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fifi b, R G-G fEld b3 8, 12 A HAE SR BT Ir ik B/ A LM AR W ¥ | 7R ST CaCO, it
R AR N 2R R LSS A IR TR FE B 22 = e AR A KCIRLE RS2 i, X P4 S EOR BE R B 2B 5
A G B Y 2 PER, DU 10005 Al sy R B A boB 2R AR A AR S BRI, 45 S 2 ™

1 £ 1§

1.1 HmiaE

IR R B EOKTE RS, oF 200 B ARES, 4K 5 i ] BT-9300S SOCAL B 43 A1 AU T K GE M #E 4T 1 RE
JEI T, BB ERVER B ALRLAE Dyy=17.16 pmo  H FIH TSR A B IR EL . wiRth . 4 bk, i
ekt K, R T4 e S RORE A B2, A S P SR e AT 00 9 CaCO,, HAlBEAIR T 99.0%, £ LR
ST CaCO; K AR BE HEAT 40 H7, & IR CaCO, BRI Hh A7 Ki A2 Ds=2.06 pm.  E K TEH; Fil CaCO, B
FE AR WAR 1. M 3R 1 AT BORTE R AR 2 24 ThAE 3.90~105.24 pm, 1B F KR JER & K/MAR
— M AER BIR AW T CaCO, T B LE 0.43~6.41 pm, KB /A5 XS HL AR E b, A I TR i vk b
XA A2 s B AR Kl B A R o Ry D/ ey 2R R 7K 53 708 TR o) 52 36 45 SR )52 T, A SIS 36 R K B A
CaCO, A B2 TR N T4 12 h(THRERE N 70 °C), WPy IhiRFE R T2 2, T n B ke
NBE BT BB, RAF TAEA TR T gs b, s 1o SERZ Rl 25 °C, % h 35%~38%, &
KIS 8 Tl )83 ot i 43 BRI T R 53 o o AL 2.

1 NESH
Table 1 Size distribution

P D,y/um Djs/pm Dgy/um Ds5/um Doy/pm D,o/um
FKIEH 3.90 8.53 17.16 29.95 45.03 105.24
CaCo, 0.43 0.97 2.06 3.85 6.41 13.77

x2 EREMHILSHSTRESH

Table 2 Proximate and ultimate analysis of corn starch

JCE A R AU Y% TS 580 %
C H N S 0 EiReq R Moy
45.80 4.80 0.30 0.07 49.03 14.50 83.10 2.40

12 ZRRERZHSE

W 2 AR 25 IR SR R 2R 5 25 DRI L) Solenoid valve
P Hy 3 By 2 A SR A R 2 A Dust chamber | Gas chamber
AR I 1 AR IR B IR RE , T4 2 25 rh s A 5 LY 11 Glass adopter ,_[_l—l_ﬁ__
TR TERY B AR AEAEA XT3 B, 58 ) X 0 RO L 4 Stabilized voltage ~ [Pressure
HEASHID 0, e 22 SRR IR pumacense [ [ L
52 F B BAM B (B T BT 247 5 7 N b
B TEC3TH R G-G s 3% 2 Ao T £ 3K .
SR TR KT B U 2 SR Pl T AT - .
B, B SRS I S TR 21 43 K (0 R 4,
TR A 2 25 A% 2, 7 L BAM 400 5 F 45 L 4 \ o femperature
T G-G Wil 5 45 51, 430 bR F TEC3IH HE 35 1 1
Hy G-G & BT Wy 2 B2 O B T 5 7
G-G 2 AR LR Toll A R B 7 o 5 e Fig. 1 A sketch of the device for testing the minimum
wil, WE R, ZEENEBRHERSE TEERS ignition temperature of dust cloud
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T 0.16 MPa, il EEJE 2 20~1 000 C, &2 F N 236 mL. i HARIE R (B 2R = S fiE O B e
J5 ) GB/T 16429-1996!", SZHG i, ¢ il izt it BHLZZ LA 100 °C A4 32 B 132 720 SR i Bl o B 315132 i 4
N IR, AR5 I R 4 28 S By 2 — RIS A A P, S5 Ja WL I 30 T oty 1R A5 A KA mE
S () R AS b R AE T I 3 XU P T8 R 12 A KR AR S, AR A A T T A A B R KA
Mg, WA R ok, A R KR TR KOG, SETTE 3 s DAL, WD S AR 26 K 3l 2 U oy O
J1. MR R CaCO, 5 T K FEH T AL HL B CaCO, i 405, BEME Y 2 25 5 K B S AR P B 3R 188 B Sy 7
BE A R M 2L s B I TR R
2 MEAHEENREXREIEXRXWIET

