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Numerical simulation on multi-jet diffusion combustion of low
concentration coal bed methane

TANG Qiang' , LI Jian-xiong"*, WANG Li-peng'
(1. College of Power Engineering,Chongqing University,Chongqing 400044 ,P. R. China)
2. Henan Mechanical and Electrical College, Xinxiang 453002, Henan, P. R. China)

Abstract: It is important to utilize coal bed methane to achieve the safe, environmental and economic
benefits. The authors simulate the processes of multi-jet diffusion combustion of low concentration coal bed
methane using ke turbulence model, non-premixed combustion model and P1 radiation model. The
influences of different geometrical structures and operating parameters on the combustion process are
compared with each other. The results show that the distance between the gas nozzles and central axis, the
angle of gas deflected from air ,the velocity ratio of air to gas have important impacts on the combustion.
When the distance, the deflection angle and the velocity ratio are 30 mm,45 °and 2, respectively. The best
combustion result can be achieved.

Key words: energy and power engineering; coal bed methane; diffusion combustion; multiple jets;

numerical simulation

BIZRRAFEEZ T LR ey B2 L RAIRE AR TR RE IR A5 4 . s T 42 4
B2 B A T AL 2 T O T R U S T RSB R RO BE . 2008 AR R E K AT T ORI
SRR T RZ KRR . BURERE R — AR FUID) HERORR v ) o R AR 1 HE R e L ] i =
F¥9 T e GE AL L[] I R — o Y R A 14 B » LA 50T SRR S DR B A 5 ATk J3E A )2
T E B PR 22 A ™ R 2R IR LE S SRR ZIA R L.
RAKHEEANGR % TR B i55e T3 8E. ILIT A 2o X F DR ILAS BB A 3 A 23 A s e B TR

A5 B #7:2009-12-20

A e B H R E KRBT H (CSTC, 2008 AC2051)

AE A SR (1973, 5 PR RIBR Tk AR BE SRR IS, (TeD)023-65103114;5
(E-mail) tangqiang@ cqu. edu. cn,

http://gks.cqu.edu.cn



50 TR KFFER

33 %

J25 B RBAR R P AE 3000 ~4000 2
], B2 Ny f1 CO, SR AR R H AT
JEBRI A 3 2 A v A B SR 8 A L . IR
JEREJE R PE B 3 R B v B — B Sk B0
TINH T A B T TR SRR L I LA
KAERE S KRS RE R 22 o DR A o BT AR ik J3E I
JE MRG0 Z RERS o 2R E MRS

BE B TT 1 B E B W TSR B | I 30 45 ] el
MR Ik R 22 E R XM LR R T 5908
FAFFA G SR S TSR RS B R A AR
£ HRT BT 5 2 4R A e TR be » 25 Rl i i 52
JER AN SRS . T ERT BT A5 %k
Az f] I K HL AR GEah F e B A Tl A R
TR - AR AR AR 4 B R O A
it BUEAT T RBUE B LE B T A [ T Al R A
7] 78 AT ad it R BOS IR bR o B

PHUIRBR ) PRAS 32 2L TR 2 IR A
5052 5 ARG A 0 L g 5 A — s I e 9 AR e W Y
JUART 57 5 | WG 2 R T J3E 45 R S5 B v S A e o 2 2
YUY AR i B Y G B L B8 R B R Ly
PP T AR R E R U b A )
e 3 JLT5 1T PR 2RO 2 kG BE 373 9 R W O % S5
AT T

1 s

R ESmE 1, EZREMEIA0Y
SR FH O W% 8] g X FR AR BT 20 A Sk 2 AR T
HMI Ay 25 S 1 RS S A i AR e s ] L 3
Y HOR G DR . By 1 E8K BE S 400 mm, Ui
1 B A5 400 mm 600 mm, J5 18] B &5 7 25 5 R
Sfoh @1.000X3 100 mm., AR AR i i3 B 7E A H i
s A BB ZS [l ) Ty 1 S XOIE T ). A RE g
FUXF T B A . e A 0 58 [ 22
BB R a AR A Srh O Z MRS R 0, M
JERR R 3000 ks 7000 B, IVE N
10 772 kJ/Nm® ., BREE#5 T % 0. 75 MW, RS 5 )
MERXFOREH R 256 C.RARBEFHERERN
305 m’/h, A RN 1. 05,

AN

AN i H

B1 MRrRELZMEHE

2 RAAEERGTE R

RS TR WoNL B I 1 L WA e L R s
TSR AR HE ke i U0 X7 R ASE 1Y, Xof 0T B Ak 114 K 1
Ui B Ak B R A o BE ThT BRR . R FH AR BIIR A8 b L
T ZR G 2 T L 1Y) 5 SR P A (R B B . R
I P 555 A BASE TR SR g 8 S5 A% BA07 7 L SR DI AR
TSP 24 458 TR S A 3R 8

