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A Study on Combustion Characteristics of Turbulent

Methane/Oxygen Diffusion Flames
Sang Min Lee', Ho Keun Kim", Han Seok Kim" and Kook Young Ahn"'

ABSTRACT

The combustion characteristics of 0.03MW turbulent methane/oxygen diffusion flames
have been investigated to give basic informations for designing industrial oxyfuel
combustors. - NOx reduction has become one of the most determining factors in the
combustor design since 3-5% nitrogen is intrinsically included from the current oxygen

producing processes.

Flame lengths and NOx concentrations were measured by varying
flow velocities with and without installing quarls,
enhanced by oxyfuel combustion in contrast to air-fuel combustion.

Flame stabilities are significantly
Flame length

decreases with increasing fuel or oxygen velocity because of the enhancement of

turbulent mixing. NOx concentration was reduced with increasing flow velocities.

This

can be attributed to the entrainment of inert product gases into flame decreasing flame

temperature. The

installation of quarl

on the burners rather increased NOx

concentration since the quarl blocked the entrainment above the nozzles.

Key Words @ Oxyfuel Combustion, Flame Length, Entrainment, NOx, Quarl

7l =449
dr  Fuel Nozzle Diameter [mm] d,  Oxidizer Nozzle Diameter [mm]
uy  Fuel Velocity {m/s} U,  Oxidizer Velocity [m/s]
hy Flame Height [mm] 8, Quarl Angle [°]
1. A &8 tg-& ol & (equivalence ratio)o A F
7194 2 ehdse] v s Vel
o Bo] AgAz 3 EHﬂ_ "Jﬁ:ii‘ A}-£-8} CHy + 20, = CO; + 2H,0
t 4495 (oxyfuel combustion)7]Ee] CHa + 2(02+3.76Nz) = COz + 2H20 + 7.52N;
sl A, AE&Hn dchl] #4292 &
HE AaFFHAM F7 Fo TE¢FE AL B 2k F AAhe AARZ s dLEE] FU}
gag 7198 AAT F 9v] gFo] ouxa ¥ ¥ ofle} wiriztx9 FHFH(volume)ol =
&ol AA FretAl €9 Al AAasl3, o]BHL 2 NOx AAlol dxdze
2 Bddo. =3 ojatsetA @ £=Z7)9 74
EAMgas radiation)® ZLA Z7+Et}[2]
= EVIAATY FAVIACI TR - 51 = "
L apaan i SAEERy E 18 AR A2 3% AaE AN

¥ AEHA, kyahn@kimm.rekr

o AAENL

L IR« Y

HHEbd Tt (3]



2283 KOSCO SYMPOSIUM =% (20049 #4) 119

1 379ae siaete y@

air—fuel oxyfuel W,
—1
Flammability Limit | 7-15 % 5-50 %
Laminar Burning |
Velocity [cm/s] 30 390 o
Adiabatic Flame . a0s i
Temperature [K] 2200 3050 J
Flue Gas Volume 35 i E
Foll A BubAly FAbaALE A HA 7Rl
Ae) & s HsERe] ) dEE R0
72 el B A 9 gy E&0) 4
A4 Aoz dzgct ojuidt FHEAE Htsh
s daVEe daE Axss 6lE
Fol| ojA7A 2§ LR Sty FHLdi
Sol ABHOR HEslolgkeh B Hiio|
AL A Z 72 %]

71&¢]

A " BAANE #ZFo] At 4]
sk W E ol A X (Kyoto Protocol, 1997)el ¢l
WA H o g ol stebA ol el e Az Wb
a9 dHolm ojet A Al olibsierA 34
1ol Aol Bolxm Qlud FAFA a4
S Bi7i7b oA FET SEAIVIH ol A
2 94 5% F Ay FES A dehis)

