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merical simulation results of CFD has great advantage in fast and accurate prediction of NOx
emissions for combustor. In this work, the characteristic distributions of flow and tempera-
ture fields in a lean premixed combustor were simulated using CFD method. The combustor
was separated in several regions, including preheating region, flame front region, flame
transition region, post flame region, central recirculation region and corner recirculation re-
gion, based on the fuel-air blending characteristics, velocity field, temperature field, OH
distribution, and Damkohler number. A complex CRN model was established to characterize
the flow characteristics and flame structure inside the combustion chamber. The preliminary
verification of CRN model was performed with experimental data of lean premixed burner.
The effects of several crucial parameters, including the residence time and the flue gas recir-
culation ratio, on NOx emission were analyzed through sensitivity and uncertainty analysis.
The CFD-CRN hybrid method can quickly and effectively predict the NOx production of the
lean premixed combustor under high equivalence conditions. The residence time disturbances
of preheating zone and the flame front zone have more significant effects on emissions and
stability of NOx prediction of CRN models under the same disturbance intensity. The flue
gas recirculation ratio of CFD-CRN method should be accurately calculated under high adia-

batic flame temperature, which has significant effect on NOx formation.

Key words: lean premixed combustor chamber; chemical reactor network model;

NOx emissions; uncertainty analysis; sensitivity analysis

ER R LN T EENEE - |
N ) Y E ALK AR LR 22 R ) 3 T Y 2 ORI e
FiAR LSBT 58 4 254 T AR NOx ¥5 e D1 HET
MR R BEBR AP B2 3 BR b R
J7 IR 2 1 T 5 NOx 3101 1 748 o B K 9k
i . ARHEBOUHAR NOx — B R SR e =
BT B0 B bR . 52 R b A AR B T B B 4%
PET B NOx B i 35 0 1123 A J2 4 e 498 b == 1k 1T
AL T JE Y R AR

H Al AR AR A 8 =5 5 e A HEJisORe 1 1 38
WA DURN K 5 B 5 L 2 B0 4 50 B R CFD %X
(ELASHOLR 31 55 3304k 8 7 244k 2 TN #5465 A5 A
(CED-CRN) 5 3EM o 3 56 W 9% R 4468 36 - 28 06 A
T I A7 AE 28 M RGE R i R BR M . 32 AT AR AL
HY CFD J7 1 A B % i i 55 008 2 i 72 b NOx
A R P S B 3 5T B N 5 T A A T 40 s 0L WL B
NOx A il X7 2 H KM H % IR . CFD-CRN
TR 7 WAL TR A 2 %8 NOx HE 7 i i 0 9 &2
FLARBL A - O T 5 i ) A0 IR I F CFD Jr i
@iz FHTEAN L 27 0 LB BE 4% 5 480 NOx A Bl 1
BT RN R L 48 s NOx A= B 56 5 8% 42 AL 5
QS NOx HE e i) e 1 70 I 58 0% Pl o AF 5% A%
S ZE X NOx HEBUREE 1 7

B Py b2 2 5 F anfif iz il CFD-CRN Jy 2 4

SR X S T T R T K IS i
T CRN BEH 5 3 A H il F R % £ KA RS
KN DRI R o0 A ofE DL Je CRIN B2 78 G B 2 5001
VST 5 T AT T ST

Bk SBIR BB GE 51E NOx HEak B 3%
S, dn Ay 4k #CRN SR /9 38 3 A F 30 R
CFD-CRN F:d L4t £ . Novosselov 2
X AR HE R SR & iz [ CFD-CRN ik # 5 1
A5 31 A A 1 5 4% CRN BLRL, Fi) H = I F-
TSR] 2 5 L Bl A 1R UL 6 1 1%/ 25 48
RA SV iz 8 A5 1) Ak Fe W AL B F 0 1 AN ()
M A& E R B NOx HEjit. Park %517 F) A
JE AR RN R 8 T R R R R R 4y S FE KK
EHEKCIA L I 0 X LA R Je kA A KO, J#E o T
CRN /L, b8 T s A DL A B/ = B
SR ST NOx HERCHY 22 57 45 R £ W] - i 3
A B R R 2B R 518 NOx HEE AR, 5
IR Z ) 22 7K, Lee R CO MR
G3 A U BRE 43 A DA S BE Ay A o g s T aE T
B FR K B BE KK 1 5 Fp CRN BEARL, Fb 4%
TR Z A ) 22 5. (H CRN &I g7 sh A 10 34
REMN AR IR/ S BIRA B S)E,

BEXF T AR 2 3 KA XU X 43 - Novossel-
ov ZR Lee 581 F H e K CO W BE 1 2026 5§



2110 w3 ¥

LRI

H LR R AR B % L7 09 3 22 KO X 38 Park 2607
I T 85 R e AR 30 2 B A SR iff o T 2 M X
S fH AR 25 H AR AR b o 5 0 R AR DR IR
JEIX[RIAE 1900~2000 K P B #R B X I A 32 KA
K. A/ Je A s AR SR E SCTR B R
1800 K1y IX Iy #A b 2 i il T 44 DX sl 219 3
it 1800 K i, ik B T % #4011 NOx 9 A= il =
FERTE A hE Al

FE AN [R) 1) 25 () R0 B i) RUBE | Ak 2 I 5 i3 O
TS AF e SR S A HLAE A U T NOx A2 i £k
2 J2 IV T2 A 2 ) RURE 348 J2 1R i 3 B ) R
JEFE ] %F CFD-CRN #8878 [X 3 R 43 A7 56 22 1) 5
M, Drennan %" iz i CFD-CRN Jy &% 43k be
F X I iE 3R R 8 (Da) /N T 1 R AR E
KIGIRBE X R, X1 3] F D A7 4R S5 38 ] Da /)
F 1 RAE b= Ll £ 2 KIEX IR, 2 Da K
T 1 RAERABE = T il Ja M X8, 1 Novosselov
N Park 585 /] BT SURRBE S T liE i R 0 A 1)
(R DX 38 R S ke DX A 25 0 0 Ak 2 g i i
T Z A BAE A .