T DX 199 R 30 73 249 R P 465 K A 7 T A R
A% P IR DK I A% HE AT 0 R AR K2
36 J1 » 22k AR JG O M B E - B W 30 23 1) I A% R/
AEW AL THRRT BE 2R . IR e Rt I R 2 AR 1
B BEPE T T AR B R O A . BE
TR JH TG U B8 o BE L 1 S A5 1. T=200 'C. R
Simple 8% 5K fif He g - 4 3 48 5 1] 8, F 30 00 A9
BRI i 2t AUA XA R A

3 BMERLSH5H

K HEEB B EE TS S mE W
LSRN i L B SR O/ R 1 RTINS T SR S
Sl S S5 1) ) AR RE RS RO AR R T A
ISEPOpCY = aw Y BuR o)A I PUpOR Y PuN
R B 3 S G Wk BE S 0 43 L A B R S
R BE ) S50
3.1 RASZEA P REY R

25 S ] Ry 7K P Sl e AR R AT 2 S ) e
30 PR HE R 8 m/s, R EGMAIMHEIE LN 2,
M 5 e A B 0 O 25 mm £ R L B BRI O
RN Z M o RFEEHZ W,

R 75 BN Jee 25 [A] ik BE A8 AR 1 O o W il 1l O 1) FE
R I8 25 () 1 B BB 100 mm, J5 BB 200 mm 4E 20
AR . B 2 S a (EAS [ B A B T 5 A i AT
PR A A 2k . IR TR R LA S R AR
AW 5 R BE U o Oy e R B A . IR TE A
2 000 mmAb 3k 3 J5e KA - Fifi J5 U BE B A BRI . 1
[ B a 76 5~20 mm 7284k i, B4 58 25 18] iR 52 43 A A2
AN K. PO e o A 110 R A 38 B e T S 1) AR
SYTHCE B A RS S TR B RO X B R
AR AR K . B TR A — I A R T
IR MR A SR R, 155 11 () R 52 i A2 /N
T3 AME L2 SR AE R W] TR e A TRl s i 2 b s
T — B R B AR A A — 8 R ) B X UL B
RO AR AT AE [0 9 DX 8. 1T L B (R PR @ 35K, [ X
S A I RN by N 1 G 958y NG = 8 R
8] 3 5 22 A DR IRIR R RS 2 Rl IO e
B IPR AE — o R B KT T AR RS K 55
SR AR EAE I RHR BRI S

http://gks.cqu.edu.cn



F o4 JE

% USRI HOR B 0 BB AL 51

PEAUZE SRR WAL a {E A TR I 25 18 48T Y FR A
3R B A 1 ) ) A A S A AR ] L X — 2P
AR RN ERO R ot AR

1800
1600 F Ifgfgzlzlzlﬂzl:,ﬁ
1400 g
1200 e 5 mm
S1000f —e— 10 mm
—4— 15 mm
800 r v— 20 mm
600 |
400
00 05 10 15 20 25 30 35

X/m

B2 aXALatsh@iREosH
w4 B 69 % h
FEBRA AN ZS AW A o R 5 mm RS ) 55 R
Ty s 307, R HEE N 8 m/s, 25 R 5 BRI
FELR 2 2500 U BRI H S O R BE RS b ok
AR,

Bl 328 b fEAS R B R e 5 v o0 Sl 2 1 1 g 1) 5k
JEr A . IWEIH AT LA 1, 7EmE 1 0 — B X
FEAE B0 i) T 0 B A s DX A 7E — A 181 37 X 1 EL
1 O N RS 1 9 3 = [ B B NI B N S
Sk b E N [) B R e s ] 45 8 48K T 1 6 Jn AT 2
BEAy A L 5 SR ik dpe 2 [a) il 1) 5 1) b B e O o 3 K

8r

3.2

V,J(ms)

B3 bRAHBREE F & LibaREyH

AR OL . B AT U H S R & ORI e 2
I6) iy Bl B2 b O A b Y b o BT R R
X B W A 1 AR AR O L &
R — A U X 25 97 T8 B — 5 I 2 L B
17 DX I 87 AR 5 22 1) v 3 A 98 1 g 3 R 1ol
U T BAGE 1T PR AR R DT B A A b i
FE o AHNIE A RS R F] 30 mm DA_E i i 8
Gy B A A P AL A, W P 08 K 8] B X 98 58 52 i
AR
3.3 HARAEMIA

