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Comparative study on the fire-extinguishing effectiveness
of N, and CO, on coal flame combustion

Guo Zhiguo, Wu Bing
College of Resources and Safety Engineering , China University of Mining and Technology, Beijing 100083 , China

Abstract; In order to master thoroughly the different fire-extinguishing effects of N, and CO, on coal
flame combustion, the self-developed experiment device of coal flame combustion was used to conduct
the fire-extinguishing experiment on coal flame combustion under the condition of importing same flux
N, and CO, gas fire-extinguishing agent for coal samples in Eight mine of Ping Dingshan coal mine, and
the change laws of temperature of temperature field, index gas formation (0,, CO and CH,) , heat re-
lease rate and flame image area obtained from the experimental stages of the coal flame combustion and
smoldering extinguished were measured. The results show that: compared to the free combustion of
coal, in coal flame combustion stage, flame out time, coal temperature rise rate, oxygen consumption,
heat release rate as well as the speed of CO and CH, concentration decline in coal combustion with CO,
much lower than that of coal combustion with N, ; meanwhile, the flame image area exponentially de-
cline in coal combustion with CO,, but the flame image area linearly decreases in coal combustion with
N,. In the coal smoldering extinguishes stage, the coal temperature, the speed of CO and CH, concen-
tration decline in the coal combustion with CO, much higher than that of coal combustion with N, , but

the oxygen consumption and heat release rate are lower. It follows that CO, has greater capacity of ex-
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tinguishing coal combustion compared to N,.

Key words: N,; CO,; coal flame combustion; index gas; flame image ; fire-extinguishing effectiveness
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Fig. 1 The schematic diagram of coal flame combustion experimental system
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Tab.1 The industrial analysis of coal sample

M, /% A/% Vo % FC,0/%

0.81 24.60 32.68 41.91
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Fig.2 The comparative chart of coal

0 1
0 2000 4000

temperature changing

600
I |1 n 25
N,
500 o,
o
& 400F

pE]
& 300}
X

200+

0 2000

)

4000 6000 8000 10000
1)/
B3 AEEETXTE
Fig.3 The comparative chart of flame

temperature changing

(1) P2 A, 5 A m B e 1 Bk,
P X i ) B T A I 3 3 T
s PSS BB, TR A1 A B AR e R
VARG SRR 8 b T
ST BE, i TR AR AR ARG 1Y
FFEE , (AT B 4R 223 K, (H B IR0 7 A



154 ol R % %R B2 %

NG , SLAH A HCBA BE Wk /I , B 7565 T B B30 powor . o

LR BEARSETY 75 , ik B A (R MIFF A8 F —x

fEE AT N, Fil CO, W53 eh, L FHEE 10000 —

Bk 725 T B A CO, I (R0 1 Tk i = s000f

NI N, BB R A5 T4 565 T B, A0 s o

B TN, BB (3o 28 J2 oy T i

% CO, MR BHEGE L N, B, JBE B U i 8 8 = o

[EIIH CO, ST £ TG [ AR 0 £ 2000f

S, (A RO A . Al o .
(2) W3 B AEHEE B T ] GO L

KA B, Kb IR R TG T, U B AR A
B SUNL AT B RSSO, (5 A5 TS o e B 498 K [
B, BT B AT B LG, S BUAIR
Mk ik shAR 1%L, 78 AH R = N, F1 CO, )
SR AT B B L A CO, IR K K
KA BT R B ) B D 2R i T CO, I
BFiE b N, SR A N, — 28 SR G AP AR
REJI R THE CO, — 28 RG-SR Y, T {45735
PR B AT R ASAR A RN TN _E CO, X
TS AT R SR 5 XS 7 R 4V P S5 Rk
HH R TR
3.2 IREESEREZLOE

el AR R N, 1 CO, &4, FI L
LA BT A 2 75 30 ] KR K 4
= AP B bR <A 0, .CO Fi CH, Hk FEFH I
(] AR AR, dnfal 4 2K 6 Frn .

33

21k

O, 1T 0%

16 — %5
i —N,
15 e

141
13 L 1 1 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000 10000
B Ta)/s

4 O, FRSETUXTLLE
Fig.4 The comparative chart of O,

concentration changing

(1) 4 A, 5 A R aes 1B,
it 2 S 6 P 1] A9 38 1 CREPARHR JEE A T 17 ) ) 4
AR 32 W TS, #E SR T O AR5 BB,
H T A ST AR, O, PASER o B T e o
YA M BB, o1 T 22 A7 BRI b, OF H.

