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A study on NOx formation for_double swirler combustor

DANG Xin-xian, ZHAO Jianxing, JIHong-hu

(Collegeof ~Energy and Power Engineering,
Nanjing University-of Aeronautics and-A stronautics,Nanjing 210016, China)

Abstract :~The influences of various fuel-air_ratio, inlet"temperature and geometric pa
rameters on two-phase‘\combustion integrated flow fields and pollutant NOx formation in a
model gas turbine combustor with-a-double swirler were investigated experimentally and nu-
merically. Particleimage velocimetry (PIV) technique was adopted to measure Profilesof ve-
locity vector of primary combustion zone in model combustor. Multiple-point probes were
used to measure radial distributionsof outlet temperature and NOx emisson. Fluent commer-
cial software was applied to Smulate three-dimensonal two-phase combustion flows and pol-
lutant NOx formation on unstructured grid system in the model combustor. The calculated
results were cons stent with the test data, showing that theinfluencesof different fuel-air ra
tio, inlet temperature and primary holes parameters on two-phase flow fields as well as pro-
files of outlet gas temperature and NOx are considerable. The outlet gas temperature and
NOx increase with fuel-air ratio and inlet temperature.

Key words: aerospace propulson system; numerical smulation; combustor; double
swirler ; combustion measurement ; pollutant formation

NOx

N Ox (3]

1 2007-02-12; 1 2007-07-20
(1974) ,



3 , ¢ 14.4 mm,

3 NOx 431
10.2 mm, 86
, mm, )
1 1 3 H 1 d)
b 7 1 1
[+8] 96 mm
' 2
NOx ,
T N Ox , PIV
1 S0
X GF4044
( 1) , -
NOX " ]
L 1 [7] .
3
3.1
: X GF-4044
T
NOx . PIV ,
’ (71
3.2
0.28 kg/ s, 300 K 500 K,
0.13 MPa; 0.015 18,0.019 75
0.026 33.
1 4
Fig.1 Experimental corfiguration of combustor 4.1
, Fluent6. 2
N Ox
: 1, , ¢ ,
14 4 mm, 86 80 ( 2).
mm, ? 2, 4.2



23

432
= et
2
Fg.2 PRictureof the combustor grid
, RN G ke
, swirl-dominated model 3 PIV ( 1)
) Fig.3 Velocity distributions of primary zone
,P1 by PIV measured (Primary hole 1)
, 0.04
’ NOX y
b
by S
9 s 0.06  0.08 . 0.10
4 ( 1)
Fig. 4 Velocity distributions of primary zone by
5 smulation(Primary hole 1)
Fluen T NOx f/ a
, . yl Yo
il yO
T NOX y , y
5.1 )
, 0.026 33
PIV , )
1 3 4 1
T NOx ,
3 4 PIV ) T , NOx
1 L
G , )
5.2 T NOx NOx
1 500K 1 5.3 N Ox
, 500 K,
0.026 33 ,

NOx . 5 6



NOx 433

0.8+

-8—0.01975(; |4%)
—a—0.01518G15%)

0.6

¥y,

0.4+

02}
——0.02633(1 5%)
—=—0.02633(:418)
0 1 | 1
1000 1200 1400 1600
T/K

5 ( 1)
Fig.5 Radial profiles of outlet temperature T
(Primary hole 1)

1.0

0.8+

0.6 -

¥,

0.4

02+
—a—().02633¢| 5) -8—0.01975(; | 575y
-m—(.02633(1:048) —a—0.0T5H8G | 5)
0 1 i 1
0 10 20 30 40
NO) ‘/ 10-¢

6 NOx ( 1)
Fig.6 Radia profilesof outlet NOx
(Primaryhole 1)

N Ox , 7
12 . ., 7 8 1
(z=23) N Ox
, 9 10
, 2(z=0) 3(z=23) NO«x
7 8 ,
. NOx
, ,NOx
., NOx
8 10 ,

NOx . 1 ,NOx

0.10
I Level 12 3 4 5 6 7

L Temperature/K 300 550 800 1050 1300 1550 1800

-0.05

i | - P 1 n
0 0.05 0.10 (HS (),2() 0.25
v/m

7 1 z=23 T
Fig.7 Tcontoursin Z=23 section of primary hole 1

NOx . 1 ,
2 N Ox ,
NOx , ; 3
N Ox
0.10
B Level 1IN2 3 4 5% 7 8 9 1011
INO /107 3 %6 9 12\5 18 21 2427 30 33
o005 |- : o
D= 7 y \
{
0 N
= oL p
~0.05F &
—l n 1 P J
0 0.05 010 15020 0.25
v/m
8 1 Z2=23 NOx