Aot AR L & ArAzIGA] ik
o] AA(3-5%)7F LEsH, SdadALA 89
257t FASA Frstrl dEel gl d e
% A9 #ko) NOx7F A slch webd Eaka
AxvlE dAske o el NOxE Agalviic
719 Nubol H4 el [4]

Boadgoaye £akA dAavie] Ay 7R«

]
& %&3dv] Yste] gl @At v gHAkEEY
. i

}‘1 L ] #
7hEA g R s BEAE AEEs 438 4
gt

oE/Abe Shustele] 4Yg f18 2UY e
HEg 1@ 190 el A8

+

- ol
o

=
}

1

~0
=

o gH(>99.9%) 2k AbskAlQl AbA 7h)
Almass flow controller; BROOKS){F
T 97 #%E 50 pms ol
< 30kWeolH, 10% tYata 271 4
ALAZT AAAFR Tt T AL BEEel 9
& NOx Wl&5A4E& dothr] 2

AbslAlel] 3%9 A4S Hrbskaddh

2
T

L

d
z
)
3
il
i,’ék

o

Z)
G

AH8
i

do
0(‘

ol

b
of uf

i3
o

Sampling
Probe
(]
]
Quartz E
Tube

p Gas Analyzer

Oxyfuel r

Burner

Fig. 1 dE&xe 4L

ALvle G FREFHUL] F2E ztn

-

Qed, hedz e 2 F92 s/
dx 2977t FHELIY 2) B @70
AR % A4S w39 43w ua
FTRES MHAA 2 S d9ch £ 2% o
209 AEA0 wE A7 L oo WE A
A% e,

#2 9 MEM E3Y ¥ w4=U

d; [mm] ur [m/s] d, [mm]
2.70 146 7.36
365 80 1%5427
421 60 16.8
516 ) 1208
7.29 20 17.89

Eodae Hquarls 9EHAZ F
ARy 2) dunH e

Quarl




R
3
o2
re
X
e
il

3t 2 ogld g el 2HE el
Abg sl globe] 947E de AFEE islH
&9 A TdEA §9e9 A 4RE 0
3.7, 1322 Az He #Heolyr 325mmo|
t},

MEhA o FuiTvie Y& ¥ ¢
3tod vyl 92 27 30cm, Aol 120cmel A
Fguartz wbe)d AT AEdae A4H
2] gabg & ¥y olve} FAPAEE vhEE

Hivb 2R «‘HW*& Ard E7REA 54
H(sampling probe)Z A
AXE ALE3ted NOx

(3NF/F. 3ND CiTiCel: City Technology) % CO
o] 3=E EFHSAT

¢kl dwsl vlhe} Zo] Abadh Al AslA F
o AL7 TEE AL wEFHE NOx 559
ofuf gt gag mA s Ui 4EE F3
g dExd 2 AgH =& AFE g7
516mm (u=40m-s), 10.8mm¢<! A$ 2 ArsiA ol
H2E 0-40%7tA EsAAPE A NOx 558

339t
| W& NOx 5%
3% Wt 23]

3 Azg Aoty Favt 2
1029 @uch ] e wel NOx7h ®lZEch
ol e Et 2o 3 257k Frehel 2

el #stA F7katzl o
_g’:o]x:]- [[}-E}-k} AP/\OiA 718 HAg 3t ol NOx
Azel g mel7t AFHYE verda Qo
ALEETL 20% ool AlE NOx#o] 1A 3
400
300
=
S
o0 b
>
o}
Z ]
100 -
0 | L 1
0 10 20 30 40

Nitrogen Concentration [%]