ES5 COF4EXIEE
Fig.5 The comparative chart of CO quantity

1.0

=5

-
N,

0.81 —C0,

£ 061

e

gt [\t

£ 04} \

jas]

@)

02f

OO 1 1 1 & . ' J
0 2000 4000 6000 8000 10000

iFTa)/s

6 CH, F=HE¥ftLE
Fig.6 The comparative chart of CH, quantity

PR TR T AE , DR IR 8 2 7 1) 4 it 4 T ik
IN, O, IRBLAF ROt B 8] . 76 38 A AH [R]7R
it N, Al CO, Myscgm v, A0 L THE B f gk ke, 7255
1T B MRy BE, 3l A CO, I Ay FE 48 2 ool A
N, BB /N, EZ Rl T X CO, H B o Lk N,
TR, %o A ) W o T B, W A s T D W]
A CO, S O, A batt=C s irh A
FEM AR B RN, TS 30 0, T FE D

(2) HEIS Bl fEHE A RS 1B,
W25 G B (T B, CO PR A B Wi e, R
2 DR Ay o A 5 AN T v A R A A B N T L
FEFRRIRES T b R IR o AR B9 & A 238
Hfgd o cO L FESE BB, i TR A
CO 5 —HoraZ GO, I HE A A Ak R
AFESTINSE 4, 45 CO A X CO, 1A B i s
/N, COVREE TR, A BB, th T KRG,
SRR BE LAAS 58 4 48 A0 SN o 3=, T HL it 5 28 i
PEBRLEIEFE ; (15 CO A BLm JEBa I, 4R J5 14 4 s
/No FEBAMFEG N, f CO, SLE 4t F



52 1

SRR A N, Fll CO, X HER] KARBE K K AERE R XT HE SRS

155

S B HRRRE E5 BB, A CO, B 1) CO ¥k B
(T RS L aE A N, B % oy (i BRI, () B AE 55
T B B mir ) b T B o iy, 2 )& i T CO, X
CO Jhe IV 1 1 [ J52 o 338 S5 62 28] 1 0 ol A 5
CO Ve 56 T BE 1) Bl J3 U)o, R0
THEXT CO, (W B b N, B K, M A Il B o BT
w YR CO, XPHEASE A IMEIVE T E N, B
VR R B 5, (A IREAE 1) R S 0y R 55, e 2 53U
SRR A 58 4 AL O B3

(3) HEI6 Fli, fEE A AR 1 BB,
CH, ™A= i B 2 MU P P v T 2 4 o, 9 HLAE
1T RUKCZ TR B K, 3% 2 Ol ZE IR B B, CH,,
TR T CH, (4 135 AR FH 5 B I8 B AN 7 7
150 OERE T U A, 0843 v 1 R L 4% (—CH,)
I e 52 A 2 G CHLY i JHL 722 2 A T
e FESE BB, Tl 83k CH, S 5k
N, BRI CH, 7= A il T R T AE S TR Bt , i
TSR S A FRSE DL B 5 BT R T AE
WCAESS WP BT CH, 7 2 s gk 8238 n , ik 31—
FEMEG , CH, AR WG R R . 7638 AR it
N, #l CO, MysEseH A EL T4 B Bikbe, il A CO,
BF i CH, Ve B AE 27 T B B e i 3 B AR, (] ) 7
S5 MR BRI A o 3 oy, 202 i T CO,
5 CH, #RBeaE X s N [ el 3 19 A= ol 3 238 0k
N, TS 350 CH, A3 FE 3820 5 1 7 55 T B B iy
TR R, R Rl T CO, MR E A
IR B N, % 300 A T 55, AT o A5 S A
R FACSiAE SN B 55, IR 58 1 AN S8 4 SR 4K S A AR
B,
3.3 AREMERETLME

FEE AR E N, A1 CO, 50 F AR AKX
(1) THEA5 2 A S5 B IR RIS K 4 i B8 = A B Bt
AR AR L - an &1 7 7R o

HE T B, e B R T B, i T
A SN T IR, AR TR 23 A T e s 7R I
BBt , B T BH R b R be B 1 S i B e B
BEAZ B B 1 R TS 23 38 B K 5 i B KR Js
R TR B VRIS IR BE B B, B TR AN
64 A0 RN HE EE 3G 0 00 PR RIGHE RN 7E
ARG R N, F1 CO, By SEieH  AHEL T A B
WX eSS 11 BORNES Ty B A2 A A RN [
FHBRBEAE FHE 55 , 3 H. CO, X 1 W KR8 B2 i
AR PR B 58, AR 4Rt /0N, DT (6 75 AR il
FHAR,

