEE UK A B 6 e R P A S I

B 1A VE 3G I AT S KO R B R R L s 1B K 7] B () S

T A% 7 BE J1 R R o Fig.6 The influence of O, concentration on the

NT HBEEE BTN KIEEF KT quenching distance of coal-dust flame propagation
R AT N, B E T HER KB NN
14em, K JE 558 5.20m FOBRFEE h BOAE R4 . SO0 F R BRpe 8 HL AR 25 4 L SCHR[ 6] . SEI6
SEAE IR L /N T 380, SR M 200g/m® 1 2 7009/ m’, fkBEE N 6 ~ 12¢ B K 24 G B
18 ~36kD 25 N AT, SEIRES IR, A SN 229024 I 2640, B K HE ¥ To i
15 VA _ P FR R o8 7 AR T A% 36

4 o M

4.1 FEH RS5O e i

AT FEA T 18 I 1 B KBTS Ap a5 BOKIEESE IS ) ETHEZ (dp /dp e KEZAL
oy A NE A B ) B A A 2 DA R e O 7 A P ST 6 R o SR ) S 6 25 45 O AR 1R 55 1) L. [
g T B RS RIRBPEE Lttt max IR S5, T E AR 9 ZAE Ry A3 M I 2 8047 R 2 (T R R X
SERFEOII ST o terr, man K 21 1) 25 25 10 O 5 B W) S AE SR AUE 110 25 00 PR 3 1 A BT 50
ISPt e, s (R ARE 85 P 7 303 DA 1 RN SLBO MR . X TS5 2R MR IGR I A B B AR %0 ¢
TR () B30 R 288 UK o 3 g v Rk A

_pdt Ve 1
elbme = Ay AGT) VTG

A XY dp/de e RIBEIEL p G DR A G 2B ¢ 7B 20 8 5 7 RN 25 30 N T 1) 26
TR

. (de
(dt Dmax (D

XTI R 4
Vo  G/4axmRG)
St R 2
Vo (D /2)*L 3)

AGT)  xD L%+ 6LgD — D*)/6L g
XA L 5D 4RI R B K S RN AR, Lo i) SIS F i 5 A5 2R 44
XFE, X T 45 B W RHE S B 2 as LIRSS R IE, #0] DUARYE HE 1 52 p+ RAME 28R



310 1% JE 5 M o 20 %

TEAS B XS L) et ma o
4.2 EHESRN SBR[ 5 37 48 i it 55
JE 22 TR ) 58 FE K A

8

iR GE R BB AR, SOk R e R o ] X e

ZUSE BN LE K ARAT O R R ©
FOSEI . STk LR S, AT R S (4,
PRAE S 2R TG B (4 R IR . BHER o
AN DLW RN EERN | g
WARBETT SR L RSy, SISCHRI6 ~8] th O 60 200 sod ol 300

e ALraaTIA s HE /
4 IO E GS20L. YKL, 5 YK22L = A4 70 38 e
ZIN ELL o2y £ [0 SHEIE=3 s A B 42 N .
Hh 47 20 Tt VA P I T 3 gl R AR 1) 0 R 4 SR K7 =R AR RN ISR
DK 7. AR eI B B = AN P R AR A T AL 10 2E U
KIEIR S [A] A g FI U 58 2w / PALINUNES =& Fig.7 The dispersion-induced turbulence
. intensity of three vessels as a function of time

4.3 SRH SRS R BE B R AR R VE SR B, 111 A8 R IE L AR s S s
4.3.1 ety max O AN PRSI0 A 2R

B R wett, ma AT LA R P28 N I SEER S5 R . B 8 ()2 1 A2 [l — R & 264
T FERRTE DU AN SIEG 25 3% N BT SRS 55 K S8 RIUR S8 33 5 B R Wk B I AR AL AR . s i — 4
BREETEE A 2 ~3m/ s, A NT GS20L 7E Aty =28ms [N A3 70 BdE s 57— dLIR e 5 Y5 £ 0. 8
~1.5m/s JE B N, AR T BS20L (At g = 20ms) .« YK22L. YK7L.GS20L (At 4 = 60ms ) 11 1] 4> 35 %
P, F GS20L (At gy =28ms ) I EE 70 B dm . S T LA DU AN B P B8 1 e, max 20 25 SR, 25 K135 900
(PR 5 RE (BP 5 ] 7 6RO &, v LA B & 03 H 80040 5 B T GS20L 4 ok JE 3B B[] 4% J 11
A, HAH N A IR SR AT RE ORI T 3my/s AR B 4 SR 5 T AR PR I A B U 6 B T A% R
PN TR LR AR 1 ~2m/s YO . B R i i o B A i A R e R A & T HE EA
B PR A TR G e AT AL T U 0 P DR BURH [RI B, BT eh B ) A B B S B B AE R —YE N . A
T, T T P 32 A0 U 5 P AR R AR AR B A SRR A28 T I ot men IR R AT SR, B0 R SE REUA J T
ERE T NN e