Fig. 3 M3HZE HE2 sxof o8 NOxzrel #Wat

A davloA dg 2 AsAe] f5S

9 Wsz was
At H5E B 204 AA
e thE zvle] w24 dAstua ks
F oot 29 38 d8 =29 AVE 1H

80mfs

@) u=

81m/is 172m/s 27.7mis 40 m/s

(b) u;= 40m/s

8.7 mis 20m/s 402m/s 59.6m/s

() yy= 20mJ/s

28.5m/s

10m/s
FESEZ w2 stga el wst

77.3 mis
Fig. 4



#2830 KOSCO SYMPOSIUM =53 20043

&AD 121

70
u,[m/s]
= —0— 146
£ 60 +- —e— 80
RN —0— 60
£
8 40 -
R
i
30
20 i 1 H 1 1 1 ]
0 10 20 30 40 5 60 70 8
Coflow Velocity u [m/s]
Fig. 5 5450 o2 3lgziolo Hs

Zl ZFERel A AbshA
SR WAAHS Y @
ool Aot % ok 9%

Tt F7t kel wet shedel 27
wak A& o AR

4"1@ Vsl A ghglo]

57F S7katd A sl og mhH Al Fich o
= §‘r°§’.—: I—I #az /lel olie] sl # 5
A Zho] ZFAste] vl (soot)o] HASEAl vl of
%O]EP.

Y 5t AR R FEF s Snel Wl

of m spEdolel WHIE el 1gfzelc)
oluf #dHoli: vHAASl g1l AAR AHeisle
th HE5 Srel Zvio wel sl d4a
sta, md pe AEA HRoAi dn &y}
7t st delrt gopxl Al Wk olis &
F5 57t bl w2k v 4R deiea
T3 HLxje] o) bEA & 9 7)Aol &
Sdlentrainment) ol #A A =14 (mixing)e] 9
gal 7] otk [7] wF o] Ay FEAE
1000
u,{rmvg]
800 |- e 40
E 600}
&
>
o) 400 +
Z
200 |-
O i L i 1 i L

0O 10 20 30 40 5 60 70
Coflow Velocity u, [m/s]

Fig. 6 #EHK5of ot NOx#el #H5t

g 2d¥goEN AAirEde
AeS HERIT
aH 62 A8 £571 40, 80m/sY 4 FE%F
H58% F7RAAZEA W7l NOx w59 ®
= b Adtelg. &5 &5t ¢E AY
| 7t7b% theke] NOx7b #AlshAl 5
2 Z7IA7]E 200ppm RE=2 AA 7
Rk o %-s%% &57F FhEsE
Pty 2ES By o) A
7rell 2f ) 5}0340}7} FA 0= e R
colA R xRt AFEA ®u
OxA A o] F718 oz 011’8*&]21‘4.
HA = o9} *“’PEMI vherg T o]
e ek BFE g A
= HEE °V&§¥‘%i9¥ Z71¢]
A7t 2 FAo) 3
Elé(momentum) Z}O] o] 915& S
o] WelAm, ol B%
A 1A fde BderE Holmyy] gio
2 ¥ 2l $H(in-furnace
recirculation)o] 23 b (2] AL d Lol M o]

He a7 7hsd RAe 599 Aol &

o)z

]
U
o
oX

H
<
<
[
(=]
5
2 &

2L
)
= b
k1
oM

.
M
d
oN

-
i o2
AN
L2

i 2
£

£ o,

fo

:%-‘?‘lmzzmiu"il‘? “

N

N

o

A

.

w

ok

%
[y
b

rR -t

B0

80my/s,

(@) u;=

No Quarl 0° 3° 7° 15°

(b} u,= 40m/s, u,=20m/s

No Quart  0° 3° 7° 15°

Fig. 7 #zkol g stdaate] vist



122 2881 KOSCO SYMPOSIUM =33 ( 2004 &4

WEoz nEdME SdLYPYel % Yot TFo| ABHAA Aot Folxi Row

A 97] wpiolth, @ sgdold Wl e A

Co®l ¥58 4% A3 =& 7% 100ppm deo] Z&e] W NOx §%¢ ¥HsE 19 8

otz etk wad BAels wEelx o etk dREES} 40, 80m/s F b

2780 29UGAE dolbd @E ReE B 4§ EF del glg W Bt} NOxFo| A F

F ook olde 4Y FHEREH #AE Ax7] MSHA Btk ol Ho| =F FudM ¥ 7)

