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NOx Formation Characteristics of Fuel Staged Gas Turbine Combustor
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Electric Power System Laboratory, Institute for Advanced Engineering
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weTog BNl S0 RSUSII BUSA BASIAC BSIIUe A2 U Nox Y
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o/gsiol, 2t EERA0l KU ABYO| HAJ|Y HAABY, Nox WY =Y Y SsEzf
DiAle S ASsIACL E3 Wx NUS AN DIIEAE AISSHs FROI BARIA Nox
WOl O[AIE YEF EAIstol, JHAEY AAI|MA0 U JRNZE MBHSAC
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HYuSol= & WA ABE(I Ack. IS0, FE J2EY AFOHLYS A AFIIHEA,
Bel 92t 3l M=okt CEO Nox of Y2 HIASAUE Mtz Jlsol S U
11 250M= Nox MJIES dLoidXet dyshl o, & % SIIEAM BIl/dE
cietgdao Rojds Yy so| 2Ack

Fletcher 2} Heywood[2] &= SEYE7|, H31 REYEI| 2YS 0/83i0 JIAEE A
tiel No HERYE HESIU20, CIRFI7 HUP A HEH FPE Aelstas & UA|
SIUCE Mellor(3] & EHS7|RUE 0|88 JiAEY SAL)| siMYHS 2t v, H=E
Yot 2o], gHEI(=Hol No YYoi=ol P REUE HO{FUCL Rizk 2} MongialdlEs 25/
3dt AadiHol MEE HLZIE WSIIRYRM HAMIIHNM, JIZof Ntel Nox Fyof stefet
SHASO ofsf u[2, EASHACL BozzaB(512 JAEY HAAIUYS| ASHUSS(ARY|, AR/
371 gl A H2TIU ARAILS)0l JtoEY g3t Nox Hdo OiXls JYS HEHUS
o, 252 dxinds ©HSII2YEAN ARl

2 d7E gMe A7 80| AM=siQHY HEIIRYE 0|88t Tt HAV(el AL, Nox
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g2to| Yotz 24T W SATHS S KSUSIIZM MMBiYC L WU
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Aok Egt UIAD[TH2Z NMEYEE REYS 2827 37| BAY, B2 U 1xds
ol da2=aM BHElE HEH JRAAUE Soio FoiAAch 2 HMYYE olSsto,
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Fig.1 General Reactive Flow Pattern in Gas Turbine Combustor
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Fig.2 Reactor Model of Gas Turbine Combustor
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el A==, £ rSUiuiel JINYSI MY cke JHAsto, YEIIE Xz RYUIEZ H
#{8t4 QICI[6]. Rosenthal® AMHFac710f W2, FAA7| 2fo(d T+HS B EAlslE 2XS
71 H=o] o3 obv|sl= MRS UEN =20,

me/ms=05sin8{ Teni/Tp)* (1)

ol m, m & M, 2REA ZIHAE, Tuw X T £ 28HL PHf BASlE Y32
o 13} SAaPo R of0jstof, 8 & TV BARZERA 2 ARoAME 90° 2 I
82 A7oA MY JAEY HAT|E Lycoming & AHE HAJIGIZA, 2t tS7tY AHFH
Bxol 7iuiE2 13 ot

E1. 97 Nz 9 ZojuE

Reaction Zone Reactor Volume{ cc ) | Percentage of Split Air
Swirler 42.5 ’ 8 x
Primary & 155.0 10 x
Recirculation
Secondary 241.0 10 x
Dilution 241.0 72 %

(Note) 1. Total air flow rate : 70 g/sec at 10 atm, 283°C
2. Combustor diameter : 70 mm
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UM 2-1HoM HZE HaTPerd UIEI|sHR MHIA(C)] HAMSI Nox MAUSE
SHIBICIS 7HARRICE Ao RYUSIE MAEIIAL 42 dE)l ae ARYSH H40]|S
e HYUAPIL 2271 1200C & RAALS UK, JEEHY Hug B L& 82
B2 AZ0AME 1.6 grsec 0[Ch,
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CH4+202z—2H20+C0;z (2)

—Et——=-6.7x1012[CH4]°’2[02]1‘3exp(-48.4/RT) , (mole/cm’-sec). (3)

4(2), ()8 H27], 1XdL W AT BSI(of XSeol AojA =etstHol izt i
AR asict &, 271U PolMe] Hz/3o1e] SE(AZIIZ=)IL 0.5 2F 1.6 ALOjofA]
at gt20| Yootz JHSIACHS].
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AINOL 57104 N2 021 B exp(-56URT) , (wole/cu™~sec) . (5)
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Fig.3 2 Mzi7ie} 1xleiA peioz viEsE ¢HR9 ulE A2 AR No MY H3E
HSo{Fa Act o[m NO level 2 15x AAJ|ECQ| ZHOlCh Fig.3 OlA Ep QURo0|, 1RHAPY
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Fraction of Split Fuel Equivalence Ratio of Reactor Recycle to .
- Primary Flow
Swirler(Fsw) |Primary(Fpr)| Swirler Primary ' |Secondary Ratio
0.3 0.0 0.9700 0.0957 1,1359 0.2294
0.1 1.0616 0.3475 1.1354 0.2300
0.2 1.0720 0.6180 0.8978 0.1982
0.3 1,.1557 0.8686 0.8961 0.1987
0.4 1,2403 1.1194 0.8954 0.1992
0.5 1.3255 1.3704 0.8950 0.1996
0.4 0.0 1.3728 0.3468 1.1349 0.2300
0.1 1.4172 0.6176 0.8975 0.1982
0.2 1.5006 0.8683 0.8958 0.1987
0.3 1.5849 1,1192 0.8952 0.1992
0.4 1.8513 1.7515 1.4074 0.3466
0.5 1.9704 1.9704 1.4074 0.3451
200
~ 1 ! 1) No comburtide 1) Combustion o of 1) o cemburiigrs ot
: ot pre the combuskar tenee ol the esmijustion
S0 E VEE | B e 2 T e
1 ®
>
Q [l
- .0
100+ "
K] 2
(2
£ §
O 50- e
o \_
z L ’
0 T T
.00 0.10

9 v
Primary fuel

oo oo | odo 050
split fraction(Fpr)

Fig.3 Effects of Fuel Split Ratio on NO Level

Primary fuel split fraction

Fig.4 Combustion Mode vs. NO Formation
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Fig.5 Temperature Distribution in Combustor Fig.6 NO Reaction Rate in Combustor
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Fig.7 Effect of Steam Injection on NO Level
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