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micro-mixing combustor
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Abstract: Computational fluid dynamics-chemical reactor network (CFD-CRN) simulation is a suitable method
for predicting NOx emissions from gas turbines. A universal CRN automatic partitioning/solving program was
developed and then applied and verified on a natural gas micro-mixing combustor. Through analysis of flow and
combustion characteristics in the micro-mixing combustor based on CFD simulation, CRN partitioning criteria are
established: firstly, the air and fuel zones are extracted, then major zones along the axial direction are divided, and
further the zones are subdivided radially/circumferentially according to fuel-staging locations. The results indicate
that, the CRN automatic partitioning/solving program enhances generality by using an XML standardized
information interface and is suitable for complex combustor structures. The relative error between the predicted
and experimental NOy emissions under different operating conditions of the micro-mixing combustor is less than
11%, and the influence of CFD grid number on the NOy prediction by CRN is relatively small. The effect of fuel
distribution ratio on NOy emissions from micro-mixing combustor is analyzed, and a suitable adjustment range is
given. The proposed CRN automatic partitioning/solving algorithm has potential applications in predicting NOy
emissions from gas turbines.
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Fig.1 Schematic structure of the natural gas micro-mixing
combustor
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Tab.1 Main components of the fuel

3% CHa CzHs CO; N2 CcO
AR %/%  95.43 1.77 1.03 0.97 0.80
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Tab.2 Working conditions

L ERAEES pIMPa BAREIK  RENEEIK S5 R (kg 57Y)

—YUERREI(kg s ZURKIRRIKkg s =ZURERAR/ (kg s

1.0 0.597 742 283 1.388 6.730X103 9.520% 103 1.429X 102
1.0 0.312 745 283 0.666 3.430x103 4.850x103 7.330x103
0.8 0.624 712 283 1.610 8.930x103 8.820x 103 1.343X102
0.8 0.299 700 263 0.782 3570%10°3 5.040% 10 7.640%10°3
0.6 0.596 684 283 1.609 9.870%x103 0 2.077X102
0.6 0.311 683 283 0.767 4.870x103 0 1.032X 102
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Fig.2 Distributions of axial velocity in the micro tube outlet cross-section under different operating conditions
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Fig.3 Mass fraction distributions of CH4 in the micro tube outlet cross-section under different operating conditions
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Fig.4 Schematic diagram of combustion chamber division
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Tab.3 Critical temperatures for division of low-temperature
zone near the wall under different operating conditions

T4 Il PR FEAE/K
L1.0_p 0.597 1200
L0.8_p 0.624 1200
L0.6_p 0.596 1200
L1.0_p0.312 1350
L0.8_p0.299 1200
L0.6_p0.311 1150

SR B XHEN ORFF— Bk, (B4 TOUAE R
SR R R EE T AR X (X (12)) i, SR TA
(] Al S B . X 22 57 T ik 1 24
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Fig.5 Air flow distribution at micro-tubes, cooling holes and
mixing holes with different grid numbers
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Tab.4 Effect of CFD grid number on CRN prediction of
NOx emissions

NO, J5 34 f£/(mg m %)

W 4450 T \ .
CRN Tt {&. SEGAE
460 29.45 28.67
555 32.78 28.67
857 31.56 28.67
1100 32.34 28.67

2.4 CRN Y NOx HERUSR 2 7K E Tl 25 R

EFXTER 2 R 6 R LG, SR 2.2 HiHR
Xk %/ hriE, 18 CRN H 5h70 X /SR i FL A i)
FHRLE) CRN ARAY,  SKAFAF FI1) NOy HESCF 25
W 5. I 5 AfLLEH, CRN HA MK NO
JRERE SSI(EA L, REWTE 11%IKN, A
A LR 2] T4 NO [ HER T o

5 FEIRA NOTANME 55288 BT bt

Tab.5 Comparison between the predicted and experimental
NOx values under different operating conditions

NOy i B E/(mg m3) \
T FHXF R ZEI%
CRN Tl & SEH

L1.0_p 0.597 31.56 28.67 10.08
L0.8_p 0.624 46.39 4561 1.71
L0.6_p 0.596 161.76 162.31 0.34
L1.0_p0.312 75.41 7752 2.72
L0.8_p0.299 31.97 29.16 9.64
L0.6_p0.311 180.28 179.13 0.64
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FEIX NOx 2Bl i By 1 6 45 T ASE R 5t 7
) F BRI NOK 2B il 7 S HF B B 2R . A -,
BRI GG LT ERRBEIX A NOx AR &
SHECT 90% L . L0.8_p0.624 T if 5 1 2% 14k
FEIX ) NOx A= il 5 80% e 4, IRNES 1 4
PEE AR R =R 2 . fEr MR IR, 28 1
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Fig.6 The ratio of NOx production in the staged major flame
regions to the total emissions
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Fig.7 Variation of predicted NOx mass concentration with
proportion of first-stage fuel allocation
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Fig.8 Variations of predicted NOx mass concentration with

proportion of second-stage fuel allocation at different
first-stage fuel ratios
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ORL G U R, Lo BRI 24/ NOx HEBUE

FRICERS 2 BIREHL BTG . REAEAESS 1 ZU8kH Y
L K281 28% 0, T unfal 525 2 0kl o Fic
e, Az Bl NO Ji iR FE H B AR A R 7 — N = K
o 55 1 BIREL S ELAL T 15.8%~25.4%0, fEE—
FLFEPACHIERE 2 RS ELIX TE], Bl 27.6%~37.2%,
TE G X [A] A BE B4 RUZEHE NOK MIRHERBUK o X
DL SRR LLIX R, 28 1. 2. 3 S &
bt 4% 16 5 4 )4 0.413~0.664 . 0.518~0.699 .
0.465~0.704.

F 6 FREIZE 1 RURL G LT NOHIRMURE R E RIFE
41 mg/m® HEYEE 2 ekl S ECELGISE R
Tab.6 Ranges of second-stage fuel ratio to keep NOx
emission mass concentrations within the 41 mg/m? at
different first-stage fuel ratios

S JIRL i EL% 5 IR i E%
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15.8 27.6~38.5
19.0 24.6~38.6
22.2 22.0~38.4
25.4 22.0~37.2
28.0 26.6~30.0
28.6
=+ A
3% 1t

AR CRN  H 8 A B 106 R AR SR A
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