B 8 (2 T 7E DU AR P25 28 HHAE IR A K TRIXE e, e B FE IR . SEZTE 485 SRR, 4E
1R SR [EIFE 20 ~ 100ms RT3 B P9 AR A0 B, JEG B XoF 82 18] i 3 568 5 1 78 4 0] JRE o A K 5 R0 YL
PRIGE T FE A 3 BB 52, 10 H DU ANAS [6) 25 48 1) B0 3 V6 A2 R — b R i 28 . 7
60ms Z i BRBEE B )| B 2. 7Tm/s P& 0.5 ~ Im/s; M 7E 100 ~200ms . [8], BRIpe 53 &7
PR8I T ey, HE 400ms & G BRI fF A 3R EARHA.

FINE 7 245 B = A S 25 2% P9 47 20 3 Uik ook 5 o B 1) 1) 3 A R 5 (P 8 (), R AN S
6 728 73 A B AR 1) VU 25 47 4 i 3 558 55 -5 G Ko 2 1) R A 3 R 5 A5 OR JE E 1 S B K B A
T—%HEL L. EREEE 0B, X AT RE BT 8 3 A T T o R A A ) = 2%
PEARTFI L. MNSREG o B nT 15t DA 2508 . JER B K S5 S0 MR o 0 P o 27 A4 3 75 248 P T i ¥ e
FE, T H RSO 5 A R B AR R 52 &2, DA ESeib 4 R E 2 R, R wem ma KT
TUE SRR 438 HF e FEE T i % 52 1) 78 A A ) 0ot S 36 2% B AN T K ek



%4 T CARRESE e A T P R A 8 M A A 1) S 38 F T 311

L

(c)

Ut s (NS )
[

—

Hetirrian » (I“ PIS)

400 800 1200 07330 400 600 800 1000 O ; T
2
Plgmi’) t/ms 1{m/ss)
% YEZIZL, O YK7L, & BS2uL, V-GS20L(1), A BS20L(2)

P8 S5 RO o T 58 I M VA P2 iE A I T 47 2 i U 9 P 1 A2 A
Fig.8 Varation of maximum effective burning velocity with the coal-dust

concentration, ignition delay time and dispersion-induced turbulence intenssity

4.3.2  Uetr, ma PR FEE 5 HLHIAT BE /N

FE R — N SEEGFH B 3 P38 P AT DR thefr, ma R 0T 18 55 Fh S 5000 52 1, 2145080 WK
[ R RLE A I R RN BRI E & R KRR, I R (B 5 E]
2B 4B 5 AT HLRUE, 2RI tett, max A TRAE B A A5 X iR P55 IS I 50408 1100 K B2 R0 #5041 B2 B
F (dp/ di e N B AR

5 1

5.1 PRFRRME R 78 2 0 0 S5 2 BB AR 1 P i JE B HL 32 U8 B ) S

(1) 7.20dm® 1) F PH 25 2% v 3R 15 100 00 78 2 S0 Jo Hh o KU T 0 1) o v (LA R i
IMPa; ¢ KHEFE R 7 b FHS R B R {208 SOMPa/ s, 5 52560258 B TC AR % 28 1R R 3 e o B
(e RS U e D) AN IS 3my/s. 1K 28 f vy B P 0k B2 19 477 42 3t U 9 B2 (RMIS 33 B2 ) 2
3. 5m/s.

) FEBAE 2 S JoT H R R KRR A R 9 B2 SR A AN 2 M 52 11 52 Wi, A% R 94 2 9 L B
b,

G) BB SN PP HIBIE SR wer, ma EE L RGP T 10/ RS i U0 98 52 2 4 3
. iR AR H 0. 5m/s B & 4m/s I, B RS Rl VA B B AR R T 0. 5m/s 36 & 2.6
m/s.