XFFZHRZIKF S5, BERESR R AT W7 Wy R ], i = B3R KPS B
M 33=27 WG, AN IR R 232 BAE R, RIS IR =K, W7 22 3°=729 IRSE5G .
2.1 FEERFMKFHEEF

VERU R ST AL U B, CaCO; itk 4341 C iX 3 MR R TS, IIZE MUK L3 3.

#=3 EHREXKFE

Table 3 Factors and levels

K A/MPa B/(kg'm™) Cl%
1 0.04 0.741 10
2 0.06 1.111 30
3 0.08 1.481 50

22 XWHE

RS EOE T B A BT R B . CaCO, JoT i 43 A5 M H 22 B AR FIN K TE M B 42 = e (R K il 2
BISER, I AC BAE 2236 L),(3")™, A8 H.IEAC S0 5 SR AN3R 4 iR, B M 20 = FefR KOIRLEE 0., 1E R 55
dGbR, R 49,10, 12, 13 5182 1A, FTorrid 22, A 27 Msigi r 58, S gi R L% 4.

3 RBERSH

X IE AR SEHR 45 SR 0 B AT 2 B ik — B WA BT, o — R gy 2250 ik .
31 BEWRHhE

FOULA BT i MOBR MR 22 3 AT s, Bl it 545 3T 1M 25 ROSR A, e 25 1 K/ R T R 3% 5
G BR 5 M 0 55 R T, W 25RO, SRR, A, W 2SN, SRS . A5 Y R vl s R A
(EEAp

R=max {k;;}—min {k;;} (N

s i IKOPEL j R REL kAR ER KT | R & SCIR A R 4ME . BA S BEAERI R AR 51
BB 22 22 i, 45 TR 28 R HE A A A G B UL A 245 SR L6 5

M5 ] LA H: CaCO, BB/ 8UHY R fie ke, 4 29.1, F W CaCO, i i 20 Bonk T KT # 2 2 eIk
KR B 5 AR B A s AN BUE ST E0 R e/, A 3.6, WM HIUE S0 R TER B AR o B AR IR Y
S0 B B R AR 2% PR 38 B 38 AR FH T 6 K U M M 24 2 SR I A K TR B 1) 52 ) el SR B 554K €L B
AxB, AxC, BxC. 4, Bl CaCO, i 843 4. M Bk i . /7 HUE 58 R IE W o s iUE 1S
CaCO, JE RS ., By R E 5 CaCO, RSB H . 2 HUE .
3.2 BESWE

5 2553 AT 38 30 K 8 2557 Ty N0 fidk Ry 4% D2 1) S 21 O RN S R 22 B F- O BN, M v F R E i, AR AR
07 2253 T 2%, Xk P20 S B AR 1Y) S ARG 361, 5 35 KT o H T 0.01, 0.05, 0.1, FERT T E
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W3 v 38 3k 4 DR 3R B 2 1 R/ IN R DA S 3048 A 5 T 1 R 55, JB T kA B, L R 25 KON —
ANEWIBRUE, T7 2253 HroReh TR 2E 0BT A 2
WA R WA RO T 2200 R, R 6 Frr, £ 6t SN2 VI . d o HHEE . M, R
7\ FNFSitaE, e HIRZETL,
R4 XEEXIWHERMIBLER

