2024 4E 3 A it
a5 H3W

AR

JOURNAL OF PROPULSION TECHNOLOGY

Mar. 2024
Vol.45 No.3

4

H
ke

AL BSCRARIL 25 o B8 B 53 it

IR, e

~¢

FpHEAe

AL S BRI

F O, BET, RAE

(1. VI TV KRR s S5RETRERe, B P42 710072;
2. WE AR s DU AT, I BRI 4120025
3. PEMLA L & s AUFSE BT, 07 TRBH 110015)

o OE. ARE S B R H R TURIKEE T A 50%~100% B AT T OLTE B 49 NO, A= CO HE 2k 2 i = B2 A7
B, AXEBHRATRHSBAHARR TN, #ta &, 3 0B E T A 26 st rid ¥k £ NO,
FeCOHMM HrmMAE., EREW: TERHROBFTE, 50%~60% H 47 T3 COHEK TR & M R ik
RHBARAE; ZAERM BB E, 50%~100% AT T ILTEE A NO, Fo CO HE AL 2 3 i 2 £, <2510,
SeoS50%107° (@ 15% 0,) #93kacAcf, H70% TR ITIF £AEH ZBRA R T L&, A Ak o

JE A AR ST F, AR BB 2 NO, A= CO B AR 49 R

(BIARMA M ETAREE EMARTAREZI)

pilot

CRZH G, ENO HARFTLE# TR K FRH fo0p " BKN EERARE L BT FAE LAY
R AL 5SS TURMEL T NO, A= CO A3 2 B ATAT AR ALK b HE & K
KB ALBURAL; B RS TSR KT R BH SR

pilot ?

FESZES. V2312 XHEtERIRAD: A
DOI: 10.13675/j.cnki. tjjs. 2208023

1 3l

VE Ry fe e i i 48 ) 3 8 i 2s & shALAR 5 19 1
FE T b A2 TF b 1T BR S AR ALY & R, TR I A R b T AR
SR ALK ZAKRFEAL 2 K sh AL K BE BBL 3E 17 I % 1%
TS TR E LN AT Y )2 KT Y HE
XoF N e R R R B 05 A K A A A ER R
T E TR I LTS Y HE RO T IR
A B TS e HE O . B AT DA R SRS AR
T AR A ML 8 B 5K 509% ~100% 2 fif T 00078 Bl 9 NO,
1 CO HE R 8 B L £, <25%107°, £,,<50x 107, K
FEML 25 K S AL Ry BT, 545 KR AR BL A | A0
Bt N RS T & T 28 KRR HLIR TS YL
Brbe s i an % IR B - BT 4 W RB21L A AR 1 T
RS EE LR BE 27 O MT30 #A S48 ML b 2 A J% 36
] 3 HL A2 7] LM6000 fifg sl e HL gk e =),
N e T2 AT R AT TR R R B R (SRR A T
SARHERUR B AR . TR SR be £ AR ) & B R

T

* TR EHED: 2022-08-09; 1EITHHEA: 2022-11-24,
E£WH:
EEE N
BIESE:
5| A

2208023.

XEHS: 1001-4055 (2024) 03-2208023-10

B 25 SR A A0 IR R PR XY i H e AR AR
SE 3 B P LA JR) s il 2 NO AT CO HERORR #E
BROBL/ZS SR A 3 40 PR BTk T 2% 100 IR W iR
TEU IR b X2 B A R o 4 AT 3E A R R oy )
PR R S PN A AR 2 AL R SR HILEE SR R
BEor 9 R < 55 [ E A AL A2 A Y LM6000 #4 be == 4%
B3R 15 GAHER , LU AL 50%~100% T30 59 fir A T
B 25 NO T CO H i 2 HE LR 5 v [ A & 22 B
5 wE A ROT10 BR A MUK FH B BHAZ 1] 43 G R
JF 38 28 I R £ A b DXOBR BE I it LU 1 DA 2 N O, HE i
FRfE s B R RE 23 G R 2 Bk e AR FE T A Y
WS NO, M COIRHERR i e B AR . H TR R
G TE 32 B AR P AR BRORL O GOBUR & PR R O G T
1]« TR g 55176 AS [ RRBE 43 G0 5 26 T R R R M IE AT
TS, 45 AR WA [RRRE 5 9 L 496 NO, A= 1
oA Tl <~ N i I LA LR Iy SZ B W 1 B
TR IE DL R SR S ARG Al i) R ) 23 SR 4%
NO, HERCRE Y, K B 32108 DT B R 45 B3 I ) 42 o1 2 R

[ ZAHEE KL (2017-11-0006-0031; 2017-1[-0002-0026) .

