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Effect of fuel nozzle position on pollutant generation

performance of combustor
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Abstract: A dry-type low emission (DLE) micro gas turbine combustor with medium and
low calorific value biomass gas was studied. The experimental test and numerical simulation of
pollutant generation characteristics at different positions of fuel nozzle were carried out. The influ-
ences of nozzle position on fuel air mixing uniformity and NOx generation characteristics were ob-
tained. The results showed that: adjusting the fuel distribution ratio and the position of the fuel
nozzle can affect the emission characteristics of the combustion chamber, and there was a fuel dis-
tribution ratio that made the NOx emission the lowest; the uniformity of the fuel and air mixture

was the main factor affecting the NOx generation; NOx was mainly produced in the duty com-
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bustion area, and the NOx mass concentration can be reduced to 7. 6 mg/m’ by adjusting the fuel

distribution ratio and the position of the fuel nozzle.

Key words: dry low emission (DLE) technology; fuel nozzles positions;

medium and low calorific value gas fuel; mixing characteristics;

nitrogen oxides (NOx); biomass gas
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Fig.1 Schematic diagram of the combustor
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Table 4 Calculation of N, under scheme C1 and C3

A AL N,
UES
Z/D=0.05 Z/D=0.30 Z/D=0.55
C1 0.9535 0.067 41 0. 000 447
C3 0.467 2 0.03657  0.000 452

MR E N IIRR S = ]RGS, £ Z/D=
055 AL, C15 C3 R TFMIRA AR EY
I T 0, Ul W 7E 12 80 B R 5 s ROIR A
ARZEH, I H R 58 G Bk B — L BT
PLFE MR A Z 5 BR5E = KM TT PN A RO It VR
SEAHR .
3.4 BIOLE TR 4F 14 B 20

&9 S AN [l s 11 241 O xR 88 = b
MR EE Ao AT AR BT IRE = e
BRACRJETE 2 200 K DA b, He 32 200 A 72 SR 8 == v
O [0 08 DX B 3T, 3K 2% PRI oAy 8 5 1 1 1 R R AE
IR AT O b A IR IR R R R
E K TR T R RRGURORETE £ [l 3t Xl 2R
B BRIpE & AL B BRI BT R 4 v i X8
T EEFE 1 800~2 000 K iy Tk K = B2 IR AL
ER R 5 th DR R FE 2] 1 000 K 247, JF AL
S b TSR ARy 2T R RE E PR EE A A R
B 0.2 LUF il TR B S TR E S 2K,

L 7 v 4 2T 6T LA Y (E BE R
25 W, R o 13 DX A A v T X il
T 206 0, BRI B B AIG  T RIRGR Be IX ., C1 5
C2(C35 C4) ML, TR mE 1147 &R, Wl
TR K BB 2 SOR A AR %, Bt
R T R v e DX R AR/

& 10 by B8 pe = Hh o0 T AE Z/D=0.05 DL

Temperature/K

500 700 900 1100 1300 1500 1700 1900 2100

(b) C2T7%

(¢) C3ITE
B9 ke s rb s T IR 23 A1

Fig.9 Temperature distribution at central section of combustor

(d) C4Ur %

Z/D=0.3 W & FriE £k LW o A o BRI AT A,
4% I 2 3 R B O T A A I R R A
IR, v TR DX R A i U R AT LB AE 1600
KA., Ho, 5C3.CAEMIL,CL.C2 7%
T rpC [T 3 DX 3 I O v L = T 1900 KA I EE
DI ) T R A, 3k 2 T €3 C4 T 8 3 o g
H 2 H PR AL — T e 2 S HR 4w T
BRRL/ 2 IR A5 M5 m CL.C2 7 & M HBE
G BE B 7 AR HUR AR, T LR 7 A=
FRSIRE M S . 7546, C15C3.C25 C4midl
7SR ARG X S8, BI AR 18] 5 85 D=0.05~0.10 m
5 —0.05~—0.10 m o & W5 ELIEAE A, X
FER W T WA TR R BRI AR
] Bk 25 SR A RO B A — 30, BT AR e 7™ A
PR SR B A 25 8 R TR EE A BT C1LC3 48,
FLA T J5 28 19 R GR R S i — 28 AT I
345 Y 1156 LY 445 W% 11 TR R % 38 0, XoF e R
WA — M ERCR AT