0.012
0.010F
0.008 -

v

0.006

HOEZR/MW

ke

3 0.004

#

0.002

0.000 = 1 1 1 L 1 1 1 1 J
0 2000 4000 6000 8000 10000
i)/
E7 RARRERTITEE
Fig.7 The comparative chart of heat

release rate changing

3.4 MNEEGERELNE

fiE ] Matlab BRPExT o B AR AT 3% 10 2 5
HOBERA SRR BT BEA IR T 18 1 A, e e
L@ o0 B ia i, SRR BERR S s R4 T — IR
BRI o T A SO HEBR S 17 5= SOt R AR
W4, 7 A JOE IR A, 32 F Matlab P {8
X E JBE 1 BRSO T S PR A T B
B, Hp R Ay JOA T FREE BN R 8 FE & 10 iR

15s

2151 415s 615s 815

8 BAAZSEEAEERE

Fig.8 The flame area changes of injecting pure air

15s

135s 255s 375s 495 s
Fig.9 The flame area changes of injecting N,

9 BAN, R ANIEEREL
15s 75s

135s 195 s 255s
E 10 &N CO, ey NEmREN
Fig.10 The flame area changes of injecting CO,




156 U R

fd 1 Image — pro plus Z 4% LA | Tl 4k 385 1)
KIGEG AT JIA TR - BRI, SR )5 R I E
BIE 75 A i B IR (& 7 289
AE A4y ) o [FIEE, b T XFE A N, fil CO, &1
T A MG AR E T SO AT KRR
BN S A MR I FELE T IC i AL AL B, FLAR (R
FEWE 11 PR,

JIE UG T BAAH RS L

00 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000
/s

B 11 EEGERX L E

Fig.11 The comparative chart of flame image area

HiIPE 8 & 10 B i, A RME A RS,
W IEE A G N, HCOy ZF T X 32 B2
ALRE R JCHRBE I K RSB, AT R R R A
FRLEBUHEIE | 17 HL A HR S BN #e. i [ 11
AL 2T LA 258 A CO, BRI KU
B B 1] G A N, Bf 9 5 /0 s B [ el pA be S 56
T A R ) N PR TR AZ A 2R R 0 D B B
TE K FERRBERI T 600 s S MRS ) IR 24 S L B B, 78
PAE SR AL R Ses  N S SR (PRI T
DR HURA A 125 o R 1 T B T AR AR
HR Il 3 R 8 RS2 PRI S B0 23 SO I 2L
MTE K IARRBER IS 300 s, B JCHE BT AL, HE
e RIS , JOBER I BUE LR T Rt A
WA FL R N, A CO, JE I JA b 52 5 v
(1 e T 15 i AR A ol 2 e AU 07 R X (3) A
3 (4) BERATTFE] : CO, T KO P15 T AR Y 2 i)
A PR RE RO T R, Ny X e AR i R S
HEAR bR AR B, B R 25 HRAE0. 98
AL

y =-0.0018x + 0.9240

R> =0.9859 (3)
y =—0.0475 +0.9817¢ "
R* =0.9882 (4)

¥ ¥ 2%
4 % i

(1) 76 HIEAZ SR B AR T
PR B, R FEAUE (CO Ml CH, 7 AE i DL R
T FE AR R 5 R AR Be B B, M T B
AkLLI A, CO Fi CH, 7= A 5 R B, (] B R 402
KRR N R T R AR A B e K AE; 7E B ANE K
BB, IR .CO F1 CH, 7= A= 2 7 3k 21 Je KAE S5 4B
FEUR T I, i AR A PR O R R T %

(2) AHLELTHER B R ABE K 2 fe , L0050
UE T M KT U 4 2 38 K [A] 3 & N, F1 CO, Xt
PR KRR K Al A v (R AR B KA TR
PR (0, .CO FI CH, ) ¥ B 1 28 A6 LA 7 2E
TAFREm ., EREA TERRBE Y B, 38 A CO, B
TR AR PR R D) & CO Al CH,
WEE T R R/ N Tl N, B A 6] A8 5 78 B A
FEK BB, 3B A CO, BERARR B IR . CO F1 CH, #k
JE T BT LA N, R B 11 B R T AR AR A
PR R I el A N, SRR ) AR

(3) BB AP , 142 AH A 2 1Y)
N, Fl CO, Z54 T I K ASE50, A HTE AR 35 2
HETE /N e L B A BRI A MR R e R
DB R TR B A CO, Ja, JOA BRI TR
EIRF TR AN, 5, JOBEHR R FUR LT
K, [RIEEA CO, B BH K AR I 8] B8

