37 % 5 Am w5 i Vol. 37, No. 4
2017 4F 7 A EXPLOSION AND SHOCK WAVES Jul. , 2017

DOI: 10. 11883/1001-1455(2017)04-0759-07

T 2 04 52 A A

OB RaA RRE NER, K KL F ELHEAR
(1. BRDCH TR IR 5 8 TR 22 Be . Wb 2L 4300705
2. ESUIH B TR AR AL E S LI E , K 30038D)

FEE : NIRRE L RRLAR X AT BE Tl #p 2 JAR R R PE R 2, B 7 B R AR M BB LR A
TEIR TR SN BT 53 800 30 26 (1 b 4 1 TF A0 5 T S0 R R A58 X 08 A0 MR o A AR A% 0 R M 1) R T R AT T S B AF
8. GERRW) CFIGRIAE Dy 30 pm MR R SZ0EA M PR XS - 4R g 15 pem B 5083 Y 06 4% 306 12 A RO Y
TR S 3 A 55 AT R Tl ok 2 I A7 TE L D T A0 5 ik TR S A A X AR R OB TR BE R T AL R AR 5
HORL AR B R G R 5 TR TR S AR 1A S Ul /N 8 A K TP X JRE R AR DX JBE R e T R A T B T SR s /N SR
WK, BRAb, A3 T ik R S 4 A2 T R B K N 1 R e S e B 1 R LB

KW IER R 5k s BB s KA IL G

FESES: 0381 E+#rFER A : 13035 XEkRERG: A

UTAESR AR TV Ry A2 51 22 B S BRKESF ROt A & R R I KO3 gt &R
S| & R 2 O YA & AR R U & IR B BT AN B R O A R AR g R O E L
2014 4 8 H 2 HITHE L TF & X o 5@ 4 & il & A BR 2N R 7 42 8 8090 0 42 18] 2 26 1 0 J g 3 0o
146 ANFET- 114 AN3Z 45, %10t [ 9 A X Tl 2 1 K ) 4 A B0 3 64T T R i 1) B RN S 30 0F 5%
P. R. Amyotte %5 [ R T 7 T B A5 i Ry 42 48 F 080 SR F 9 4 fb B2 R 5 30 i R 2 1R Y X0
J. Amrogowicz "Xt NaHCO, 1 NH, H. PO, B LI HI Dh R 17 7 %5 e, & 8 NH, H, PO, B K 7E
M A6 77 T8 P RCRAE T NaHCO, , il 76 9 1 48 K5 75 185 0 NaHCO, A%, W50 % B A = N4 Tl By
2 P K P R N B B R (R I S R AT T A () st R 5 T 2 A A O R G SO T I 4%
RGP B EL RO AR5 . MBS AR ST T B DA s [ v ik R 199 JO0 k43 BSORIDRE A2 X M 2 R R TR
FI 05, 45 5L BB L AR AR AR /N Vi R v A A R K P AR R . 2R e ST R OE T
P 225 (] H = 9 KRR B 0T 4 8 M BB 1 5 e L 25 SR SR I, ABC TR 2K TR X 8 2 A% K A 40 R A L LR
JEE A A5 P RE AT S 5 A AR S A B AT AIE oY T AR T R A B 1 ML B RN R L 4 R R AR
3 493 22 1) 0 iy 2 A X AR S5 0 ORI A% 1 L AT — 2 1 52 ), LR 1) 285 A P T 30 i 22 5 B T Ak 17 K TR
FEAE R, BT AR )R o 2 T db A R R T R R R Y A R K A R R Y K
TEAERAAE AT T S2I0 A 5T, 1 XoF 552 50 471 45 20 1) K K 117 4 % T R KA A2 47 3 1 5 e L R AT T A0 AT
A F 9% 32 B2 45 v 7 2 DA s ) o 0 0 AR 2 B A T AR 0 TP AR 2R R R B I R E S A D S 2R b e
T R AR R BE BB IR O A% 0 2ok R A R 9 ) T 2> T S R A R 2R B R L 2 R A TE B R A R R HE LY
FIERG T AR 3P 36 57 1 /N RS Ry AR AP A TE SE 501 6 L T R A TRRL A8 114 ik T2 S0 A s 1R
X Tl 3 2B BR 58 I A% 1 R P 52 i) 11 52 56 F 5

 WTRBH: 2015-11-24; f&E HHA: 2016-05-03
EETH: HEARBFELTH (51174153,51374164) ;
BH BT T AR AR A L E 7 5050 2 P B8 (KFKT2014ZD03)
o r A S AR Bl 55 9% & T BT 42 T H (2015-2y-080)
F—1EH: B Q990 — OB LA BEMESE . KA. cx618@whut. edu. cn,



