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Abstract: The flow field, fuel-air mixing, and behaviors of turbulent flames have been investigated using the large
eddy simulation (LES) numerical technique in a premixed swirl combustor equipped with EV double cone burners.
Recirculation zones are generated by the swirl burner, and lean premixed flames are formed within a distance of 0.2 m
from the tip of the burner. NOx emission of 0.46 ppm is predicted at 1 atm and an air/fuel ratio of 38.7. However,
most of the CO generated in a flame front continues to be oxidized as it moves toward the exit, and CO emission of
5.45 ppm is predicted at the exit. The NOx emission can be reduced by decreasing the pressure and air/fuel ratio. The
characteristics of NOx emission have been investigated through RANS simulations for various fuel injection types, and
it is found thereby that five-lance-hole injection produces the lowest NOx emission rate.
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Table 1 Operating conditions of the test cases

Air | Fuel | Air | Fuel | Air | Fuel
Mass flow | <37 16.0112(0.501|0.01290.501 | 0.0129
[kg/s]
Equivalence| - 0 0.44 0.44
ratio
A/F ratio 475 387 387
Temperature| s/ | 57 | 384 | 27 | 384 | 27
[C]
Pressure 1 1 12.4
[atm]

(a) Combustor (b) Burner

Fig. 1 3D geometries of a combustor and a burner

PN
d 2, 95 4
AS 7Pkt
ol z7] 2702 A
=g s b= U A R l U] AlzFsted
ST7HA fsol g W k] Wb s A
A ARrol gtk iAol AR ARl HIHEA
AHunstructured grid)°]™, <F 2,300,0007H¢] AAE A}
S8tk Az WS $lske] CFD-GEOM 213
0% Argagion, dx A4S 98] FVM(Finite
Volume Method) 7|9Fe] tl5Ea] &4} iy 221
2% CFD-ACE'"E solver® AFE-3}IT}
3. 21t 3 2o
H| 47.52] LES oA Zxnt &4
171%, %@H] 475 72 LES A= vy}
A&7 WH-9] & 545 AT

311 = EM M

[=]
o T1o

Figure 2°] (a)oll 47 UF &S UER I,



106 1A - o]

ofy
)
3
o
T

WelocityMagnitude - m's 2
a. T h
°838833

Secondary
recirculation
zone

(a) Velocity-vector field

60 oo instantaneows axial velocity att=0.04sec
= = —time-averaged axial velocity 1
p— 3
w40 ;
= ).i \
=20 R
& e \s
3 0 i \|,—[.. |
2 PR i
o 2 i i
% ,-"’ b
=40 e : i
% H
<% 60 i iF
Flow direction *
80 | <
<
100
2.5 2 -1.5 -1 0.3 0 0.5

Axial position, Z [m]

(b) Axial velocities along the center line
of a burner

Fig. 2 Mean and instantaneous axial velocities in a
burner

of

271 UE FAS ok S4%
219} 0.08 sec &< A7 HF
= (b)ol YEFH ST Double cone?] air slit2
i 2 s Hy dFo Agk ~
S o 4 %A, ol2HH WY o
=7 °F 04 m7HA A3 Ajeg goo
el A3 oAM= F wrgkoly WA
Weko 2 &% Wizo] A YEtew g
g Wit ZolE 0.6 m JFFoRE FelE ).
Tl Y & 33 Ao Uy Ale] o
Aol 2z} A= Jgo] AP H = AoE e
Wb A3 E(swirl number)® 5 HS WY =
T AR FWeg FHoR U o= v
o] A3} o] ey}

LN
p

==
2
4

B o 4

—

burner

Fig. 3 Time-averaged temperature field in a combustor

T - degK >
T g
B @ 2 O N OB @

8888888

00€

Flow direction

(b) Instantaneous CH4 mass fractions

Fig. 4 Temperatures and CHs mass fractions at
several cross-sections in a flow direction

AEs e 292 A4S d¥E Al
el w&ow FEss FPe molw, thE
ApE HAgos Hasn F7E AstE 3
e nor

2x 2 siHelx
Figure 3¢l ¢147] W9 A
YeRAt o]l25E 32
] MY W5E7HA] dakelA] e AS o 5 dth
o &3t sFAelA skl A= 3
9 W(iso-surface) 0.2 &S} E Ao HE
8 < (progress variable) aLo =
st oz 7HEGlan, ANEA
gl A, A 7=0~0.2
e Ao ® WaE)

HYe E7245E 04 m ¥°
714 7hxef md Thne] B e BExE IS

=

7oA LEREE
4

tlo 1 olo

5 2

4 b

N g o
rg
lo
A
offt



GE-0.2sec 0.044ppm  0.043ppm

it
0.041ppm O |

0.041ppm  0.036ppm

o

o |
L= G A A

(b) CO

Fig. 5 Instantaneous fields of NOx and CO
emissions at several times

GE-0.2sec

.....