25 B RTAN N, 3R O A A R = AR
TP CO, B T HAMBEMEBAERIL, 8]
VAR = 0 0 i R Ak Je e =X I 1) I 1] oz g R
2, T RE S B0 A RO I BERR R, U] CO, X
B JRBERR K A FE I TORHCR B N, B4

%30k

(1] oL, A UM, BR8] . SRR B2 R 25 X H
BRIGPOCHEBRBEFE [T ] R ABL£HAR, 2015, 43
(11) .64 —-67.
Cao Kai, Si Weibin, Wang Deming. Study on key tech-
nology of coal spontaneous combustion control in steeply
inclined ultra thick seam goaf [ J ] . Coal Science and
Technology,2015,43(11) .64 - 67.

(2] EEH]. BB ie KA LM ], st Bl
ikt ,2012.

[3] Hu Xincheng, Yang Shengqiang,Zhou Xiuhong, et al. Coal
spontaneous combustion prediction in gob using chaos a-
nalysis on gas indicators from upper tunnel[ J]. Journal

of Natural Gas Science and Engineering,2015,26(2) ;



FPEE S N, Fl CO, FHHERH K BREE R ICHERE AN EL SE B0 5T 157

52 4
461 -469.

(4] FEW . 5 KICAIM ] AR 7l R i
#1,2008.

[5] Wang Deming,Dou Guolan,Zhong Xiaoxing. An experi-

(6]

(7]

(8]

(9]

[10]

mental approach to selecting chemical inhibitors to re-
tard the spontaneous combustion of coal[ J]. Fuel 2014,
117(1) :218 —223.
SKRIEZE B HA . EPERS CO, B K KL S 923k
[J]. B 24,2011 ,42( 3) :88 -90.
Zhang Jinjun, Zan Juncai. Technology and practice of
fire prevention and control of inert liquid CO, [ J]. Coal
Mine Safety,2011,42( 3) .88 —90.
XIDHG . CO, YRR HRATIR A R SBR[ .
TR F AR ,2014,42(S1) ;149 - 151.
Liu Shaonan. Experimental study on CO, concentration
affected to low temperature coal oxidation[ J]. Coal Sci-
ence and Technology,2014 ,42(S1) :149 - 151.
BPRIE . B RIS KR BRI M ] dEst R T
b H AL, 2002.
FIRF-, B, SC5E, 5 . CO, 5 N, il A AL A R
XFECSEERFTEL T ], 242 ,2010,40(2) : 10 - 13.
Wang Zhenping, Ma Li, Wen Hu, et al. A experiment
contrast study of CO, and N, inhibited oxidation of spon-
taneous combustion of coal [ J]. Safety in Coal Mines,
2010,40(2) :10 - 13.
AR HEBEOL, SRAEHE, 25 . A ALBR AR A
IRYERERZ B RO FLSE P 5E [ ] B4, 2014,
39(11) ;2244 —2249.

(11]

[12]

[13]

[14]

[15]

[16]

Shao Hao, Jiang Shuguang, Wu Zhengyan, et al. Com-
parative research on the influence of dioxide carbon and
nitrogen on performance of coal spontaneous combus-
tion[ J]. Journal of China Coal Society,2014,39(11):
2244 -2249.

Orloff L. Simplified radiation modeling of pool fires [J].
Symposium on Combustion,1981,18(1) :549 —561.
Janssens M L. Measuring rate of heat release by oxygen
consumption [ J ] . Fire Technology, 1991, 27 (3):
234 -249.

PNV, BTN 2O, 5F . KNS A0 45 H B AL 7R
Byt ML bRt R A, 2011.

Battistutta E, Hemert PV, Marcinl L, et al. Swelling
and sorption experiments on methane, nitrogen and car-
bon dioxide on dry selar cornish coal[ J]. International
Journal of Coal Geology,2010,84(1) :39 —483.
SR, BRI, . R RIS
W 7= Wy o A B e [T ). BORHME 7 22 4k,
2012,40(6) 660 —665.

Wu Shisheng,Zeng Xi,Ren Mingwei, et al. Product dis-
tribution and reactivity of coal pyrolysis at high temper-
ature and in atmospheres containing O,/steam [ J].
Journal of Fuel Chemistry and Technology, 2012, 40
(6) :660 - 665.

FKEEF . MATLAB %7 QAL B M ] dE5T: ALK
Tll i RAE:, 2009

(Fhethdh: Zoesb)





