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Abstract: The flow and combustion characteristics in a premixed swirl combustor with a double cone burner
are numerically analyzed to adopt a swirler model. The internal recirculation zone formed at the burner exit
can be realized by a swirler with inner and outer diameters of 56 and 152 mm, respectively, and
accordingly, the flow rate and radial velocity were determined. To select the tangential velocity, swirl and
recirculation angles are introduced. A tangential velocity of 40 m/s produces an internal recirculation zone
similar to that in a combustor. At the liner exit, the errors in temperature and velocity are 2.8% and 0%,
respectively, and they are negligibly small. However, NOx emissions are underestimated by 67% in the
numerical results obtained using the swirler model. Although considerable quantitative errors are induced by
the swirler model, it can be useful numerical model for the EV burner because it can approximately simulate
the essential flow and combustion characteristics in a premixed swirl combustor with a double cone burner
and it is expected to make combustion analysis efficient in a gas turbine combustor with complex geometries.
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R 1A S Table 1 Regulat(ilc))n of NOx emission standard
N - A B (Korea)
T =
' 121 up to 09.12.31 from 10.01.01
t o AR i
P effective installed | installed | installed | installed
Ui DS =
_ dates before after before before
U X WEF S
N _ . 01.06.30 | 01.07.01 | 01.06.30 | 01.06.30
w : UZ'T Ho]_ﬁo]:(z HOLﬁo]:) —i\—E Gas
L= = . 150
z F0FE A Turbine a3 | 00 | 10003 | s001s)
Gy ¢ EeEA O ppm | ppm | ppm
U AT standard ppm and and and
o o and
p CRER Cozncemra_ bel below | below | below
.o elow
[ "A tion (%)
w, o BEE
sh& &t U 3¢ HHAA S 7l EH7] 918! double cone
, T Wabe Agael, sl A4 JololA Awne
; J e vy Wyl & WA f5S Wl HY AL o
k kWA shehE AetH, Aot 99 e A=l Hd &7
718 dgddowm 53 whgs HIATE 54
2 73 Qeh?
Single EV HlU & o8] 7] Fol dav|E A
LM E v wdg hauue] 49 Ad Aa Axg
o WE A Ao we AzrE, T A
AA7rss A AstEs 87 FAE wEA | AT e el B Aa, gad
e aael e caw Ol EATE G1E A AG Al
§ T T wEE AR SR TEY g puze @ golgn nFee way w
o sle ARtk AWAAR FEae Ae < .
. Ho =, lumped el 3Het REEg7] HESA
7l w77k Bl How T JH . ®
i} o (chemical reactor network)” o] A= AT
He olsteag WEaT ool e R
o . olgd WRE A&t M E Y HUE
= Qe tErel A4 AFsHE (NOx)ol EAshH, s o 5 o=
€ destd mdE diAsks Ajle] Zes

= B3d ~u AL H] o] Lo = o
ol He 2m, AbgH| Y fele] HE Ao N

T
=
THE = swirler Z2S FHE}

S2vete] HAa AbstE Al A 7
Toll WA= sk Aol A vt 2014744 A
o FFEoR kol AFS FHsa U
Table 19 200510 ©]% 7|A|AEE AL 7}
2HHlo] H&5E ALAEE wE FAXE U
ERH SR 2. X oA diH

7hERL B oHY 5 giEEe] A8 Aa)dl
sut o) T Ao Hgo] B AREL 2.1 Xef I
om ) guitdor o e moEg = AgellM e dE WA, 2 WA, o
3o vE A dolrt Fa PHIH|E xHs uA WA sheks A, Gt Ae &
F geonz we sews FAske] Nox % ol T W et ALY

o] gl
CO Wl&A 4 (Emission index)& =& F+ Utk
FHe A Jg©

2 AF¢] dl’+l EV(Environmental Vortex) W !



2

) 3)

“)

yel g

rlot
et
rg o o
il
o
okl il
al
fo
o
N
1o

M
>
of {1, o
z 42 |0 o2
Ll o

ek & 8 el
(reaction progress variable)
RESFEESDE
& (mixture fraction)ol] ¥+
kit 8tek whgol
A8 B e R U3
el robabilit ensit
}¥)  PDF(Probability Density
7} PDF& WFe] 3

o 4

(Y

W ol o X,

)

-|~
oo

=
— o
O
o
;
™o ol
24y

My :‘Oé TR
_}l_‘ o
1'{11 F}O{‘ —E‘

=
&
ol

N
©

>
tio
O

kil
g o

fol
o

o% oo o o mr N &

ox i ol ol

5
=2

o &
Function)& ©]-&-3}
#k2 FAk(variance)©ll

A 45E

[\
‘

2
o

HEHCH)S 8=
2 veke] 19 I3
S Agsrieh Y 19 >

Al BAE7] 918l AREE 7| Hohes o
o] SAES AAAH LR Fotst|
AbgET B AP E swirler R2E FHIL