0.15

0.10

0.05

-0.05

218 B /m
(=]
TTT T T T T T T T T T T T T T T T[T T T T[T TTT

-0.15
_0‘15.|....|....|....|....
500 1000 1500 2000 2500
/K
(a) 2=0.05D
0.15
0.10 F
0.05 F
£ C
o C
= 0F
= C
¢ C
-0.05 F
-0.15 F
_0'15:|....|. P P
500 1000 1500 2000 2500
it BE/K
(b) Z=0.3D

E 10 FpfiF £k iy ik 4 A

Fig.10 Temperature distribution on characteristic lines



1930 it = 3

VAR S

%5 36 &

BT Sk 4 s 020 5 07 =0F B be = rp oo i
Ab NOx Jit & 70 B A 8 . i BT AR 7 2R
NOx A= Bl R A K X 3 24 b TR E
S RN Gl P 2 W L B BT B o/ e o =
WAMmES. AU ERE RN AET JREE
PR XA R/ 25 SR B AR5 B K IR %
Je 7 AR B R O B R LR BE Z 9 AR L NOx R
F 43 I8 TR A YRR R R I, B A
NOx 1% 4= il & 2 1 B 1 48 B0 ek 2, I A NOx TE LA
FRAEEE N E ., GE4EBOHAS TR T
NOx R B Lol 5, C3 R TFMEZEN
NOx 4 fl i 2D .

NOx mass fraction/10-

[ I S [ .
0.001 0917 1.800 2750 3.670 4.580 5.500

(@) CIT S (b) C2Ir %

(¢) C3TE

(d)CaT%E

BT #hbs s oo 8 m i NOx 5t it 40 505 A
Fig.11

NOx mass fraction distribution at central section

of combustor

P12 D9 e 44 J7 58 1 R 48 5 36 45 31 4 444
be A A b NOx fEiCE o i B R, C3 75
T B NOx HE R iKX= T C341 5 77 F
(EPELS FIRPA AL = R G B 211 O B
U JRBE 7 A R RO BE AR, i NOx HE Tl e /b

15
14} . LA
. a S
13
o 12+ A
g L}
%D 1nr 4
\\,5 10 |
L]
s o :
I g8t
-
7 - A
6 -
5 1 1 1 1
Cl C2 €3 C4

PIES
12 S8 5 RS 2] A9 R be == 1T NOx it & ¥ 8 X L

Fig.12 Comparison of NOx mass concentration between

experimental and simulated at combustor outlet

Xof b S 36 55 4548 1 NOx HE il & 7T L E 1, 4
P28 AR KT SRR AIS , I IR 2576 16 % A2 A7, Hovp
C3.CAFEMIREHEI0K LT, XEEHT 4
B H NOx 0 A & AN 511 5256 1 R AE A A
EERRBE ) E AR A ] A 46 R IT 92 X0
R I TRNOX = R385 A L2 S 2 b
AR R O B (E . PR, S A Y
NOx HEB 2 U 25 g — 26 (B2 LA R T
NOx HEBCAR {5 — 3, LI TS 2510 JEAS il {5 .

4 & £

D) A — DI S ARG R oy
e b g, e B NOx HE il 2 35 3] 7.6 mg/m”, BE B K
RiKF99.70% .

2) MRBeE 1 NOx BB i EIE G ™ A R/
SR A A X NOx 19 42 S AR K .

3) FHRGmE A B AR k6 NOx HE B 52 i)
ANER 3K IR b a S A ) R g, T IR
5 A TR 0 s A e, AR S R A et 1
I B RS 2 SR A ORI/

4) (IR E] ARRRE 1 2, {358 43 {8 BF 5 44
B2 5 H0R AR TIRE/ S I A A
P, DT B3 AT B SR R 3R 3 T 0I5 e W)
NOx HE Y 3R

CESY I

[1] KNAEBEL K S, REINHOLD H E.Landfill gas: from rub-
bish to resource[J]. Adsorption Journal of the International
Adsorption Society,2003,9(1):87-94.

