%39% 4510 1 w5 o & Vol. 39, No. 10
2019 4 10 /1 EXPLOSION AND SHOCK WAVES Oct., 2019

DOI: 10.11883/bzycj-2018-0297

WK IF I T SRR B
5 CO £ A ERM

;‘M’%
(UL BHMTZS LR K2 & 4 TR 2ABE, 107 YEFH 110136)

HE: ﬁﬁﬁ%%%i%i%&’ﬁt%%ﬂhW%b‘iﬁ%?ﬂ%f&co AR R, DL K T T O R A S e
URHG, #2121 L) S KO I LA AR B, A AR J:%k’ﬁzjm%%fh P B2 AR Y SR Al L R h R
TAEREAEE S CO Az s P IA0B7 o 205 S 3R U« 38 a3 b kb AN [ sk 220 48 J08E A8 M oK 1 47 1 8 4L £ 5 sl
B, BOUE T B L M SR . LA o SO0 A% B R AR R 4 S ] X, 45 3 =0~ 0.1 m R IR A X
7=0.1~0.42 m g #h o S0 B BRTF X, 2=0.42~0.98 m Hy wh i S R AB R X, r098~14m7£1{4:i|3m/;%%«¢
X z=02m 5 z=0.4 m B B PO B, oo S0 AL % 8 R O, X R SRy BEm ALY S 3,
R THT B 3T 225 B2 KT I A 3R, T Bl BT AZ BT AN, Jktmii?tlﬂ%ﬂﬁfi.ﬂ%iﬁiiﬁkFl’ﬁéﬁﬁ%ﬁo
B CO B ™ W A R PE R B, 48 N 2=03~ 0.6 m >y CO JT &2t 43 $IOHH X 5 w8 019 25 (8] 8 [T, sy 348 o v 35 3
0.024%~ 0.026%. TE z>0.7 m i, | T H0RL 52 8 3 4R T, [5) B8 F 7 A 09 8 IR AU 2 17 DR AT, 80 co ARk
FE BT UL R

KRR BEANRIE phi SO CO AT AR

FESES: 0389; X936 EfRF RS 13035 XHRFRERD: A

AR A R P AR 0 R AR R 1 p il R A S T E BRI T AR A, AN A R R

T Hb AT TR AR R A7 R (4 T R, 3 TR LR IR ) ) R R 2 YR RN, SR, i T sz BR A )

WS, 24— W E R CO. CO, A HA FAMEY, Jageit, A rE S soE i mT A

Firp, 3 70% JEH TWA T CO A=Y, f b n] WL, XA SR o s AL R R E RN CO B
A R R TFARSE, 3 b

H A, 7E A VE SR B RR I 7 1T, Eckhoff! 438 T RLAR /- HLE . M = A L By = Wk B i 3
JEE T R K 5 B 1) 52 W5 Elaine™ BIFSY T FUITAR ME 9K Bh VR T IR A 08 K 1) IO A% 5 3 B 5 K MG 45 A R AIE 5
Pawel 550 R AE B A4S, T T B IAS S B RN TR A e R R 0GR 288 %5 BF5E T 658 m
A TE IR A B K oo D R i A R R s ) T U A 20 L BROMAT TR R K S
B 728 A R 1%?“’] it FH R 7 S 06 A5 B B 5 T B AR AR AR KA S AR R R 0 SCAET A
3.2 LRI T B & it SRR SR AR X AR K T BR R B s ma £ 8 TR S50 BT 4R
FHp A 02 4 iﬁﬁa\lﬁ%ﬁ%ﬂ%"‘%k’ﬁkkﬂ#ﬂ o LR LR, H AT S O B R Ty T
¥ CV A — 1 R, (R SR FH B A A0, 0 3 o0 B R A g KR o o RO AL R R R AN CO AR Ryt T, v R
IR,

Y F UL, A SO EURE B i, AR 3 B 45 O A B R S0 R 0 ARG, A 8 S B AR R K R B
B B A L, 38 A WA (R BE 20) JO A R R B S 5 S A T X0 b, DASS IR0l 7 3 i mT Sk . 7
U FE At b, AEADL 53 BT R A A T A )RR A S 1 b il SR A R R R CO B 0™ W A LR, R SR &5 SR AT
VAR AR R ) S R e S