o 23t My A% 2o #gk A+ 163
Table 2 Reaction-rate constants
sp | A1 DB
A n [kmol/ | [kmol/ | a, b
(K] 3 3
m’] m’]
1.86x10"* | 0 | 24,154 | CH,4 0, 1
A2 cAZol9 AE4e 2 AL BHo
2 37] Wil wed whg mue Ausigc.
=, b A gwirler P2 M2 EHAHQA A
o2 b 5 glow, swider Rlo] A871e
b olF Al sehug maS Hgate A
= 7bFed Aolrh ket wkgEE A (6l 93]
ALt AREE A ghS Table 29 WERUIGL
=
w :AT”EXD(— Ea )[A]”[B]b (6)
k RT
Thermal NOx©= &7] %9 AL AEo] dih F
Astele] wARE Ao tgl Pe wa
Zeldovich "AYEE F3le] A H "
N + O = NO + N 7
N + 0, = NO (@) ®)
NO¢ Z§ NO WA Q% I WAL T
3 A e Aol FEe] gl 7Hg st
FAYZ ANl HFseit webd Ak A 4

F=5E thermal NOO| TAES 5o Ao
las e as

_ zk[NQ][O]E{%}

=

Prompt NO¢| A4 WAUFS &34 d59
shetibg- "AAetA Ads o] lHh Prompt NO
o MAUSS Aved, gsises &
A dEe] AaWNy)eh ukgsle] of
(CN)oJ L} AIQFSHFA(HCN)E A A7) AL, Al

d[NO]
dt

€

spart thE BeEe] Adurgel Brhs ol
NOE A A7t}
CH + N, = HCN + N (10)
N + 0, = NO + O (11)
HCN + OH = CN + HO0 (12
CN + 0, = NO + CO (13)
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Fig. 1 Three dimensional geometries and computational
grids of EV burner
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Fig. 2 Mean axial-velocity field in a combustor
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Fig. 3 Axial velocities along the center line of a
combustor



(a) Temperature (b) NOx concentration

Fig. 4 Mean temperature & NOx fields in a
combustor
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(b)  Velocity magnitude

(a) Swirler model . .
in a swirler

Fig. 5 Geometry and velocity magnitude field in a
swirler
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(a) Swirl angle (b) Recirculation angle

Fig. 7 Axial-velocity fields and swirl & recirculation
angles

Fig. 8 Axial velocities in a combustor with an
EV burner and with swirler model adopted
as a function of tangential velocity, V¢
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Table 3 Calculated swirl number, swirl angle, and
recirculation angle for several tangential
velocities

Tangential
[m/s]

20 | 40 | 60 | 80

velocity

Full
burner

Swirl number 0.78 04 | 08 | 1.2 | 1.6

Switl 60 | 71 | 64 | 56 | 51
angle [°]

Recirculation
angle [°] 62 78 62 58 52

gl Jdo] 272l 56 mmE swirlerd WO =
3}tk Double cones Ht) A7 176 mm, H4
134 mmz °o]|Fo]x A= ElYI} FA}e A
a5t swirler®] €172 double cones U
o7 7HE 5ol sigete #7490 152 mmE A

o % N oy 2
N[O o ol F-W

gskl.
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N W S swirlerd] W94 *}01 el
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3.2.1 M 3| Zf(swirl angle)

WY el A Fgde g sw1r1~ A
S oF7lstal Y= liner WY FES Ao
itk o]F uigew EV HY ETola A

swirlZ} liner ¥ 72 & Z}S swirl angleZ 4
ot (Fig. 7(a) 1) A4 Wk &k wWsld
w2 A 3] (swirl number)'”2} 41 3] ZH(swirl angle)
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% W frael va HH T Smoh UF
= A swirl ZA&=7F ofst 22 3

22 7
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Boj,
S swirl 257 FEsHA &
Fol F7tete] Aedk doe] ARV E
of A FAEE 545 Helth

322 M=
HY ZF-oll Al A E swirlo]

2+Z(recirculation angle)
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Table 4 Specified parameters for swirler model "y
Diameters :DE
of swirler V., V., V, T 0‘;; )
[mm] [m/s] | [m/s] | [m/s] | [K] 1
Di D,
56 152 61 25 40 640
(a) Va [m/s] () T [K] ) NOx [ppml]
Fote] FAHE deATens Awd 49 Fig. 9 Axial velocity, temperature, and NOx fields
EAS FE3 A EtE R o]E WS st calculated without swirler model
A G Av)oh FezfE FofH= A
3

=32} (recirculation angle)= F7F4 o2 =93}
ThFig. 7(b) ). & AAbsA Ags 5 =
ol EV My A Sl as

sholth WY E725E Z= 500 mmell ZA A
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t}. Swirler E&lo o] HAM W £x po WA Fig. 10 Axial velocity, temperature, and NOx fields
sto] W2 A3)5el A7 2 A532HS Fig 8 calculated with swirl model adopted
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Fig. 12 Axial profiles of area-averaged & center
line probe NOx concentration
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Table 5 Numerical results at the liner exit from
EV burner and swirler-model calculations
Axial Temperature NOx
velocity [K] [ppm]
[m/s] PP
oy 43.7 1640 03
urner
Swirler
42.5 1639.5 0.1
model

B¥Z Fig 12¢] JERISITE NOxo w3
gkel A% vy &7 29 Aed FelA
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