IMYZE, A, B 3 BRI TS PR B BRI AT .

REA, W, O, RSO KPR 55 E . E-mail: jqsuo@nwpu.edu.cn

IMAZE, TETLAE, SRIAE, 45 . ATHURHLE R B IUR ARG B IR SIS [ ], EEROR , 2024, 45(3)
(SUN F J, PAN J H, GUO L H, et al. Experimental study on fuel-staging in a lean premixed combustor

with multi—points injection for aeroderivative gas turbine[J]. Journal of Propulsion Technology, 2024, 45(3): 2208023.)

2208023-1



WasE 3

AL R 2 15 55 % TR AR o 5 KR 23 90 S SR T 5

2024 4F

FH il g 8K o B 1 NO, HE IR & . Tk 253l
1o VA HE R A 1) 3 BE EL B, SEEE T 809%~100% T4,
T NO, I CO(@ 15% O,) HER IR F 25%107°, MRFEE
PUWF ST A R R, e IR R BB RL R R R
JE 1 49 7 3, BRBE R AN NO_ HE B 96 L 48 AR 2
SR o X R R AR IR o 2 2 B 2 P OB A3 B L
116 15 G HE O RLAT 3RS

P U BT 0 A T TR] S BRI T 0 AR BR B A ]
T8 NO, FCO R HE B, M T BR HLER Be == 5 R TR R
SRR T 2o (ELAE PR R B T i B A HE ik A i 4
T, 2 B R 5w R o GO S AT gD DL
BRI R 22 40 5 24 1, 0 T R LR R EAs AT T
SEMEDT PR AR SO T PN B L e R SR L
SIS HAIU RS S8, Wi T2 TR R H R
P LR 22 R TS R be a L B T — R 2 Y A i 8
H T4 B TR I I AR O DA oh FROT B T b
SRR R A S50 F T A [ R RL o BB R AN
] T @IASE IR L 451 %) - s 5 05 R Be % N O, AT CO
HE R P 0 52 L Ol 22 R mE S R e 5 I S A Ak
F 5% 0 T 0L FH 4 At 4 R S
2 REAHE
2.1 ExWEBEER S R iR BRI ZE

BEF B AL R SR ML be = R B B8
K JUARp RSF 2 %00, LA 4l i 8470 1T 7Y B e i %% P TR
W% A kg L AR AL B A TT T T 2 A R R E T
FOME 1 FiR) 3R A 100 AW BE 43 m) By B A3 Ah
Oy =R HEAR B RS B 204 40 S FT40 D, BET
S = AR 5 PR BRI, AR Sk IO H 7 A S A (O
WEOME R WE I 0 5 SR SRRE 4 BT S8 R TR TR
B R ARORE A9 6 N O, CO HE Tl 45 7 52 o e

g%} Single-injector
@Z&@Q@: €
@é) ( > Q ) Seven-injectors

Fig.1 Schematics of the multi-injectors combustor

L T W A - WY S SRR R B B R
L T W I Ayl O GE U A R AL B R B K 4
s i A E o (L NS W ST N i A A &)

12, 0t 7 v as BAEAS i v i 2 B A B 2 A ORI ST
L, B KR s 5ok = A iR & . R B b
TEA U0 1 R O BN FL A BE T RE TR B JE 2 T
AU Jon s B T R T =S AR B ol G 2R AR R (]
Koo ATPMARE 2 U FE TR B A 6 i I A 18 18
PN 5 Hp s I R LG )RR AR TR SR TR i
U2 BT U) A i K s B9 AR T B =S S TR
B iR G A RE AR IRG M &
W SRS S ORI 1) T U O TR AT AR o B
1 REHR = RS SR 5 1 T I e ) R 9 A A
[0 o WIS TEANSSAG 7E Sk 24 ] P AT PR 411

Fuel holes

| Convergent

\-\ outlet

Axial swirler

Premixing section Cooling holes

Fig.2 Schematics of the basic-element lean-premixed

injector

L WS AU R BE w7 A S T WA 7k 2%
TR KM T B KO T W S B A i, L v R KO T
K TR WA SIUBE 3R T AT B R O H/ L I 3 T
HH A0 W M 6] ) B2 R D,=45 mm, K K1 0w H, =
132 mm, %8 & W, =140 mm FK & L,=200 mm, & 4>
R R R i
22 tESTRERBREEHERSERE S