R T W IR A R Bk NOx 5
AR I R I ML AR A R A A H K
YEEAT T CFD BB AL AR A % =5 4 1B 1R LA
R s 57 T CRN BB, 5T AN TREA S
TH A 77 V5 B 58 S0 A 22 [ B 8 S 4 T DX g B
IF[E], G S By 1 0 s 2 i — P 58 3% . Tn-
nocenti % Fi| il it 21 fE | o BE 5 AR A 43 AR
AR R B E IR T H 8 CED-CRN £ 41,
LR ERRLF 7 A B3RS T 4 CRN XY
15 B8 I} 18] 43 A1

A fe] 85 8080 o R e s ) DX I 4 S A X 2
(] A G K 2 ME A B S T 2 0 R o
55 LR A5 B8 BT R) RTH A0 L A 5 X B A 2
B4 e 2 T CFD-CRN 7 3 4k 14 1 B
Hi, HA AR Z CED-CRN J7 ik 5E v R =
DX SR o AR A SR 3 1 22 S o X 25 A DX R A
Ko AR AW bR . R FEXT CFD £ {E 5%
P28 AT IS AL BEET , CRN DX 38 R 43 19 6 o A B2
KA S HOT I W & BN B3 80 CRN #
T 2R 8 R 0 O S 2 B0 S i s PR AR AR R
A NOx HE R 5 25 19 F 2k 0. B N AMER
Hr 6 TR CRN AU 5 A G B 2 805 ) NOx
HE B HI 0 A 8 AT D . Toni 487 3
FHEBE 2 IR I i 5 FRAE i 57 CRN A 00 1
PRBE 1 NOx HEBURR M » 1F— 25 PR A% T 3 & 43 il

Fofil % CRN B A 2 803 NOx AR i SOk
PRt 458 CRIN B 2 5000 AN 7 M % NOx HE
T B 52 ) PR CFD-CRN YR 4 J7 v Mo M
e M EEZAKYE . X CFD-CRN IR & 7 ik ik
115835 R A LA BT CRN X 38 %] 43 4% U L 2H 2 4%
F R DG S B0 CRN BRI FLIN NOx A B 1) 52
M) B B S A AR AR MU B E B EF R
PR RO T B

AR SCIE 2 X R e 4T CFD (B A, Xf 3
MR EG SRR R, & T HA R A
L2589 7 ) CRN KA, ifF — 25 58 36 MR =5 2
fi1] DX 3 2 #CK 43 i) CED-CRN 5 325 47 o B8
T PR BB %% NOx HE il (1 52 56 % 4 ¢
BT WA UE, FT CRN #R, %t < 1l 3 ke
5 B8 B [B) 147 T BEURRM: 2 Br FNAS T 2 1 43 AT F
FE . 34 CRN BRI SGHE 2 K00t NOx HE B0 1
S FLAE
1 HRIRIFE
1.1 SLORE

ST Bk CRN (A B4 7 36 19 A &k . &5
TR TWOR BEBE a8 76 A 7] 24 5= LU 478 T 9 NOx

ARSCHEEE TN 1 IR R T R 8
PR AL B 2R G TOUTES JE 9L W A A O B
B DR B R G A, SR TN 1 TR LR
FI CHEMKIN-Pro H i) £k 2% A5 - i 45 20 3 54 [+
M &R A 4 4 k8 IR B (adiabatic flame
temperature, iC K To) o 73 4h2 SRBRE) 6 1 B2
Y1k 288 K, ARy tR I Y 4 A5 o 3L AR R I
i i Aalborg J i B T i #8 B4R I A 9
IS RN 1%, SLI R Aalborg
Fit i TR R IR 2E R —2. 500, S
K FH AR A7 22 3% ) 3 B2 KL F 43 #1 AX (phase Doppler
particle analyzer, PDPA) f 1% ) 3R (532/561/553
nm) 55 A e 5 P 4 U 1 R A 45 4 DA R B
Gy AT R I B R — 220~ 330 m/s , ) i ORg BE
h A1 %0 A A SR I 1) 7R R OR 5 pem R AR 1Y
PERETOER . RbeE ) 1A B KV AR IR L
FH Testo 350 HH 43 BT AL 1) HE Ak 27 % B3 o 4 <
0, .CONO Fl NO, AR 53 #4753 #r . O, W
KB 0. 2%, CONO Fl NO, A1 i Il 585 B
h 5% S2 86 I FT X Testo350 M 40 B A itk
Tt A HE MR NO 2y 2X10°,NO, 2
107°,CO K 2X10°,N, fE KM,



5 10 31

B PRSI BUR ISR & L L

i 190 245 B TR0 S % S Wl R P 0 A 2111

Testo3 5044 =4 HHY
—
HHECHRE e/

Hli
I

=
=
T D

Il
~I -

|
|
I
: At
|
|

\\\\\ v
=
: Las]
I° ?

PDPA 45t R 55

JEL AR

1 SE6 e R B A (AL mm)

Fig.1 Schematic of experimental device (unit;mm)

F1 AMBREETLEYHERITREG
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in lean premixed combustor
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Fig. 2 Structure diagram of a lean premixed burner
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Table 2 Descriptive table of one-sample statistics
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Fig. 14  Effect of overall flue gas reflux ratio on NOx
formation in CRN2 model (zo, = 15%)
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