§ 3 g § é g8
(a) Temperatures

0.359 |

— e S
T-0.2sec
0.358 L ‘ l
SE-0.2sec _ *
w @R >
Eq_Fn
T o c = o =
E' RoBRida

(b) Equivalent ratio

Fig. 6 Instantaneous fields of Temperature and
Equivalent ratio at several times

SERY EF BFUde et Aow v

o} ol Fig. 49 UEhd, £ dawge] me

Az F RS BREE BEE FAA )
(e}

3.1.3 BiZ|7IA HlE EN
LES A4l A NOx$ CO9l B WHAHS 4

ArEA B FXH A7 107

20
— AF=475,1atm
----- ATF=387,1atm
40 | e AT=387,124 am Ha
=== l
=20
=
=
5
‘B 20
=
(¥
2 40
-1
2 60
=
<50 | Flow direction
€
100

=23 -2 -1.3 -1 0.5 o 0.5
Axtial position, Z [m]
Fig. 7 Axial velocities in a burner for several
operating conditions

371 flallA= frsol 2~33] dAv] &7 wh
Ap7tes 3538 2 ARFESE w77 s RS
gGatalep gk ARk oleet S ALt
A= AEs] B Agto] AQEHEBR oE
alste] 2 AFAAE A7 WF fs X1E
ko m 37 fxE AAste] s XA
o W77t FEE AT MY RS
B 05 1 m % A&7 ZFoA NOxe Ccog =
T, g4 25 9 PG GEuE ALke A9E

Figs. 5, 6° e

Axt Z71el= st oA A NOox7F =+
MR debA] ol ETollA NOx H%7F w5
vkokom oF 0.08 sec A7 ¥ 0.045 ppm GOl
g3tk o] AlHol, NOx #H& dAi7] E12
A&st= T w5 s A §lSlth Noxe}
SA A v G =T
2 AYses Fek gRE asEe sRvr 34
Hoom, g?oﬂﬁ °F 245

o
2
=)
fol
_\'-;l
il
4T |
_I>'
ol
ol
i
jg
Ko}
)
O
iAcs
> =2
_*_
_1
N
X

sedrh. ma, %E—ﬂ,ﬁﬂr%— N
7 orE, 171949 124719 %

321 75 §4 &4

BE A Aol A Wy S A Aled
go] WAS oz YEIon, 11 o= 1
Y E725H 0.5 m Welely, Fig. 7914 H%
2wt tha Zelzt vk Wy o] Fe] o



108 ol A -

1400

1200 l

100¢
oo 1
800

650

Fig. 8 Temperature fields for several operating

conditions

1800

1600 |Frnnnmnnnnm mme——— e,

Temperature| K|
= I
[=1 (=] [=1
(=1 [=] (=]

]
=
(=]

o
=
=]

Flow direction

N

e
=
(=]

05 -03 -01 01 03
Axtial position, Z [m]
Fig. 9 Time-averaged temperature along the centerline

of a combustor for several operating conditions

22 UR FES B9 94 2 9 3EB(heat
=
=

=
release rate)®] oz F7le| g} thE

‘O }\é%

Holu, WY o 5L o wEk =A
GEpx) A ekdr) ole} e Az wFo] B
WHE o5 3] e A 9A e o
2 Hlth wEhA slde] My o] EA|HA
%S AT =% 54 dF5 A sheekgs aelst
2 Gygs ou 9= 2YE IS F USs A
ot}

322 R Bx

7} dlA 26 e 2=y =3 3 A
£ Fig. 89 Yetlleon, dx7] Wy FA4ES o
g SAHY 2EEEE Fig. 9o JEHAL. w4
H] 47.591 749 3L 1450 K, 3994 387
ol Z9-+= 1600 KO.2 A=t =3+ 314 9
s A 0590 FAZ s o,

| A5 5 o] v

A | skl A4
t}. Fig. 8o YEld =7+ 3tge] dAow
8] 47.5014 9] 8td e FAV 7 FA

do 4 4
to T %2

0.03ppm

0.05ppm

0.04ppm

Fig. 10 Instantaneous fields of NOx emission for
several operating conditions

A/F 47.5 A'F 38.7 AF 38.7

co

8000
8000
7000
G000
50004
40004
30004
20004
1000

Fig. 11 Instantaneous fields of CO emission for several
operating conditions

& Atk FANTE BT E FERHTE SobH
nw gtgdol FAAAE Aow dodn. w4
g a<dn] 38700 tial b =3e 2eEfste] A
Mg A, ghEe] wste 89 2k 79 9
F& MAA B Aow et

323 NOx ¥ CO 2
z}

2 A 20 wE Nox WEFel ud 4y
2 TYe A17H0.08 sec)dll A1) =7F NOx X5
Fig. 100 YEFUATE 7|FRT 2 FA¥<
47.59] 7% NOx %7} 0.03~0.04 ppm o2 1) $-
SA dErs e, Fddt tE oA Fd]
38.721 7% 0.59~1.14 ppm B=°] NOx TS



Table 2 Test cases with design modifications of
the burner

case 1

© Original hole
#1 #32

© Addedhole

000000 ::::0 000000 O ® Pluggedhole

baseline design

case 2

#1 jjs 134 #jz
©.::1:::. 0000000000000000000 0 ==+ 00

8 holes added between the 16™ and the
24" hole

case 3

#ilj #3 #32
00000 © 00000 0 «rrunie © 0 06000

8 holes closed from the 1st to the 8th
hole

case 4

# #H #23.24 #32
. N34 y
000 00 0 O rrerrer © 0®® 0 0 0000 0O

4 holes closed from the 1st to the 4th
hole + the 23™ and the 24™ hole closed

case 5

3 holes added for lance injection (3 %
of fuel amount)

case 6

5 holes added for lance injection (5 %

of fuel amount)
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