« WS HEA: 2018-08-13; &R HER: 2018-11-02
EETH: HEHARHHES (51774168) ; LR RS 3134 (18YB37)
F—1EH: XNRXFHF(1990— ), B, L, Y, 1tq613@163.com,

105401-1


http://dx.doi.org/10.11883/bzycj-2018-0297
http://dx.doi.org/10.11883/bzycj-2018-0297
http://dx.doi.org/10.11883/bzycj-2018-0297
http://dx.doi.org/10.11883/bzycj-2018-0297
mailto:ltq613@163.com

539 4% 15 743 5 i i 10 1)

1 KFEEBRRBIEFUESLE RS

S UE AL 7 vk B Al SR, (o TR AR ZE SR '3§€E~A SERRITRT L, R ek /K F BB A 18 50 50 2
GE (LI 1) MR [R] ik 22048 A K IO R R I R o 1200 R R AR B R R G iR RS0 Ml K
AL MERERARL RFIARGL . BIERERG MR RS, K 1.4 m, BHAE 80 mm, 4
BEJEE 3 mm, A RE b BRAT IR RURE, i i e (R LS B AN [ e 220 KA P

14
11 12
1 % 1. Glass tube: 8. Air compressor;
913 2. Dust bin; 9. Coal sample tube;
lnl ° ! 10 3. Vacuum cleaner; 10. Bent pipe;
I 5 1 4. Pressure gauge: 11. Platinum wire;
5. Air chamber; 12. Heater porcelain tube;
) 3 76 g 6. Electromagnetic valve:  13. Thermocouple:
| =‘i| 7. Regulating valve; 14. High speed camera

B KA R A R B A

Fig. 1 Coal dust explosion device of horizontal tube
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Table 1 Flame propagation distance of explosion at different time
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(a) Overall geometric model

(b) Local grid of geometric model
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Fig.2 Geometry model of the mesh
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Fig. 3 Initial high-temperature ignition zone (ignition temperature=1 373 K)
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Fig. 4 Flame temperature’s nephogram of y=0 cross section at different time
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Fig. 5 Impinging airflow propagation velocity’s nephogram of y=0 cross section
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Fig. 6 Impinging airflow propagation velocity’s contour of y=0 cross section
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Fig. 7 Impinging airflow propagation velocity’s nephogram at different positions along z direction
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Fig. 8 Mass fraction’s nephogram of CO in y=0 cross section

®2 AFECOSBKMETHRM

Table 2 Human reactions under condition of CO
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Fig. 9 Mass fraction’s nephogram of CO at different positions along z direction
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Numerical simulation on characteristics of impinging air flow propagation
and CO formation in lignite explosion

LIU Tianqi
(College of Safety Engineering, Shenyang Aerospace University, Shenyang 110136, Liaoning, China)

Abstract: In this paper we established a horizontal pipeline geometric model based on the horizontal
pipeline coal dust explosion experimental device to study the characteristics of impinging airflow and CO
gas generation during lignite explosion, and constructed the mathematical model of the coal-dust explosion
dynamic propagation according to the 1 : 1 ratio, with the characteristics of the airflow propagation and CO
generation simulated. The results verified the reliability of the simulation by comparing the simulated and
measured values of the lignite explosion flame propagation distance at different times. The spatial region is
divided by the simulated velocity of the impinging airflow: z=0—0.10 m is the initial dusting zone,
z=0.10—0.42 m is the impact airflow velocity jump zone, and z=0.42—0.98 m is the high velocity propagation
zone of the impinging airflow. z=0.98—1.40 m is the impinging airflow buffer. The farther away from the
centers of the z=0.20 m and z=0.40 m cross-sections, the greater the velocity of the impinging airflow,
resulting from the “wall effect” of the fluid flow. The void ratio near the wall is larger than that in the inside
of the fluid, and the resistance is weak when flowing. Therefore, the impinging airflow exhibits a relatively
greater flow velocity near the wall. The simulation of the formation of CO gas products shows that
z=0.30—0.60 m in the tube is the spatial range with the highest CO mass fraction, and the local maximum is
0.024%—0.026%. At z>0.70 m, the particles were subjected to the gravity, and the high-temperature gas
generated by the explosion was subjected to the buoyancy, resulting in a tendency of the CO gas product to
sink.
Keywords: explosion of coal dust; impinging airflow; CO toxic gas product; lignite
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