(2] AF BEA LN B RIS F B AR BRI R
SRR T, 2004,29(2):58-62.

SHI Lei, ZHAO Youcai, NIU Dongjie. Technique progress

H¥

in landfill gas purification[J]. Natural Gas Chemical Industry,
2004,29(2):58-62.(in Chinese)

[3] Ay . BRI E R LT A S BT 0] A G il
585, 2009,30(6):80-83.
HUANG Xi.Tentative study on future market of power gen-
eration by landfill gas (LFG) [J]. Nonferrous Metals Engi-
neering and Research, 2009, 30(6):80-83.(in Chinese)

(4] Wfsfe, EH] . B R by SROH U BRI A (7], s
FH4L,2007(21):42-43.
CAO Weihua, WANG Yanming.lLandfill:application of land-
fill gas power generation technology[J]. Construction Science
and Technology, 2007(21):42-43.(in Chinese)

[5] #—ik, WS A, & TR AR 2 R IT] AR
%,2017,39(1):43-47.
WENG Yiwu, WEN Xueyou, WENG Shilie. Gas turbine
technology and development[J]. Chinese Journal of Nature,
2017,39(1):43-47.(in Chinese)



/;ﬁ

9 ]

X B84 AORHIBE 1437 T X R B8 5 5 Y ) A W RS I

1931

[6]

[7]

[10]

[11]

[12]

[13]

[14]

FEREHE BRI DL SR 3 (M. b 5T HUBE Tl 3 AL, 1981
139-173,254-268.

X B AR TEe DT HE A Be 3 B S i B K
R[], P B 28 U K R 22241, 2018, 35(4):1-28.

LIU Aiguo. Technology development status and level of low emis-
sion combustor for gas turbine using gas fuel[J]. Journal of
Shenyang Aerospace University, 2018,35(4):1-28.(in Chinese )
B R AR AT TR R BE S A 25 1B 1R 5 MR be e PEAT 52 [D].
Jemt:h R B, 2016.

ZHAO Yan.Investigation of fuel/air mixing and combustion
characteristics of a lean premixed burner for nature gas tur-
bine combustor application[D].Beijing: University of Chinese
Academy of Science, 2016.(in Chinese)

BRI, U SRR A ORI R DL 8 R &
P P REAT 50 Mtk [T 8 AR LB AR, 2013, 26(1):21-26.
KANG Zhenya, ZHENG Hongtao, JIA Xiangyu, et al. Re-
search and improvement of performance of micro - turbine
combustor premixing structure[J]. Gas Turbine Technology,
2013,26(1):21-26.(in Chinese)

AR A X A AR SRR LR R A TR AR 0 A K AR
SRR 2 BRI S PEESE [T, [ AL TR 241, 2017
37(3):795-802.

SHAO Weiwei, ZHAO Yan, LIU Yan, et al. Investig-ation
of fuel/air mixing uniformity in a natural gas premixed burn-
er for gas turbine combustor applications[J]. Proceedings of
the CSEE, 2017,37(3):795-802.(in Chinese)

MOTERR MBI, Bkt 45 . S R BE % 43 G be 25 AU 4y
BE AR [D] 28 3 J1 241, 2010, 25(9):1923- 1930.

LIN Yuzhen, LIN Yang, ZHANG Chi, et al. Discussion on
combustion airflow distribution of advanced staged combus-
tor[J].Journal of Aerospace Power, 2010, 25(9):1923-1930.
(in Chinese)

APBTR, PR, soat, 45 b 2> SR e 3 R T 0L
53 9407 A BT FE[T]. e R, 2014, 35(1):77-86.

FU Zhenbai, LIN Yuzhen, ZHANG Chi, et al. Experimental
investigation on fuel-staging mode of internally-staged com~-
bustor under approach condition[J]. Journal of Propulsion
Technology,2014,35(1):77-86.(in Chinese)

APBUR MR kA, 45 D S ORI % TR SR Btk
AESE B [T]. 25 3 Jy 274, 2015, 30(1):46-52.

FU Zhenbai, LIN Yuzhen, ZHANG Chi, et al. Experimental
of combustion performance of internally - staged combustor
pilot stage[J].Journal of Aerospace Power, 2015,30(1):46-
52.(in Chinese)

FWE, HRIE, FH SRR LR be il B i Y HE i
S ma LA SE[T]. /T &, 2015, 44(5):26-29.