AR ST Y W HE BCRE PR B 8 AR U L Tk R 2 AT
i 2 7 S O R S B & R AT, LR & A 4 57
wNOHERMA RS O KRRAMA R R0 &
45 B RAR R G KV R GR-L WS U TR e R 4
o AP 32 2P AR R L i A2 S R v IR A s Rt
LA R P SRR SR T . Rk
KRR AAOMAL 4, L3 o ph R0 i 3 o 4 o
T Al . KA R G T8 00 B A A e s
£ B AR SIBORE AT R 2 M /K R Il o RS0 BT IRORE
I S 7 2 A A2 ] K B B AR 5 SR o 4 AH OC
K Ho NO, A BT SO DB O b A R R IR
IR L BUREAR 7 AN BUREFLAE P D BERE P IR A L &
FEAS A i I TE A TIAD B R G . 3 A IR FH H A AR
1 77 A AL AR IR AE (165+15)°C, B 1E#A S th UHC FI
TR R ARAF 20 53 ¥ B 2 ) ) o 2 B ME AR L AR
M RGEVEANAN 430 2% SCik[26] . BT A S 8h 2 50

2208023-2



Fask A3

2024 4

Flange Rectangular liner Cooling holes

Convergent
2y Section

e e e e
%

Basic-element
injector 0

50 100 150 200

(a) Seven-injectors combustor (mm)

‘D.‘
D

(b) Arrangement of seven injectors

Fig. 3 Schematics of the seven-injectors combustor
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Table 1 Aerodynamic parameters at different loads

Load/% T,/K py/kPa FAR,

pilot

Table 3 Comparison of flow distribution between design

value and experimental value

50 725 221 0.018 7 0.57~0.85, 5 points
60 746 232 0.0197 0.54~0.82, 5 points
70 758 240 0.020 4 0.43~0.68, 6 points
80 776 245 0.021 0 0.43~0.68, 6 points
90 785 250 0.021 8 0.31~0.60, 7 points
100 799 253 0.022 6 0.39~0.58, 5 points

Table 2 Aerodynamic parameters at different p, and 7,

Case TJK  p/kPa  FAR, R,
673 0.36~0.59, 4 points
1 723 235 0.025  0.35-~0.60, 5 points
773 0.33~0.60, 5 points
196 0.36~0.56, 5 points
235 0.36~0.56, 4 points
2 673 0.025
308 0.35~0.56, 5 points
350 0.35~0.52, 5 points
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Fig.5 Axial velocity contour and streamlines of seven-

injections combustor
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Experimental study on fuel-staging in a lean premixed
combustor with multi-points injection for
aeroderivative gas turbine

SUN Fujun"?, PAN Jianghua', GUO Luhua', LI Jie’, MA Hongyu®, SUO Jianqin'

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China;
2. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China;
3. AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: To ensure that the NO,_ and CO emissions of the multi-points injection lean premixed combustor
in the range of 50%~100% loads all meet the emission demands, the effects of fuel-staging number, fuel-staging
ratios under different loads, inlet pressure and inlet temperature on NO,_ and CO emissions for seven—injectors
combustor were studied experimentally. The experimental results indicate that when adopting no fuel-staging
scheme for main fuel, the CO emissions under 50%~60% loads are both high and do not meet the standard. With
the double fuel-staging scheme for main fuel , the emissions of NO, and CO within the range of 50%~100% loads
all meet the demands of fy,<25%107°, £,,,<50%10™° (@15% O,) , and 70% load is the transition load point for
(Rpilul is

the ratio of pilot fuel mass flow to total fuel mass flow) , at which the NO_ and CO could both satisfy the emissions

opening the second—stage main fuel. As the inlet pressure and temperature increasing, the range of R,

demands, gradually decreased. In addition, the fy,, relation with p, is shown as fy,,op,"*. Therefore, with the
the NO, and CO emissions of the

multi—points injection lean premixed combustor in this paper can meet demands for aeroderivative and land-

double fuel-staging scheme for main fuel and appropriate adjustment of R,
based gas turbine combustor at present.
Key words: Aeroderivative gas turbine; Multi—point injection; Lean premixed combustion; Low emis-

sion; Fuel-staging
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