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Abstract: In order to study the effects of equivalence ratio, pilot fuel flowrate, and pressure on emission
characteristics of premixing fuel nozzle in gas turbine combustor, combustion experiment on emission of premix-
ing fuel nozzle were conducted at atmospheric pressure ,and an emission prediction model based on chemical reac-
tor networks was proposed. The experimental and numerical results indicated that the nozzle would meet the low
NO, emission standard at equivalence ratios from 0.35 to 0.5, but increasing pilot fuel flowrate would lead NO,
emission to increase. The increase of pressure have no effect on NO, emission of pure premixed combustion at ¢<

0.4, otherwise, NO, would rise with the increasing pressure. NO, emission of premixed combustion with pilot
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flame was sensitive to pressure change and would increase as pressure increased. The premixing fuel nozzle, the

mixing performance of which is insensitive to air velocity, which has strong fuel compatibility and a wide range of

equivalence ratio to meet emission limit, has the potential to be used in low emission combustors of gas turbines

after further development. The chemical reactor networks (CRN) model presented relies less on experience and

the emission prediction of which is in good agreement with the experimental data when the ratio of pilot fuel to to-

tal fuel is no greater than 0.17.
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1 35

IR FLGT R AR HLHE S 0 BR A H 4% A%, 45
il Bk b 5 T G HE IO Y T MR b S 1 B o BT,
IR R R M N . R
HUAY 2 BRI AR GB13223-2011 XK FH K 4R < 11
BRAHE WL E 1 20 E Ak W HE B (B R S0mg/m®, [ 7~
BRAFHLE AT T ALY AT LA bR . R
7 bR vE DB 12/ 810-2018 K5 BR < 48 ML &L 48 1k 9 HE ik
B (R 4 IR 22 30mg/m’, 3 X K 8K MR A58 LA HE il H2
ARARE T R A B PR PR A S AE R B
B[] B, W 1 PR A AL T S AT 25
B = SR AR ML & AT Ol T #k K, [) s Ay o 3 49K
SR MUARHE B AR LR T 3 .

¥R A LR AR W HE L, BN AR TR R
J& TR B OR (U ZEVREA ) (TR R B L LDI
(Lean direct injection) | 73 2% #& be . 1 fb KX 4% . RQL
(Rich—quench-lean) ZF ¢ AR . FT HUR R Be th T H R
P 34, 32 W i A > AR R RS LR 3 R
AR TE B TR AR bE T 5 T G 4 A i PR AL
BB 2 SOR G W S P S i (o) 3K G TR
N = B A =2 1) RN 1 W . 8 AN B
JEUORI AR B Ay A L Rk S s RIR B 3 8
XoF TR I8 W 1 T e W HE T R R [ SE AT T
TR AR e KR AR5 G 0 HE O B B R AR ML AR 7R R O
KT [m) 1 TR I RN R BE R o GE 2 W) 1980 4F
% T DLN-1"" Bk be £ AR DL & B Bk < e LIS G
HEBCZE SR . DLN-1 4% = o (18 80k DAE It 38 3 P 15§
S A M E JE RRY SHR AR BB IR AR
BB S 2 ARG o Nl R F R HLTG B
HE B 75 5K, GE A ] X HF & T DLN=-2.XX & 41" i
TRIRBEE AR, DLN-2.XX Z %1 00 IR W55 W DA JeE it i A b
Ui LA A A S5 3 T s e R ek e e I R I KR
4 AR BIR o VAT 2\ JF & /Y Hybrid #4
PR FE T A A U A A R AT I Rk, R
JE T T Ui A9 T 3 R AL IR A . =2 A AR R T A

Tl

At G ) RS R 22 i et R e B R e A R
FH i 3t A AE K R A s 1) 1 O O i s TR A, R A
e T 55 I T AR R A . BT R B
WA EIFZ I EV R Be g R FHE Y e i 45 #4 52 30
ARG 2= MBI IR T I0E R EROR
FE L SRR B LT T, GE A F AR PR Y LM2500+
LM6000 F1 LMS100 %5 2 51l il SR AR AL, SR 5§
W 235l 17 EL AT RE AL 45 K, B4R T Il XL T A
SRR S SRR G . B - BAFRIF A Tk RB211
AT Trent™ 7, 5% FH Bl 1) 43 2% (1) B B 2008 be == 45
A 52 B TR AR 66 1 B o ARG TR A AL TR
W 1) R BIE R RT N, IR R BRI B R R R £
JSUWEVE A M AE KR A i TR] 25 Oy XS BB R 4 s
7 N G N R R S S N B
b RAR AR A SR A R TP R T — 30 B
% PUTR M W , JHC R FH A2 B 22 () 7 3 96 f m i 42K kL A
ZRMBIR, R L SR A YA, SRR AL BT 1k HE
KA o R 20T W T R 1 R 1 e A e T 5
T, KR E B RS 2 SOR A 8 50 MR R ARTS Y
HEHOT T EAT R A 5 R BRI Mt S A i 3D
TAE EEERES RS B EE S, XHZmE
W R FH K AR A5 R 9 4 /0, TR I A S DA A 6 A
LA™ T3 T R 5 12 TR S AR T R SR AR B 9 U HE
ORI, DL R R AR IR e L 32 22 ARk S sk 1 L
R R AR SRR B AR HE BORR B R 1 T & R it
%%,

