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Numerical analysis of combustion perfor mance.in an annular combustor
with two-stage swirler

L 1 Jing-hua, ZHAOJianxing

(College of Energy and Power Engineering; Nanjing U niversity of
Aerenautics.and Astronautics;-Nanjing 210016°, China)

Abstract” In\an arbitrary-curvilinear-coordinate-system ,a multidimensonal empirical a
nalys s methodology was developed to-calculate-the combustion performance of an annular
combustor ,which consists of the-dump-diffuser ,two-stage flame tube and cooling passages.
The RN G k€ turbulent model wasalso modified ,for enabling correct calculations of three-di-
mensiona and two-phase turbulent reactive flows under a non-staggered grid system. Soray
combustion-was dmulated through EBU-Arrhenius turbulent combustion model ,sx-flux ra
diation model"and particle trajectory model. And numerical analyss was conducted for the
effects of the geometry of swirlerson entire combustor flow fields and combustion perform-
ances. Predictions and measurements were in satisfactory agreement ,and it was shown that
numerical procedures are fairly reasonable and reliable for estimating the combustion per-
formances of annular combustors.

Key words: aerospace propulsion system; annular combustor; RN G k€ turbulent mod-
el ; flame tube; swirler; combustion performance
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Fig.2 Grid of two-stage swirler
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Fig.3 Velocity vector at section K=39 (swirler 1)
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5 K=53 ( 2)
Fig.5 Temperature contours at section K=53 (swirler 2)
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Fig.7 Exit temperature radial profiles(swirler 1)

0.40

0.39F

0.38}
——o— ik RNG i iies |
037 F—<—13GH RNG i ifi88%-2

E —o— UMM A% 1
= 0361
0.351
0.34 <
033 , , d
1000 1200 1400 1600 1800 2000
T/K
8
Fig.8 Exit temperature radia profiles
9 10 1 2, K=
UHC
9, 2 ,
(
‘ oS
[
@
sz 1
\\N,.uﬂ_
9 K=39 UHC ( 1)

Fig.9 UHC contours at section K=39 (swirler 1)

39

10



1238 22
1 ) 2 ’
\ [ 13 Ne )
P ) * ’
ey 2 0. 99
& i 1.00
10 K=39 UHC ( 2) 0.99
Fig.10 UHC contours at section K=39 (swirler 2) 0.98
0.97
11 12 CO NOx 0.96 —e— i 2% 1
, , = 005k —— iR 2
co NOXx : 0941
, ,CO  NOx i
092
2 L
091
1 ] ] 0.90 1 1 1 1
0 005 0.10, 0.15 020 025
2.00 x/m
|.75u 13 n
1.50K —— AR Fig.13 _Axial profiles of combustion eficiencyn
1oxh —e—Riias 2
o 12
14 19 2 2
= 100}
= ; 14 K =39
().7° ¢ , 15
0.50} 16
0.25F (PIV) , ,
1 1
0005 70107 0.5 020 025 PIV -
x/m
11 CO 18 CO
Fig.11 Axia profilesof CO concentration , 19

. —o—ilifias |
——inifias 2

NOx/(g/kg)
&

1 1
Oy 005 010 015 020 025

x/m

12 NOx
Fig.12 Axial profilesof NOx concentration

100m/s

14 K=39
FHg.14 Velocity vector at section K=239



1239

1.0
09
0.8
0.7 ——3L1
0.6}
0.5
0.4
03
0.2
0.1

et
TN
¥y,

~

-

R
SANSYY

'
'

s ¥ !
eI K

At e

1 1 L

0
500 750 1000 1250 1500 1750
TIK

18
Fig.18 Exit temperature radia profiles
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