Fig.8 NOx contoursin Z=23 section of primary hole 1

0.101
B Level 1 234 5 6 7 891011
[ NO/I0® 3 6 9 12 15 18 21 2427 30 33
0.05F /7“"3:’ “d@m '\l‘

y/m

-0.05

P I WY 1Ly A 1 ]
0 0.05 0.10 0.15 0.20 0.25
v/m

9 2 z=0 NOx
Fig.9 NOx contoursin Z=0 section of primary hole 2

0.026 33
N Ox
0. 026 33 1
N Ox ,

11 12



23

NOx

434
0.10 1.0
- Level 1 2 3
[ NO/10¢ 3 6 9 ~ "
L 0.8
0.05 ;{f" 3 \J% #\.\/ﬁ‘.
.." ~ETEN $ : Y
e ik ,~/’_§Q&‘\ R 0.6
= oEslf F]'V;’F‘/‘:x/:-\\‘ =
TS b
I . \\::‘: 3;/ FAS 044
NP ,
-0.05 A\ __ a:\:aﬁj /4 —a—FRILIGHR)
L e T 0.2 ——u— FMRFLIGAR)
0 0.05 0.10 —eo— EMFL2015)
x/m —a—FMRFL3G )
1 | ik 1 1
10 3 z=23 NOx %10 20 30 40 50 60
Fig.10 NOx contoursin Z=23 section 0 Ao
of primary hole 3 12 NOx
Fig.12 Radia profilesof NOx with different
! 1 2 ! primary hole at combustor outlet
T ,NOx ; 1.0
1 3 i)
o8-
T NOX ]
0.6
T NOX >
044
1.0
021 —a— T=500K(i %)
0.8 ——m—- T=500K(j{18)
AV —e— T=300K(i1%)
—a—EPELIGIE) 0 L 1 1
06 4"—m— FHRFL1 (R R) 1000 1200 1400 1600 1800
2 —O- FMRFL2(155) T/K
= —a—EMRFLIG )
0.4 13 T
Fig.13 Radial distribution of temperature with different
02 inlet gas temperature at combustor outlet
0 1 | 1 1 1.0
800 1000 1200 1400 1600 1800
T/K n
0.8
11
Fig.11 Radia profiles of outlet temperature T 0.6
with different primary hole \::
04
5.4 NOx
02+ —8— T=500K(} |5%)
0.026 33, 1, ——=—-T=500K (%)
—e— T=300K(i15)
300 K 500 K 0 1 1 1 ! 1
0 10 20 30 40 50 60
N Ox 13 14 NO /10
NOx , , 14 NOx
500 K N Ox Fig.14 Radia distribution of NOx with different
. N Ox inlet gas temperature at combustor outlet



NOx 435

3
6

1) t

T , NOx
2) 1
NOX 1 1
, N Ox
3)
N Ox
[1] . [M]. : ,2002.
[2] , , )
[31. ,2007 ,22(1) :150-155.

YAN Yingwen, ZHAO Jianxing, ZHAN GJinzhou. Study
of sub-grid pollutant formation model in combustor [J].

[3]

[4]

[5]

[6]

[7]

Journal of Aerospace Power , 2007, 22(1) : 150-155.

) . [3].

,2005,11(1) :68-72.
YAN Yingwen, ZHAO Jianxing. Large eddy smulation
of pollutant performance in an afterburner [J]. Journal of
Combustion Science and Technology , 2005, 11 (1) : 68
72.
MehtaJ M, Shin H W, Wider D C. Mean velocity and
turbulent flow-field characteristicsins de an advanced conr
bustor swirl cup[ R]. AIAA-89-0215,1989.
Grinstein F F, Young T R, Li G. Computational and ex-
perimental analyssof theflow dynamicsin a multi-swirler
combustor[ R]. AIAA 2002-1006, 2002.
[3]. , 2004, 19(1) :

143-148.
YUAN Yixiang, LIN Yuzheng, LIU Gaoen. Study the
extenson of the triple-stage swirler combustor domes sta
bilization operationfid d [J].-Journal of Aerospace Power ,
2004, 19(1) :'143-148.

[D]. : ,2006.