TOUTEE W% 6 V5 e 0 HE T il R A e 2 LU T Bk e
R, SRS Y B0y ks A 6 Ak 56 s R] RS S
Vet etk Jy AR B . R TS Y B Oy ik
AL 20 0 4 Ak S CFD B AR T VR Ak 2 R
78 W %% 35 (CRN, Chemical reactor networks) ¥ =
Fi e 23 0 200k 2 DL 50 B0 dle o0 Ll 45 5 4 96 o bt
ARAT I XoF B A [ B T, B R 4R 3 S Lefebvre I
P DLV R ORE IR 58 5 g T S T A T
PR & S| P/ B U I ol 1R )N QN A R AN G g
BEUR T oK B K, CFD 15 4 9 45 40030 30 30 wfE LA il A2 T



364 ot

/N 2020 4F

PR oK o CRN J5 vk 3 TR B8 Ui b 5 A, 38 2o 4 2 7
PO Ak 2 B OE I 4 AR TR 0T T b S o A M T
5 e W) 0 A B, O HL O ST R ) (5 BRI L 2
A5 PR 2R X e 0 AE LB 2 . CRN 7 ik 43 R 2
el B S B RO N T A U D T R 2
55 %1 4y PSR M PFR J2 1 X, 8 52 4% 2 I A5 20 X6F 7 (1)
SR M R AW TS . 5 2 202 DL Reac-
tion Design 23 7 () ENERGICO %k 14 g £t 2 9 5 v |
o A — MR, [ 2h R 4 = 4 3 O A e
JER D FR VA B I & ) B = R I DO VA N S Y g
PRS0 5 1 2805 178 I 4% 5 030k L
KR 2 G, (L i b Y A A B A R R
B THREZEZm., $2287058, /LA 3
SV AR R {EL S A A A R A AR ) 3 R
][] B 224 2 B0k A8 45 K i 20 B T IS i .
AR SO T RE BT A 2 R CRN P ik b i 58
12807 vk, T Rk o iy T 2k R 1) L Ml R 2 6 A
B AR 28 B S B0 TS e ) O RS A A Bl R
Xof i 6 45 SR 0 R RN Dy e 2 0 R B T el 4 it
5.

B TRUIR MR e B SR 25 R R LA 32 30 T R B 7
Fb IR A, 3 T B R o 2 Ak TR I I S B 5 0
B FESRA, KA UR SR BIRE A k
YA TR A B4 2 58008 N, DR I 00T % 5 1 i
PEREZEARHE O e = rp Bt PEAE T . X TR0k
RBERC UL, B MR AT UHLC IR 275 Y 4 42 o 1% 7 05, 1A
AR SCAUAR 58 T NO,FTCO PR 5 e o AR SCHE S 2
R S 417 R v A R I ) 45 R R
TFHLS R R g 88 TR AR ik I CFD
DR TR A W S R IR e ST Tk
4 BN w46 ASE TR O B AE TR AR T I S ALY
WS E A B3 T S B
BE AR L 11 K 50 R R AR 25 B O CRIN AR A 5300 g
Z AT T 1HE s AR 5 ) CRN A B F500 1 R o 65 Y
Yy R N R P RGBT S % . B4y
SE T T T e T Y W A R A T Y
FEGW IR e S AR AT R
2 BRI IE 575 iR
2.1 RIGE N
2.1.1  RAE B A

A3 50 f FH 1 0TS WS M 45 4 DL TR 1. TS S
F B IR AR BE T O AR RS Ak 5 4

B o TR A I A W AR 1 A 4 R R e AL L AR BE
e 1) o B R, AR TE R RHEE A2 1) b 350 4 A TR
A R DY kL 3 S O A P TR AR L 3 S A
o E W R I R AR AL TE XK 40% Ak I IR A
i) i %, FC R T % £ o 350, R HE T & M 0.54.
AR H AR 60mm , N AL 2 A TR A RL I I8 9 HO% R
A AN B A3 S EE 5 H O A s TV AR 10 A4
B 3mm (9 47 BORORE TS AL, B LA TR
M5 1 A0 72 K 215mm , PIAE D=120mm , 5 fhoe 498 il
() IR 38 38 B R S s OR A e . IRA
FVE i vt 38 A SR ET 5 b (R A | T O R R 1)
YA B A2 55 HE 5, TR B e TE 40 45 4 T 2 2% S0k
[28-30].

Fig.1 Premixing fuel nozzle
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Fig.3 Schematic diagram of experiment setup
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Fig. 4 Velocity contour at different air inlet velocity
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Fig. 11 Pilot fuel flowrate influence on emission
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Fig. 12 Effect of pressure on premixed flame NO,_emission
with pilot flame based on CRN model
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