760 S < 5 o i EARVE

1 % @
1.1 RBEH

SAUG RSB AR BEE E  TE R R G R E IR RS VLR G VB R R G Y
5 IR R G R A R G A AN 1 R . R AR AR I A T D7 B AR A R R A I
HR SR 50emX 8 em X8 em,s 28 A MIBE R A 15 mm & =5 AL 58 B AU A 55 B0H , BT 5 ) B 22 235 W] 5 )
9 EL A R BIUBRCER B8 R 28 D' P RV o T Y S B I R T b i R R

1 1. Combustion pipe
1 2. Thermocouple wire
: 3. Ion probe
4. Ignition electrode
5. Data acquisition device
6. Ignition switch

- -7| 7. Solenoid valve
I 8. Cylinder
9. Synchronization controller
10. Compressed air cylinders
11. High speed camera
|

12. Optical filter

Bl 1 i R A5
Fig.1 Scheme of experimental system
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Fig. 2 The flame propagation process of aluminum powder
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Fig. 3 Partial image of the aluminum Fig. 4 Structure of the aluminum
powder flame propagation powder flame
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Fig. 5 Flame propagation speeds Fig. 6 Flame temperature variations
under different conditions under different conditions

MIE 6 FTLAE L KGR EE T /9 S A B 32 SeBESR LT BE IS 212 T K. X FEAN ) T80 R KO
F14 o itk E T LA Y < R A [RDAREAR B8 0 TR S B0B A i o By KO il B2 20 A T 1 e, U R IR AN )
Fie e it JBE i A i TR L B MR AR B DN T B TR AR . 3 A % LA [ 0 TR KOk it B2 3k 30 e s ) T
AR IS T, T LA i T F ) 2 4 0 ok P 2 A A A2 ) sl /N T 5 ¥ 8 . 5 8 4 SR T - i TR B
By VR RE 08 AR B0 by I TRLBE O L BB A Btk T2 U B by AR ARS F Ui/ 495 TR Y A, 638 1 O B
2.4 HEBERHENEHNIEEHE T

e TR S AN R 2 (B A3 80N 30 V) RiAR 435 R 60.45.30 Al 15 pm 45 PR o o e ol 4852 (03T 48
BB KIS AN TR 7 Bz o ANIET 7 v i LAFR G000 R UG b A 1 (5 S A58 6 ok T S0k A8 S ik
INTE I R o KK AR IR X AN (] i B2 B 2L TR DX T AR A L L B AL R R IRLAR S 30 pm
FIRY Ttk 2 B A A R B Ay K TR ) 3L R JBE e A, LK B by O ) R S TR S 1 5k T 2 A FE 1% e
AR BF B WA o8 S L T 4% fe B R R e 7 2B 3R L L X OB KO A B B — i M AR L JF H 30 pm B BR TR
LR R A AR Rk

B8 g il T R IR BE b 5 R E N RLAE o wanco, Z AR R . AT LA A BR R 2 88 1A
BB KO T DX R B AR /N Bl R S AR AR Ry 36. 36 pem B, T AR X JRE B B B B AIK L R 10. 61 mm, HJS

161 \ = Experiment data
50 o\ " — Fitted curve
VY SN
131 \ h
E of \\
s LN /
11F ~_ &
3 10
' L j 0 15 30 45 60
Without NaHCO, 60 pm 45 pm 30 um 15 um natico,/Hm
7 B ER SN RLAR X B KM 2 B 5 e &l 8 AR T8 SRk KA TR IXJEE i
Fig. 7 Influence of sodium bicarbonate particle Fig. 8 Flame thickness of the preheating zone

size on flame formation under different conditions
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Effects of inerting agent with different particle sizes on
the flame propagation of aluminum dust

Chen Xi', Chen Xianfeng', Zhang Hongming', Liu Xuanya®
Zhang Ying', Niu Yi', Hu Dongtao'
(1. School o f Resources & Environmental Engineering » Wuhan University of Technology s
Wuhan 430070, Hubei, China;
2. Key Laboratory of Building Fire Protection Engineering and Technology of MPS,
Tianjin 300381, China)

Abstract: To explore the influence of the inerting agent with different particle sizes on the flame prop-
agation of the combustible industrial dust, by establishing a vertical dust combustion pipe experiment
platform, we investigated the effects of the particle size of sodium bicarbonate on the characteristics of
the burning flame propagation of aluminum powder. The results show that, under the condition of
30% mass fraction of sodium bicarbonate, the sodium bicarbonate powder with an average particle size
of 30 pm has a good inhibitory effect on the flame propagation speed of aluminum powder with an
average particle size of 15 pm, and there exists a correlation between the particle size of the inerting
powder and the combustible industrial dust. The inerting inhibiting effect of sodium bicarbonate pow-
der on the flame temperature of aluminum is inversely proportionate to its particle size. It was found
that sodium bicarbonate powder can decrease the thickness of the preheating zone of aluminum powder
flame, which decreases at first and then increases with the increase of the particle size of the sodium
bicarbonate. Finally, we also examined the mechanism underlying the influence of sodium bicarbonate
particle size on the flame propagation of aluminum powder.

Keywords: inerting agent; particle size; aluminum powder; burning; flame propagation
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