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Low pollution combustor design and emission performance prediction

based on stratified and staged combustion mechanism
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Abstract:—The dimension of diffuser, maximum diameter of outer casing and dimension
of combustor exit were kept the same, and the combustor was designed as single annular
combustor ( SAC), dual annular combustor ( DAC), twin annular premixing swirler
(TAPS) combustor, center staged combustor (CSC) and triple-swirler combustor (TSC).
The mathematical models (including the turbulence, spray, combustion, radiation and emis-
sion) were kept the same, and three-dimensional numerical simulation of five different com-
bustors were developed to compare and study the pollution emission performance of five dif-
ferent combustors. The results show that, the CO emission value of the staged DAC in idle
operation is the lowest, and the CO emission value of DAC is 62% lower than that of SAC.
NOx emission value of the stratified TAPS combustor in design state is the lowest, and the

NOx emission value of TAPS combustor is 43. 5% lower than that of SAC.

Key words: stratified combustor; staged combustor; low pollution combustor;

combustor design; combustor performance prediction
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Fig. 6 TSC structure and grid

T AL SAC B3R 20 A3k, 43 ) 64 A4
TR BRI BCH S 166 75 DAC #3030 43k
L g 87 MARFL, B A E H S 173 T s TAPS
B 20 BB LA 91 AMAFR, B KR A H Ky
240 J7;CSC # 3tk 20 A~k H. 43 A 91 AR FL,
M EREH N 240 775 TSC #itH 20 A3k, 43
B 84 AR, B RS Kl Ry 230 U7,

1.2.2 R FMEHRE

TESEAT I A4 F % E B . SAC. DAC, TAPS,
CSC 1 TSC % 5 Fh ke 28 45 1y R AT T AH W] 9 A
1300 5 25 F0 0 B3 2% 2 O AR Sl ) B 12
R I R AR, 2% R ) R B AR R AR
AL R AR E R 1 Rk 2 PR,

F1 STBBEENOBFEMN
Table 1 Inlet boundary condition of five

kinds of combustor

MpEE SdkmE/ O RE/ O\ RS At/
2 (kg/s) K MPa (kg/s)
SAC 3.125 862 3738 0.073
DAC 2.083 862 3. 38 0.049
TAPS 3,425 862 3. 38 0.073
CSsC 3.125 862 3. 38 0.073
TSC 3.125 862 3. 38 0.073

R2 STREEHOBFEG
Table 2 Outlet boundary condition of five

kinds of combustor

MbeE AAERWR/ JUEFDAE NER LW NI 2

Byl (kg/s) & /(kg/s) &/(kg/s) #/(kg/s)
SAC 0. 156 2.732 0.094 0. 14
DAC 0.104 1. 821 0. 156 0. 156
TAPS 0. 156 2.732 0. 094 0. 14
CSC 0. 156 2.732 0. 094 0. 14
TSC 0. 156 2.732 0. 094 0. 14
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Table 3 CO emission value of exit in idle operation
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Fig:7 Distribution of CO mass fraction of exit in idle operation
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Table 4 NOx emission value of exit at design state

e E ARl NOx HEjif i/ (g/kg)
SAC 91. 06
DAC 85.72
TAPS 51.45
CSC 134. 00
TSC 80. 42

M4 KR8 dal L& B, 7R R IHIR A,
TAPS B9 NOx HE it & & &, H K & TSC #i

DAC. & TAPS i) NOx HEjir & H SAC &K T
43.5% , R 43 PR B2 19 DAC Je TSC R T
4095, N T HEAE WA IR TAPS BYRBEHLEE, K] 9
gyt T TAPS {H BESL N e it - (5 JE 9 AN i &
WK E T 11 T 2k

M9 Ha] LLE B, 78 TAPS w3 ol i X
F9 S 3 2 A PR PN e I B AR i BIE R O e Ui
AL BETEAE BESL N e it S0 W] B 7E 5 B AR B WL &
B B0 5 F2 SR GE T — ¥ 3 T 1A R 3E IXC, o — 3
53 V)50 2 A A BE G A1 T8 U 1 S 5 7 R IX e, =
G T I A B AT SO i R AR R T M Y
I IZEER T T i B ¢ flame-within flame 7 H)
MURE KA G5 GZ IG5 Mongia 55 1Y BIF 58 45 2R
—H0). TAPS IF J& 38 1 % K 4 4548 43 J2 10 AS J2 Xt
ORI RN 25 SCHEAT ) PR Y 43 G0k ZH LR B L DA T
Wh gtk T NOx HEC S 18 42 R 28 09 20 il 48 ok iy



5 12 W 2 BESE ET O R AN R HL IR A RIS YR ZE BT R HE R BE A 2799

NOX i it 405
0.00832

0.00640
0.00448
0.00256
0.00064

(d) CSC

(e) TSC

8 IR 1 NOx Jit & 20 504 A
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Table S5 Outlet temperature distribution

of five kinds of combustor

PR = 2 OTDF RTDF
SAC 0.214 0. 156
DAC 0. 157 0.118
TAPS 0. 140 0.116
CSC 0.138 0. 092
TSC 0.162 0.106
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