WANG Feng, XIAO Junfeng, WANG Wei, et al. Influence
of combustion on pollutant discharge of gas turbines[J]. Ther-
mal Power Generation, 2015,44(5):26-29.(in Chinese)
T AT BT A B AE S LT U HE O e = R
B B NOx A iU Wil (9 B 52 (7). A ) &L, 2017, 46(7):
46-53.

SHEN Yazhou, FU Zhongguang, SHI Li, et al. Numerical

simulation of influence of equivalence ratio on combustion

[16]

[17]

[18]

[19]

[20]

[21]

[26]

and NOx formation in a DLE combustor[J]. Thermal Power
Generation, 2017,46(7):46-53.(in Chinese)
X% BE L BRR, PR AR A L GO AL A BE T AR DG G S IR
XUER TR TE U 8K e 3 MR 68 Pk B 0 (D). 4 k4 R, 2017,
38(7):1539-1547.
LIU Aiguo, CHEN Xin, CHEN Baodong, et al. Experiment
on effect of triple swirler swirl angle matching on combus-
tion performance of twins annular premixing swirler combus-
tor[J].Journal of Propulsion Technology, 2017, 38(7):1539-
1547.(in Chinese)
XU B8 R BROR AR A5 T B0 OUER A 58 A AR B S N
PRSI 02 8l J1 2241, 2017, 32(8):1793-1800.
LIU Aiguo, ZHU Yue, CHEN Baodong, et al. Experiment
on combustion characteristics of aero derivative gas turbine
twins annular combustor[J]. Journal of Aerospace Power,
2017,32(8):1793-1800.(in Chinese)
REE B L, H RS E Am R E LR
YWt gE 0] A 8 124, 2010, 25(7):1536-1544.
WU Yaozeng, HUANG Yong, WANG Fang, et al. Investi-
gation of cold flow field of a multi-injection combustor with
different geometries[J].Journal of Aerospace Power, 2010,
25(7):1536-1544.(in Chinese)
Rua A BN SC, 25, % LPPAR TS YLk be 2 W AR S %50k be
P RERE W TE[T] A =S 3 Ty 274l , 2014, 29(4):792-800.
ZHU Jiawei, YAN Yingwen, LI Shi, et al. Numberical inves-
tigation of two -phase spray combustion performance for LPP
low-emission combustor{J].Journal of Aerospace Power, 2014,
29(4):792-800.(in Chinese)
SADAMASA A, ATUSHI I, SHIGERU H. Emissions in
combustion of lean methane -air and biomass - air mixtures
supported by primary hot burned gas in a multistage gas tur-
bine combustor[J]. Proceeding of the Combustion Institute,
2007,31(2):3131-3128.
ADZIC M,FOTEV V,MILIVOJEVIC A, et al.Effect of a
microturbine combustor type on emissions at lean-premixed
conditions[J].Journal of Propulsion and Power, 2010, 26 (5):
1135-1135.
45 TR 5 4 7% :CN201810067501.X[P1.2018-01-24.
ARIEOR AR IR AR R AR B HE RS 2 YU eI A 1Y
kb a S AR 1% CN201810437323.5[P1.2018-05-09.
o] S WA, ARG AR L AF L 3 gl 4 i U S 1 B M B
CN201810437321.6[P].2018-05-09.
BRIZAT , X0 2 9%, 80 2, 45 ORH3 T 7 =0 OB LI e =2
IR BEVE e W], 07 3l Jy 2241, 2020, 35(9):1875-1883.
CHEN Xuanren, LIU Aiguo, HU Jian, et al. Effect of fuel
distribution on combustion performance for micro gas tur-
bine combustor[J].Journal of Aerospace Power,2020,35(9):
1875-1883.(in Chinese)
YIMER I, CAMPBELL L.Parametric study to optimize air/
fuel mixing for lean, premix combustion systems[C]//Pro-
ceedings of International Joint Power Generation Confer-
ence. Scottsdale, Arizona, USA: American Society of Me-
chanical Engineers, 2002:1-7.

(4.2 HRE)