A A NOxZ AZs: $HOR FEEEE AY 49 7] WEd 2 A AR 4

FANAE o) F4% PHYL FEY F 2 YHOoR Pastd FgLxe ol Fopx

. 7] gEolth AWH 4§ £z A27]oA
dol Agsn e, oEF PARE Wol

33 Ho| s NOx Azl o3 stk g vehin

FrAsT0N Be wE vz 9vee 45

4e BEstel stdo] w2 o dYHoz ¥

g 5 Q7 she 9Te @chie] ol B9 A

e 41z '6}}?4_ Axzlel g e GUE 4. 2 &

S Hoh A eda darle gEE ol

5ol Qed, B AFAAE Hol 39
2 NOx 44l vAE 4TL setsust g
29 4= 0 3, 5 1529 WAz 2zl
CERIRE LS

o.

2% 7S4S 2T 2F gL 0
vetln 9tk 05 Fe Aslns g

8 A}

AolAt Babo) BEED 3% ol Rl AL Bol

sgyvel §5¢ RasuA 457 A4 o
2ol f¥&E7 oA B3 GEd] BE
oz BT wad 0% 4 Aol SE 7

2ol TaPE gE FAG v Pgezel ua
2ALE o) AAsty] WRo] POzl Az

NOx [ppm}

NOx [ppm]

1200
900¢
or 451ppm (wio Quarl)
300 |
(a) u,=80mVs, u =17m/s
0 1 1
0 5 10
Quarl Angle ¢ [deg]
1200
=
00K o 538ppm (W/o Quarl) _ |
300
(b) u,=40mVs, u =20m's
0 1 1
0

5 10
Quarl Angle ¢ [deg.]

Fig. 8 3AzZtzofl o2 NOxZke| 35t

15

003MW "gh/&da UF Susgel 2g2

D & diod AstAlel sze] A4E A
NOxel Aol FAsA Z71siv),
#o| Fbol we dewst AA F

0 sl §5457 4SR5
o Aolt @olxm widdol Y& 34 HYoz
@atA gk o8k FAlol NOxo) A4 % &8
A S oe 2uAEd A wet sae
E7h 2487 ggolch

3 Ag AAs eold Noxdol Fhshed,
o Mol xE AR IFIAY FUL

7 Wl 2UAES AF7 A7) 1_01

2 dre AR Adez Fgste 2147
Z2EojAd(e] st A R A 7E A
o) Aoz FYHAFUG

H2uEH

[1] C. E. Baukal, "The John Zink Combustion
Handbook”, CRC Press, 2000.
[2] C. E. Baukal, "Industrial Burners Handbook”,



A28% KOSCO SYMPOSIUM =& 3 ( 20043 #7))

123

CRC Press, 2003..
(31 M. Ditaranto, “Challenges of Oxy-fuel
Combustion for COs-free Power Generation”,
NTNU CO:» Seminar, 2002.
(4] AH T, ol FFE, EF ol Ad, “uFEr A
S 9% FrlEe 2 gAFHANYT, 92
3] olgtglEls XY FH A rlE Workshop,
2004.
[5] E. Croiset and K. V. Thambimuthu, "Coul
Combustion with Flue Gas Recirculation for
CO; Recovery”, 4th Int. Conf on Greenhouse
Gas Control Tech., 1998.
[6] J. C. Sautet, M. Ditaranto, J. M. Samanicgo
and O. Charon, "Properties of Turbulence in
Natural Gas-Oxygen Diffusion Flames”, Int
Comm. Heat Mass Transfer, Vol. 26, No. 5,
1999.
{71 J. C. Sautet, L. Salentey and M. Ditaranto,
"Large-scale Turbulent Structures in
Non-premixed, Oxygen-Enriched Flames”, /nt.
Comm. Heat Mass Transfer, Vol. 28, No. 2,
2001.