RT3 R UL 45 SR 3 L R 1) 25 KT 1) i A

1800
1600
1400
1200

& 1000 [
800

600

7K

400

00 0.5

35r

3.0

2.5

20+

1.5}

1.0+

CH mass fraction/%

05}

0.0+

00 05 10 15 20 25 3.0 35
X/m

BHS bXAHIHEBBDFIRAETSHOH

A% WO BB RCR R ZE T BE @ 9 5 mm, [ EE 6
25 mm, 2 SGHE N 16 m/s S50 T RFFIRAR
AR L EIRAR n) 25 ST ) A A BE AR AR R

Pl 6 SRR I 25 S 1o i 5 AN T) R B A% A
TR T B 0 AT 85 R Y 1 A Ay A . LR
A LU o Bl i 7 AR 3 R IR T i i
FARER 45 B b TSR, AEBR R S R S . B A i
PR R A BT R R, BT R S ] e
SO Bl P Bl ) R A3 A . NIRRT LU M O 5 A
JES 15 CEE g KRS gD o Bl e AR R
[ DXR ST A O o B b B . 8 S W 1 Al
& ER e BUE el 2. TEmEE MR 45 °
B R 8 o o 43 50 B B WY J KT O A A L
Ul B TE A B R DL T R R R A R R
PHGE B R TR S B s IR &,
PRS2 ST — I A B, P 3 BB 18 T 47 1 IR
Ao BRI ] A i » AR 3T HO el X T
B R A A T O IR R S R, I,
HR I8 DX I8 T P4 ) 9K o R BBE PR R BE b R R B
DX FB A 0 g B e R T A T A A I ) B
TET TCAA o 0 AT BE T B
3.4 RASRABREILG A

WM @ 5 mm, [B#E 6 4 25 mm., B8 H FE

http://gks.cqu.edu.cn



52 TR KFFER

33 %

1800
L ;';.;_.—‘—-I=l=l=l=l
1 600 /Aﬁ ;3;‘
1400 S
o
1200 #/,
S V7 s
1000F /]
5 —e— 30°
800 ' é/ A 450
600 |-
400

00 05 10 15 20 25 3.0 35
X/m

B 6 Rk A R e B R A

V,J(m-s)
[\ ]

CH,mass fraction/%

B8 FRmitAMIMEaFTIRAESHK

N8 m/s, SRR A T R e 30 T A ME Tl i
E G VN NTE AV NI T S SR Bty R S |
HR IR T B2 E X JRE T2 SRR I R T

P9 D AN [ 3k JBE EE IR 5 6 48 1 Joig 2 in A 2
I S T b 1) 0 A 2o AIET PR LA L 7R L
Oy 1.5 W — b T Ul WA B B L S B
IR B B R HORE O W R B TR . X
ek DR DAy I FU S RN s 25 SO0 R B A W A FH 8
WIS T B IR A A OB IR . iR T F
— 7 fELJG TE R B8 2 8] B4 R R R R A . HL
2 BN RE RO 15 U Ik 2 77 AR TS R A
R € AU ZE SRR WY BE L o 3 i) v o T b B
BRI FRNGOL . 53 S0 L HE R I i it /9 25 U
TR . AR WAL L L 2 IR AR B

1800 |
1600 ;y:gfifg;iziéiiigi:i
;9/ v
1400 - i e
A
1200} %;'7
—n— 1.5
é 1000F 4% NI
800 /A —o— 25
—y— 3
600 |
400

X/m

EEIESCEY S Iy P

3.5 hiLsR

T LT A A A ADLAS F A5 R R b R L L AR
SES AL, FEEEE « 5 mm, [\ 6 H
30 mm, SR 257 I e 45 °, S A H AR
JELCA 2 B BRGSO B by, B A5 SR Wl 10 0
B 117 . B 10 g #Reeas [ Hhly Z=0 F- T 1 i
JESr A . AEME I 1 H 200 mm bR FFHF] 820 K,
BRI KR BE 3 . L DX 8 A R 58 2 ) s 3 462
L i DX/ R AR B AT 2 5 i E T A A
Moy 1460 Ko HHRBAK . B 11 Dy £ f 8 i
CS e i o Qe 1 s i PO o S
900 mm [ A AT b Y GE BT o A0 BB ) 100 LA L
F1F- 0 BE B 3 0 BCK 2. 86 X 10 °, HEGE R B Rk %
7£99.99% LA .

e

1% 1000K; 201200 K;3 41400 K;4 1500 K;
541600 K;6 %1700 K;7 K 1758.92 K
B10 Z=0-F&@:BE5H

25

1

“l

1.0} \
0.5 \

CH,mass fraction/%

00 ..... . 1 . 1 s
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
X/m
H11 #H&airaFlmEaik

http://gks.cqu.edu.cn



% 4 3 JEOBRLF ARREM B A S SUAR Y B R 6 BALAE I 53
combustion for low heat value gas [ ] ]. Journal of
4 B