Table 4 Interactive orthogonal experimental details and results

SRR 4 B (4xB), (AxB), C  (AxC), (AxC), (BxC), (BxC), 0./
1 2 3 4 5 6 7 8 9 10 11 12 13
1 1 1 1 1 1 1 1 1 1 1 1 1 1 475.0
2 1 1 1 1 2 2 2 2 2 2 2 2 2 480.0
3 1 1 1 1 3 3 3 3 3 3 3 3 3 500.0
4 1 2 2 2 1 1 1 2 2 2 3 3 3 465.0
5 1 2 2 2 2 2 2 3 3 3 1 1 1 473.0
6 1 2 2 2 3 3 3 1 1 1 2 2 2 485.0
7 1 3 3 3 1 1 1 3 3 3 2 2 2 453.0
8 1 3 3 3 2 2 2 1 1 1 3 3 3 463.0
9 1 3 3 3 3 3 3 2 2 2 1 1 1 482.0
10 2 1 2 3 1 2 3 1 2 3 1 2 3 477.0
11 2 1 2 3 2 3 1 2 3 1 2 3 1 487.0
12 2 1 2 3 3 1 2 3 1 2 3 1 2 513.0
13 2 2 3 1 1 2 3 2 3 1 3 1 2 467.0
14 2 2 3 1 2 3 1 3 1 2 1 2 3 470.0
15 2 2 3 1 3 1 2 1 2 3 2 3 1 495.0
16 2 3 1 2 1 2 3 3 1 2 2 3 1 435.0
17 2 3 1 2 2 3 1 1 2 3 3 1 2 443.0
18 2 3 1 2 3 1 2 2 3 1 1 2 3 480.0
19 3 1 3 2 1 3 2 1 3 2 1 3 2 480.0
20 3 1 3 2 2 1 3 2 1 3 2 1 3 485.0
21 3 1 3 2 3 2 1 3 2 1 3 2 1 490.0
22 3 2 1 3 1 3 2 2 1 3 3 2 1 455.0
23 3 2 1 3 2 1 3 3 2 1 1 3 2 463.0
24 3 2 1 3 3 2 1 1 3 2 2 1 3 487.0
25 3 3 2 1 1 3 2 3 2 1 2 1 3 445.0
26 3 3 2 1 2 1 3 1 3 2 3 2 1 457.0
27 3 3 2 1 3 2 1 2 1 3 1 3 2 482.0
RS KRERBEUSH
Table S Intuitive analysis of experimental results

R ISES ky ky ky; R ST R ky ky ky R

A 475.1 474.1 471.6 3.6 (4xC), 476.2 472.7 471.9 4.3

B 487.4 473.3 460.0 27.4 (4xC), 472.4 476.0 472.3 3.7

(A%B), 468.7 476.0 476.1 7.4 (BxC), 473.6 475.9 4713 4.6

(4xB), 474.6 470.7 475.6 49 (BxQC), 475.8 472.4 473.6 33

C 461.3 469.0 490.4 29.1
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&6 FHESWN
Table 6 Variance analysis
ZEFR S, d; M, F b
A 60.518 518 52 2 30.259 259 26 1.278 060 227
B 3390.296 296 2 1695.148 148 71.597 966 37 ok
A*B 447.703 703 7 4 111.925 9259 4.727 414 939 *k
C 4098.296 296 2 2049.148 148 86.549 863 12 ok
AxC 174.370 370 4 4 43.592 592 59 1.841 220 18
BxC 157.925 9259 4 39.481 481 48 1.667 579 194
e 189.407 407 4 8 23.675 925 93

F(d,, 8) NG AAA, ne 7 fras, Ho o R e 09 0 M KF, 8 9 A 3 F, B 0=0.1, @=0.05,
0=0.01, #FHHZEN FEIHERT Fo 0 (d,, 8), UIATE B (5B p=99% I, 1% P F K- 1 B4R X 45 552 i 5
JE R (p=99%) , £ N KK F GAHME KT F,s(d,, 8), W1 K K B oo AR X 25 S 52 0 1 35 (p=95%) ,
HHEFEN FGIHERT F,(dp 8), BEHIZ K 27K 19 A8 % 45 B 52 i — 5 .35 (p=90%) , & - ZE 1Y
F Gt/ N T Fy (d,, 8), VEIIZ IR KV el A8 X 25 52 R i 3 . 3R 6~7 WL, F<F,,(2, 8), Ui
PR A X TR TEM A = (R E KR A 3 R, NE A SRR CMxcE ., HEBEHE
C B BN F K VE R M 20 25 e ARG KRB B2 N B35 > Fo (2, 8), BB R B X EREM M=
R IR BRI 5 B 2 (p=99%) , iC R+, [ BRIN R C X TR TEN R 2 2 e AR KR B A 52 i
FE B (p=99%) , IL N ***, F) (o4, 8)<F, s <F,,(4,8), IWIN K 4 5N K B B HN ERIE L =5
T KR R2 ) B3 (p=95%) , it k>, 1 M B ol 50, & R XL B AR ERTEM B L=
FARE KRR MR EHE C. B, AXB, AXC, BxC. A ¥, RIRFEAR, B CaCO, JE 440, B i ie
WEE . A EUE S M AR FEIR B R3S B A 15 CaCoO, s /328 B By i Wk 5 CaCoO, fit
RS . AU JTR R TER K3 20 25 R I I B 5% e A B AR O BRI, 55 B 43 BT () 285 R AR
— 3. FrLA, PEARE AR T AR P B R, TR A s TCIE AR A I LR S s 1 R AR 2 S i
2 R B A AT R T 242 2 JCBBURRAE R T AT 11

