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Abstract: Diffuser, outer case and exit dimensiom kept the same with single annular

combustor (SAC) and dual annular combustor (DAC), redesigned the combustor from a

single annular structure into twin annular premixing swirler (TAPS) combustor in central

classified. Taking the same physical models (including the turbulence, radiation, spray

and emission model), three-dimensional reaction flow simulation in TAPS combustor, SAC

and DAC were developed in the fluent code. The total-pressure recovery coefficient, com-

bustion efficiency, temperature distribution of the combustor exit and NO,/CO emission

profiles were calculated. Finally, the capability of TAPS combustor, SAC and DAC were

campared. The results show that, by using the TAPS combustor, the total-pressure recov-

ery coefficient, combustion efficiency was improved compared with the SAC and DAC, the

temperature distribution coefficient of the combustor exit and NO, emission is lower than

SAC and DAC. So the conclusion could be drawed that the technical advantages of TAPS
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combustor is obvious, and the TAPS combustor is a good high temperature rise and low e-

mission combustor.

twin annular premixing swirler (TAPS);

single annular combustor (SAC); dual annular combustor (DAC) ;

central classified combustor; combustor-design
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Table 4 Total-pressure recovery coefficient
of design state
1 2
I" Y TAPS 0.984 0.956 0.983  0.983
A=z A=z SAC 0.985 0.928 0.982  0.983
4 DAC

DAC 0.979  0.949 0.982 0.982

Fig.4 DAC structure and grid
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20 s 64 , 166
;s DAC 30 , 87 ,
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s 2 3
EE/MPa
2 l 3.34
3.04
Table 2 Inlet boundary 275
245
2.16
/ / 1.87
(kg/s) K /% /% 1.57
1.28
TAPS 3.125 862 10 10 9.85
6.91
SAC 3.125 862 10 10 3.97
1.04
DAC 2.083 862 10 10
S E/MPa
334
3 3.04
2475
Table 3  Outlet boundary 545
2.16
/ / 1/ 2/ 1.87
1.57
(kg/s)  (kg/s)  (kg/s)  (kg/s) 1.28 YT_’
9.85 Xy
TAPS 0.156 2.732 0.094 0.14 6.91
397
SAC 0.156  2.732  0.094 0.14 1.04 (6) DAC
DAC 0.104 1. 821 0.156 5 3

Fig. 5 Total pressure distribution of design state
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Fig. 6 Combustion efficiency of design state
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Table 5 Combustion efficiency of design state

TAPS 0. 986 986

SAC 0.995

DAC 0. 989

, TAPS

SAC DAC 3 ;g-iﬂ” 01 K
2.53
2.35
2.26
2.17
2.08
1.99
1.80
L.71
1.62
1.53
1.26
0.98

2.3
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0.583
0.531
0.375
0.322
0.270
0.114

SIR10PK
2.53
235
2.26
2.17
2.08
1.99
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1.53
1.26
0.98

0.739
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0.322
0.270
0.114

(b) SAC
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Fig. 8 Temperature distribution of TAPS combustor
8 3 CO
6 3 Table 8 CO emission of slow train state
Table 6 OTDF of three combustors
CO/(g/kg)
TAPS 34.03
TAPS 0.134 0.133 SAC 29.77
SAC 0.262 DAC 8. 49

DAC 0.157 0.251

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1686 27
COMN072 9 3 NO,
10.60 .. .
9.50 Table 9 NOx emission of design state
8.44
7.39 NO,/(g/kg)
6.33 TAPS 51.45
5.26
422 SAC 91. 06
317
2.11 DAC 85.72
1.06
0
NO /107
8.58
CO/10> 323
loe 7
’ 6.56
B4 6.06
7.39 5.05
a5 454
5.26 4.04
422 303
3.17 2.02
211 1.01
1.06
0
NO /10
8.58
8.08
Co/1072 7.57
10.60 7.07
9.50 6.56
8.44 6.06
7.39 5.05
633 4.54
5.26 4.04
4.22 3.03
3407 2.02
2.11 1.01
1.06
0 () DAC NO /107
8.58
10 3 CO 8.08
Fig. 10  CO distribution of slow train state ;[5];
6.56
8 , TAPS 6.06
5.05
CO SAC DAC s 454
TAPS 4.04
3.03
’ 2.02
X 1.01
TAPS CO SAC s 1 3 NO.
10 CO Fig. 11 NO; distribution of design state
7 s
TAPS , CO , 9 : , TAPS
;  SAC  DAC . NO, SAC 43.5%, DAC
CcO 40%.
2.5.2 NO, :NO,
. TAP
.TAPS .SAC.DAC S NO, ’
NO, 9 11 ’



(5]

the flow field in an annular gas turbine combustor[ R].

