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Experiment of combustion performance in LPP low

emission combustor with single dome

YAN Ying-wen'?, DANG Long-fei', DENG Yuan-hao''?,
XU Rong', XU Hua-sheng®

(1. Jiangsu Province Key Laboratory of Aerospace Power System,
College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. China Gas Turbine Establishment,
Aviation Industry Corporation of China, Chengdu 610500, China)

Abstract: Combustion performance experiment was conducted for three-stage swirler of
lean premixing and prevaporizing (LPP) low emission combustor with single dome. In order
to investigate the effects of different fuel air ratios, inlet air mass flow rates, inlet air tem-
peratures and positions of pilot atomizer on the combustion performance of combustor outlet,
and the outlet temperature profile, combustion efficiency and pollutant emission rules of
combustor were obtained. The experiment results show: (1) emission of NOx increases with
the fuel air ratio increasing, and the combustion performance of dome A is better than that of
dome B; (2) at the same fuel air ratio, if inlet air temperature increases or inlet air mass {low
rate decreases, pollutant emission raises correspondingly; (3) position of pilot atomizer has

effect on the combustion performance of LPP low emission combustor.
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Fig. 2 Configuration of LPP combustor swirler
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Table 1 Combustion experimental scheme of LPP combustor with single dome
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(dome A,different fuel air ratios)
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Fig. 4 Radial profiles of outlet NOx volume fraction

(dome A,different fuel air ratios)
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Fig. 5 Radial profiles of outlet CO volume fraction

(dome A,different fuel air ratios)
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(dome A,different fuel air ratios)
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Fig. 13 Radial profiles of outlet combustion efficiency
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Fig. 19 Radial profiles of outlet temperature

(different inlet air mass flow rates)

—— 0.1 kg/s
08k —e— (.12 kg/s
—— 0.14 kg/s

0.6 |

0.4}

iy,

0990 0992 0994 099 0998 1.000
n

Bl 20 i EARTETIR R AR AR 1 AR O [ 2 11 25 SR D

Fig. 20 Radial profiles of outlet combustion efficiency

(different inlet air mass flow rates)

ML 22 BT LA Y, Bl 2 0 107 2 SO0 A
AT I, P AE PP ke 28 v 45 B2 I (]
AR R B R e 4. D TR CO R B4 B
I, S B AT R BE R T R (I 20) R EE B
A (B 19) , B AE B R 6 7™ A2 NOx 1R B 3 Bl

1.0 -
0.8 |-
0.6 |

04 F

iy,

02 |

—=— 0.1 kg/s
—e—0.12 kg/s
——0.14 kg/s

B W S I 1 IR I |
10 20 30 40 50 60 70

NOx volume fraction/10-¢
21 E i NOx (R B 508z 1) 43 A
CRE PO 2K E)

Fig. 21 Radial profiles of outlet NOx volume fraction

(different inlet air mass flow rates)

Lor —=— 0.1 ke/s
TN T
0.6F ) 3

04} (

® b N

ol \\

0l \ .
S| ) SR SR I S ' '

0 200 400 600 8§00 1000 1200
CO volume fraction/10-°

M 22 O CORBUS B M4 fi
CR Rl 71 3 4 )
Fig. 22 Radial profiles of outlet CO volume fraction

(different inlet air mass flow rates)
Bifi 5 1 11 25 50300 o A 1 i i ALK
3 & it

AICXF LPP #ABE 2 T 245 1 T R b 1k e
1 7B AT 5T, 0 A F T T AN TR Sk B AE AL Ll X
PR A8 O PR I o7 R 1 A RO
T E SRR PR RE R 2 L AR TR LT 4598 .

D) FE PRI A 4% 7F AR5 B0 T 2022 3 <
LU i 30 R 0 3G b A I R A
BERCR HRBE ™ ) NOx B BTt i, Tl CO A
FR B IO P A

2) TEARIA Pl T 00T Sk &8 A YRR BE 1 fig



822 W % 3

Eitd %30 &

LT K3 B.

3) FEBRUEIA 26 /F A B BT oA B 1 45
ACIRLBE B A 2 A R R A e R
T i B2 AR R AR R TR e, NOx AR 23 B A
S T H iR T CO PRRR - BB A P b i oo 2 11 25 %
T X R B A A AHA I T 75 G W HE TR

A) B BT L o B X A RS & T T
DI HERCR e A 5 /0N AH B R AR R A AR
PE B Ik I A A R Ui A v T

5) R 11 23 S R 1 SR BE SRR B
AR T 10T R A ARG A L A9 N O AR B %
FEAR L T CO MAFR 3 BOR o7 384 55

SEHK:

C1] BRAT. RJTUA ST YR b AR TS G #R 8 R & e 3
(1] fitzs 8l Jy 24 . 2008, 23(6) : 986-996.