R FPBUE R TT IE RS TR = e AN T
TOL T AR . 135 T L Y R S M
I3 PLR 458

DI S = U WA — 2 AL T 4%
A A AU I 2 18] Y R A A T R BE B R MR ) 5

2) IR AIE 1T 5 Hp G B R B R A Y G
E?ﬁ&é@ﬁ#%ﬁ%ﬁfﬁﬁziﬁ (ENIE 7 N

30 mmUPh b5 . 4R SE 3 R[] BEO6HIR 8 1) 5 0 /) 5
NIRA ET(]IL[LJ S A — 2 A R A R

Frbo B3 X T B 3 AR e B RE R A R
fii % F 2D 45 ° I W‘Fiﬁl%iﬁiﬁ%

) 23S R R I S A — E 22 {EL IV RE
PG WA Mﬁﬁﬁﬂ?ﬂ?kﬁ%}?ﬁ =B 8
JELET 2 W ROR BT
e ¥

[1]SUX, BEACH A, GUO H, et al. An assessment of
mine methane mitigation and utilisation technologies
[J]. Progress in Energy and Combustion Science,
2005,31(2):123-170.

[ 2] HOHNSON P W, NOVAK T, MEMBER S, et al.

Use of mine ventilation exhaust as combustion air in

gas-fired turbo-electric generators[ ] . IEEE
Transactions on Industry Applications , 1998,34(2):
399-405.

[ 3 ] KONTOGEORGOS D A, KERAMIDA E P, FOUNTI

M A. Assessment of simplified thermal radiation

models for engineering calculations in natural gas-fired
furnace [ J .
Transfer, 2007,50(25/26) :5260-5268.

L4 J Mo pg. B2 A ——Fh ik 153 97 & A H B i e L . T
MR b, 2006 (3) :1-5.
LIN ZONG-HU. Coal bed methane

International Journal of Heat and Mass

A kind of clean

energy resource to be urgently developed and utilized
[J]. Industry Boiler, 2006(3):1-5
[ 5] CHACON]J, SALA J M, BLANCO J M. Investigation
on the design and optimization of a low NOx-CO
both
computational fluid dynamics (CFD) simulations [ ] J.
Energy & Fuels, 2007, 21(1).42-58.
[ 6 1 RIE . TRBED - XU A5 AR P M R 2 R e 2
AT, R B K 2 244 . 2002, 30(8) :932-936.
ZHU TONG, ZHANG YI-MENG, LIU MIN-FEI,
high

emission burner experimentally and through

et al.  Numerical simulation of temperature

Tongji University.2002,30(8) :932-936.
[ 7] GOSIEWSKI K J, WARMUZINSKI K. Effect of the
asymmetry of

mode of heat withdrawal on the

temperature profiles in reverse-flowreactors. Catalytic
combustion of methane as a test case [ J]. Chemical
Engineering Science, 2007 , 62:2679 - 2689.

[ 8] ISHII T, ZHANG C, SUGIYAMA S. INumerical
simulations of highly preheated air combustion in an
industrial furnace [J]. Journal of Energy Resources
Technology, 1998 ,120(4) :276-284.

L9 ESH, Bed ). e e e BL 30 #A 08 % it L 37 HICK M 1Y
BE BT . A R 2 4l B R BEF R 2003,27(5)
68-72.

WANG ZONG-MING, DUAN XI-LI, TAO,

Numerical simulation on turbulent diffusion flame

SUN
et al.
of gas burner with spinning air [J]. Journal of the
University of Petroleum. Edition of Natural Science ,
2003,27(5) :68-72.

R, BW, LA, F ORGSR =R
AR BER DL BAE BT ], A3 0 K22 4l A A B 2
fit, 2003,27(2):93-97.

WU DE-FEi, MAO YU, JIANG HUA, et al

[10]

Three-
dimensional numerical simulation of turbulent flow and
combustion in gas burner with complication structure[ ] ].
Journal of the University of Petroleum Edition of Natural
Science, 2003,27(2):93-97.

[11] MANICKAN M, PERRY J, SCHWARZ M P. CFD
modelling of waste heat recovery boiler [J]. Applied
Mathematical Modelling,1998, 22(10): 823-840.

[12] LIAKOS H H, FOUNTI MA, MARKATOS N C.
Modeling of stretched natural gas diffusion flames []].
Applied Mathematical Modelling, 2000, 24 (5/6):
419-435.

[13] LINDSTEDT R P, VAOS E M. Transported PDF
modeling of high-Reynolds-number premixed turbulent
flames [ J]. Combustion and Flame, 2006, 145 (3):
495-511.

[14] JH3E, BUA 51, 45, IR HE 2 R be s i 52 m [

A By B BB LT ] 3 J DA, 2007, 27 (3)
344-348.
TANG QIANG, LUO YU-DONG, ZHANG LI, et al.
Numerical simulation of influencing factors and a way of
optimizing burners for coal-bed gas of low -calorific
value[ J]. Power Engineering ,2007,27(3) ;344-348.

(m# R R)

http://gks.cqu.edu.cn