ATAA-1993-2074.,1993.

8 . 1687
,NO, SAC DAC L1l 12008,23(6) :986-995.
ZHAOQO Jianxing. Pollutant emission and development of
' low-emission combustion technology for civil aero engine
NO, [J]. Journal of Aerospace Power,2008,23(6) :986-995. (in
1 NO, 7 Chinese)
s TAPS , NO, [ 6] Hukam C,Mogia H C. Aero-hermal design and analysis of
s s gas turbine combustion systems: current status and future
; SAC , NO, direction[R]. ATAA-1998-3982,1998.
[ 7] Rizk N K,Mongia H C. Three-dimensional emission mod-
eling for diffusion flame, rich/lean, and lean gas turbine
: TAPS NO, combustors[ R]. ATAA-1993-2338,1993.
’ [8] . TAPS
s . [J]. ,2010(1) :8-10.
NO, TAPS LI Jie. Analysis of fuel nozzle configuration characteristic
, CAEP/6 of TAPS combustor [ ] ]. Aeronautical Manufacturing
Technology,2010(1) :8-10. (in Chinese)
3 [9] ,
[Jl. ,2010(14) . 40-43.
TAPS . SAC . DAC 3 LIANG Chunhua,SHANG Shoutang. Advanced low emis-
. TAPS sion combustor technologies for large commercial aircraft
. SAC.DAC ; engine[ ] ]. Aeronautical Manufacturing Technology, 2010,
(14) :40-43. (in Chinese)
SAC,DAC [10] ’ ’
»CO SAC, DAC ; . ,2008(2) ; 17-21.
, NO, SAC,DAC LI Feng,SUN Baigang. PENG Langging. et al. Design and
(SAC) . capability analysis of dual annular combustor[J]. Aeronau-
(DAC) , TAPS tical Science and Technology,2008(2) :17-21. (in Chinese)
[11] , s .
’ (7. ,2008,23(1) ;145-149.
> ’ LI Feng, SHANG Shoutang, CHENG Ming., et al. Re-
NO, TAPS search on the feasibility of displacing the single annular
. CAEP/6 R combustor with a dual annular combustor[ J]. Journal of
TAPS Aerospace Power,2008,23(1) ;145-149.
(12] [D].
,20009.
. SONG Bo. Parametric modeling and numerical analysis of
) aero-engine combustor [ D]. Beijing: Beijing University of
[1] Turner M G, Ryder R, Norris A, et al. High fidelity 3D Aeronautics and Astronautics,2009. (in Chinese)
turbofan engine simulation with emphasis on turbo- [13] s s s
manchinery combustor coupling [ R]. AIAA-2002-3769, Jl. ,2010,25(6) :1251-1257.
2002. LIU Dianchun, DONG Yuxi, SHANG Shoutang,et al. Nu-
[2] ZelinaJ,Cardena M, Tomondi C,et al. Low-emissions gas merical simulation of the flow field in a single annular con-
turbine combustor development using sector and full annu- centric staged combustor[ J]. Journal of Aerospace Power,
lar rigs R]. ATAA-1998-3528.,1998. 2010,25(6):1251-1257. (in Chinese)
[ 3] Fuller E J,Smith C E. CFD analysis of a research gas tur- [14] [D].
bine combustor primary zone[ R]. ATAA-1994-2768.1994. ,2010.
[4] Cline M C.Deur J] M, Micklow G J.et al. Computation of ZHANG Shanshan. Optimization design of twin annular

premixing swirler combustor[ D]. Beijing: Beijing Universi-

ty of Aeronautics and Astronautics,2010. (in Chinese)