ZHAOQO Jianxing. Pollutant emission and development of
low-emission combustion technology for civil aero engine
[J]. Journal of Aerospace Power,2008,23(6):986-996. (in
Chinese)

oW VPR 5k, A FR R R LR S LR TS Y R R
FRIEFBIR] WY h EAT =S 722 2007 4F 2 ARAE 25,
2007.

RSy I T R 2 )/ T 1 P - S S S N
SAHTLR ] BN P S 52 2007 4R ARAE 25, 2007,
SO A, RPL R S HLIR B B BT AT BIF R Y 0%
HERORIR ] BN R EHL S 5 23 2007 4E 22 ARAE 22, 2007,
Sokoloushi D E,Rohde J E. The E3 combustors:status and
challenges[ R]. ATAA 81-1351,1981.

Mongia H C. TAPS-A:4th generation propulsion combus-
tor technology for low emissions| R]. AIAA-2003-2657,2003.
[ 7] Lazik W,Doerr T,Bake S,et al. Development of lean-burn
low NOx combustion technology at Rolls-Royce Deutsch-
land[R]. ASME Paper GT2008-51115,2008.

X328 30 B S 2 i S LPP IR TS e B be 2 WM 0 25
IABERAE AT T . HEBEH AR L 2013,20(3):353-361.
DENG Yuanhao, YAN Yingwen, ZHU Jiawei, et al. Nu-

[8]

merical study of two-phase spray combustion for lean
premixed prevaporized low-emission combustor[]]. Jour-
nal of Propulsion Technology,2013,20(3):353-361. (in
Chinese)

PIUNE ST, AR XS 3L, 56 3% il T0IR 190 28 R AR TS YLk b
KA IA P ]. Wi 4. 2012,33(6):965-976.

YAN Yingwen, XU Rong, DENG Yuanhao, et al. Flow
field study for head of lean premixed prevaporized low

emission combustor[J]. Acta Aeronautica et Astronautica

[10]

[11]

[12]

[13]

[14]

[16]

[17]

Sinica,2012,33(6) :965-976. (in Chinese)

Xk, RAFE R % BRI S LPP 4 &Mk s 4
AL ] fizs 30 % 4, 2012, 27(11) : 2448-2454.

LIU Qiang,SUO Jiangin, LIANG Hongxia, et al. Numeri-
cal investigation of combination of direct mixing combus-
tion and LPP combustor[J]. Journal of Aerospace Power,
2012,27(11) :2448-2454. (in Chinese)

A TR, WS A, AR OBUPR TR JE U L OO I K e
PEREXT HELT . 2 3 0124 . 2012, 27(8) : 1681-1687.

LI Feng, CHENG Ming,SHANG Shoutang,et al. Capabil-
ity compare of twin annular premixing swirler with the
single annular and dual annular combustor[ J]. Journal of
Aerospace Power,2012,27(8) :1681-1687. (in Chinese)
PN ST, 8 AT 5K TR AL R AR L BT M 5 T Y
PEL . izs 3 241, 2008,23(7) :1161-1167.

YAN Yingwen,ZHAO Jianxing, ZHANG Jingzhou, et al.
Large eddy simulation of pollution formation in model an-
nular combustor[ ] . Journal of Aerospace Power,2008,23
(7):1161-1167. (in Chinese)

THE L R RIS R TIOM TR W K (LPP) Y
Z R TS IR B 3 S IR R R )] B AR S T
£,2013,13(34):10409-10416.

WANG Zhengjun, SUO Jiangin, LI Ming, et al. Study of
dome for low emission combustor with multipoint injection
based on LPP[]J]. Science Technology and Engineering,
2013,13(34):10409-10416. (in Chinese)

IR, 0 VR JB L A5 4T, 45 ROL10 BBR S R HLIR R 05
PeHe e ae B g2 L) . b s L TR A 4R, 2010, 30 (20)

XIE Gang, QI Haiying, LI Yuhong, et al. Emission perfo-
mance of the dry low NOx combustors for R0110 heavy-
duty gas turbine[ J]. Proceeding of the Chinese Society for
Electrical Engineering,2010,30(20) :51-57. (in Chinese)
X R B XA S BRI A R D R R
NOx HERCH WAL ], #RBERE 22 550K . 2013.19(3) : 254~
260.

LIU Fugiang, MU Yong,LLIU Cunxi,et al. Infuence of fuel
stage proportion on NOx emission {rom central stage com-
bustor[ ] ]. Journal of Combustion Science and Technolo-
gy.2013,19(3):254-260. (in Chinese)

TRAE B RAT, X B3, 55, TAPS/MLDI A 15 3 ¥4 58 % 1ih 55
PR M2 8 1224, 2012,27(11) . 2421-2428.

XU Rong. ZHAO Jianxing, LIU Yong. et al. Fuel spray
characteristic of TAPS/MLDI low emission combustor
[J]. Journal of Aerospace Power, 2012, 27 (11); 2421-
2428. (in Chinese)

iz K ENMLBTHF W) S g % 25, At zs & s L ise ik F 00
559 M FRRBE A M. dbaT s Tolk s it 2000.