*17 FohiaFE
Table 7 Critical values for the F-distribution

FO.OS(Z’ 8) F0.01(27 8) F0.1(2’ 8) F0,05(4’ 8) F0,01(4’ 8) FO 1(4’ 8)
4.46 8.65 3.11 3.84 7.01 2.81
A\
4 4 it

FIHI Godbert-Greenwald 4, BF5¢ 1 70U ) B AR BRI E . CaCO, ot 70 Bouk R TER A 42 = e
B KRLEE B R2 W, B X H AR 42 2 R R KRS 32 22 TN R 227K B2 Wi G S B E 9, SR FH A 52 LR A2 52
BT AN B 1 B DR B e kSR R (Y R, T L B8 T DR R ) 1 2 AR R A A 2 e iR
HIGREA BETER W, FRR M.

(1) 53598 FH LW BT 32 BT 22 73 BrIE IR ST 1 45 IR 38 B H A2 A OO KRG8 A By 24 2 e IR it
BERFEMA SR 55, 3 2 Fp 5 A B I 4518 — 2, B CaCO, Bt 08, By B Wk B | A3 Bl ) S b e
WIERSEH. 3 J1 5 CaCO, Bt 7 B2 1., B R BT 5 CaCO, i /3 KUY A2 H. | S Bl 1%
FORTEBIA A2 25 B IR Il B A2 0 o E R UK A

() TE R CaCO, X 42 5 e IR A KIRLEE IR Wi o5 3 (p=99%) , A 22 IR e FE X M 2 = fie IR

G
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R B2 MR 5 5 (p=99%) , J3 HIUE 1%k R TE R by 22 2 B IR KUl BE OS2 M A Y2 25 (p=90%) .

(3) 7Bl g 5o 2 o e B 9 S8 EAE R B 22 2= de fEE KL OS2 22 (p=95%) .
JIT LA, FERED Az e R v, AT LA e AR RO 2 ok B R AR 7 T A S T R R by A S A P

Jit, R ARRAR B 2 (AR A SRR RE , O A D A AR S0, (), 87 e B 9 2 o v 5 0 T T 1Y

A S
£33k
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On factors affecting minimum ignition temperature of corn starch dust cloud
based on interactive orthogonal experiment

WANG Qinghui', YUAN Shuai', WEI Yuanmeng', WANG Danfeng’
(1. College of Mechanical Science and Engineering, Northeast Petroleum University, Daqing 163318, Heilongjiang, China,

2. No.3 Oil Production Plant, Daging Oilfield Limited Company, Daqing 163113, Heilongjiang, China)

Abstract: In order to evaluate the explosion sensitivity of corn starch dust cloud accurately, to carry out the
dust explosion-proof work effectively,and to ensure safe production of grain industry, a series of
experiments were performed by using a standard Godbert-Greenwald constant temperature oven device to
explore the influence laws of the following factors on the minimum ignition temperature of corn starch dust
cloud. These influencing factors include dust concentration, diffusing pressure, the mass fraction of CaCO,,
and their interactions. The sensitivities of the minimum ignition temperature of corn starch dust cloud to
these influencing factors were investigated on the basis of the interactive orthogonal design method. And the
results are close through both the range analysis and the analysis of variance. The mass fraction of CaCO,
and the dust concentration have highly significant effects on the minimum ignition temperature of maize
starch cloud. The interaction between the spraying pressure and the dust concentration has significant effects
on the minimum ignition temperature of maize starch cloud.
Keywords: minimum ignition temperature of dust cloud; dust concentration; diffusing pressure; inert
media; interactive orthogonal experiment; range analysis; analysis of variance
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