4) BER B IERP YN SR E Z 2 AN P A S BRI, ASEHAETIPR 21 %R
Ny JE B2 15 Do, By R MR P S 3 1 T s I SR 4R 2 [ 22 6 00, IR BB MR Re 1tk 31 1
ANEESER) T RR.

(5) Ry KIAAE SNSRI (RIS &8 21 YO B4 T, ARRFEENAEN 14em K JE
95.20m B KB AL R AR L N AR 16, Sem K 2m () H EIE; (LERRAE NN
16. 5em KA Im FETEHE HOKH] .

(6) FEMRS A B B3 2 22 Yok KO Ha IR A% 3k e A W] B3, K@ R ik g
WAEN 16. Sem K 2m 3 EETE; FERE S I (B FE Y 10em AR, 4% B3 & 24 Mo,
FEJIE P IS 0. dem (8] BRI F AU



312 1% JE 5 M o 20 %

5.2 FPRHIT HEARCREA £E 22 S T RN AR A 52 R R B % A o B i )

JEUERIAT LA YR 45 D9 e e 5y A4 A V5, T EL 9 AR5 40 2222 FUIR, BB E U K S HTE TR LK
FE I H 45 R A5 2 ] R AE 25 A B P RS B EEAEAR B Bl i 2 & L A T I IR
&, AER AN E RS BRGSO BATE L SR 8 = 5 T RS 7 #A R
ram ZURE L . X JELER B T DL SR AR R A 4 PR SR B 0 sk 99 Bk IR 1, DA B
SN 1% -3 NN A S B VR SCEEE JOGEIRR L. &5 NIRRT R, £
RN TS T B e S e AR b AR TR BRI, AT T AR R AR
B, BN, — BeNfila 58 A& &k A ™ B

IS0 AT 51 S A Bk (BR []) 22 R R & A 1A 9% S 90 Ko 5 18 [ & i Tl 2 4 5 B 37 F 70 mp o0 3o 78
or SRR PR T 5B, A IR RN B

[1] Magy J, Verakis C.Development and Control of Dust Explosions [M] .New York:Marcel Dekker, Inc, 1985.

[2] Bartknecht W. Explosions-course Prevention and Protection [M] .New York: Springer-Verlag, 1981.

[3] Eckhoff R K. Current Dust Explosion Research at the CMI [ A] . Proceeding of International Conference on Fuel-Air
Expl [ C] .Montreal: McGill University, 1981.

[4] Siwek R, Cesana C. Operating Instruction for KSEP-20L. Apparatus [M] . Borg H. Switzerland: Swiss Association for

Pressure Vessel Control, 1984.

T CARE, TR 4bR . AR BAR KRR R 5T [R) . g Lk (B D A F K L 1996.

T UARE, 3SR, TR, S5 AN A R R PR (N S B W T (] BB S phat, 1993, 13 (3): 193 —204.

TH3 LARE, B 1L, 2= m) b A KRG IR R I SE B0t 5 (0] A S i, 1995, 15(2).97 —106.

PU Yi-kang, Li Y C, Kauffmann C W, et al. The Detemmination of Turbulence Parameters in Closed Explosion Vessels

[J] . AIAA Progress in Astronautics and Aeronautics, 1989, 132107 —123.

[9] LeeHS J, PU Yi-kang, Knystautas R. Influence of Turbulence on Closed Volume Explosion of Dust-Air Mixtures [ J] .
Arcivum Combustions, 1986, 7(3/4).279—297.

Experimental Studies of Explosion Characteristics
of Bituminous Coal Dust-Air Mixtures Injected in Blast Furnace

PU Yi-kang, HU Jun, JIA Fu

(Institute of Mechanics » Chinese Academy of Sciences, Beijing 100080, China )

Abstract: A systematic experimental studies were carried out to determine the explosion and propagation
characteristics of the bituminous coal dust-air mixtures in vessels with different volume and shapes. The
influence of the dust concentration, dust particle size, dispersion-induced turbulence and the content of O,
in the air on the explosion characteristics has been discussed comprehensively .

Key words: coal dust; constant volume combustion; equivalent burning velocity



