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Experiment on ignition performance of a full annular combustor
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Abstract: Experiments were conducted to study the ignition performance on a full annular
combustor by simulating the ground start and high-altitude ignition parameters. The test results showed
that the fuel-air ratio of both the stable flame establishment and the flame propagation from the ignition
dome to the unburned dome decreased with the increasing inlet airflow Mach number; ignition became
more and more difficult with the increase of simulating ignition height, especially at low inlet Mach
number condition; the fuel-air ratio of stable flame establishment limit and the light around limit decreased
with the increase of corrected reference velocity, and there was a power function relationship between
them; the functional relationship was obtained by fitting; if compared with the test values, the errors of the
estimated fuel-air ratio of stable flame establishment limit and light around limit were mostly less than

10% and 15%, respectively.
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Fig. 1 Combustor model

12 KBRS

Fl 2 i R n B R, 5 R 5 R EALTE
s 2R RS Il RSE . X
REMMIX RS . B RGN . RIS
ZH %, I BT PR RP-3 2S4Sk R G
B ATUCRR L R KL s U R S
e B FME T 2 BT R B 48 55, &5 U
e SR FH s 74 SO A R O ), R e O R TR
T, AR E R O R ) S HGE o R )
ZIRFR A PSI9016 J& I it F& Ge A7 i, R
e as it IR EE S 80 R R A VX
2R3 2 48 (VXIbus testing system) . 3256 71 BT
RTINS 5 T PSI9016
JE i R S0 . VXL B RAE R 40 iF A B0 R 4
THEMLIEA TR AL A0 B, 356 v o 0 2 152 5 114 30
TV B SR BE SR 1 TR



5 6 101 THEES: LR EIRPE fUCR IR 1301
. /,l
(A 53 L
A
K2 eWRbeERRm ARG REE
Fig. 2 Experimental system diagram of full annular combustor
F1 FTEMREE
Table 1 Main measurement device
SRR M W K
BRI R PSI9016 (02~1.5) x10°Pa  +0.5%
HEOVREE KPR (=60~100)C £1C
HARE B ABRE (100~1700)C  +5C
SR it (1~100)g/s +0.5%
AR PR (0.05~2.0)kgs  £1.0% ,
KRIRJE  KWEGBE (-60~100)C I ® BRI A

P 3 g a0 300 a5 23 A s T T 2 0B ek

3 ST A 1] 120°0 435 5 A A I A, RS 1, 3

3 s b T S 3 T SR ) 2 A ) BE TR
FLAEATIAE, 3 3 A5 1 4 D F s o A
LA, T R 3 S JE 1) 120044 43 B IR
S AT I, AR5 3 AN A, 3R 9 R T
J 3 3 AR S R L % e T AL R A 0, RS 1
AN A, 3 3 2 DR A 3 S R e A Y
PO PRI A, RS 1 R 3R 3 R
A 3 ST A 1] B A A AR AR AR A AT I, S
4D, 312 f e e, 2E TS RO A A

O H R RL(—IAR)

@ BRI R (= R A)
o SR A (= R I)

3 R R R

Fig. 3 Diagram of inlet measuring points

O Y FE I
@ I SR AL

Bl 4 E i o A7

Fig. 4 Diagram of outlet measuring points

TFHRBEEHE O 3% 60 mm AL, 0 S50 6 E
D7 F B be 2 AT o
1.3 SHRAE

WF5E T J T AL b T A 3 RS 400 757 4 a5 ok
R L KAERER S, a0k 2 IR, EZMAHE 54
RS AL T A kL AL 4 500 moaT L AL
6000 m i J . L 7500 m g5 K FIAR L 8 500 m
Bk MFARRBPRE, B8 TR 02
TR XS KRR A5

TR AT B 2 A58 2 BT e G B T
WM REFR P E S O S ASEORAE, Bk
FL M ) (] B T B T B, I T AR BCR R B = 3 1 1
SR, 2~3 s Ja R E A T i Oy U, 2R
SO, MR Rk = i S S HOR R, 1B
AU BRI B, AR SE IR AT RGOS, BB UK
AN A Ak 5 AR KON B, DU Ak 2 AR R e



1302 it = 3 J1 %k %38 %
A e 25 5 o PP I 2k B B R 254500 m# k.
®2 RMABRESH B 256000 m# A BEHIREZE7500 m# K
Table 2 Ignition test parameters ¢ R A5 8500 mA K
0.040
- Rz a  #aER #FHER
IRAH TR tF ! 0.035
REHH (kg/s) S/ JBE/kPa
0.030 f
» B 0.100 . = E
TR S 5l i EE & 0.025
0.200 3
v 0.020 f
. 0.137 = E
TE‘:TH4500m —14.3 577 0.015 * u
0.206 ' ' 0.010 f . .
0.073 0.005
R 0.112 ’ ’ ; ’
B 6 000 m —24.0 472 0 002 004 006 008  0.10
0.169 HE 1 TR CMa
0-062 S A JGHIRbI G B O S AR
o ; ) SPMAINRIESNE LA YA
0.137 ’ ’ Fig. 5 Fuel-air ratio of stable flame establishment limit versus
. i inlet Mach number
4L 8 500 m 0.118 —40.3 33.1

F RSB, Bk il i, 42k
AT R KR, ELE ORI Ik

e S UL, i TR MR % A R
BB AF, IS R R, PR 2 R
REZAFAE A IR S — PR R AR K& IT K
T BAZ s KA IR, A AT AR AR X I ke
HRAY EHRIX, T AR E SO, AR SO R %l R AR
A K G AR KRR I AR Sk R Y K
B, 15 B A B9 Sk AR BLAR A B9 0, BRI
K], AR SO R I R AR O R o iR
AR SCRI U A8 1 KR 2 CRITBE P A A, 3
ORI RN S A B AR s I T A
BRI TT 4R B T Y I [a] A B 20 s, JIIA
A KT WA 4k B bE = 11 R i g

SR BE I R AR T 250 °C R T IR A
i 35 s, RIGA S IAE AL o
2 REERKDH

TS B BN 2 5 IR I A L
H A R R S TR S T A
AR A AL, FRIL U .
2.1 HN BIAHE

FEMLZS K BN HLAS Bh it B v, s JCH I X 7 )
S KT AR B R % & shdLk )
BT A G T, R R Sh AL Bl s ) AR
E5. B 6 43R T & k. B T 50 Y v
SRR be = HE O SR AR Ak, BT DUE

1) 7RI S HCGE B P, BE & A be 5 9F 11 ik
B K, £RAES T & K A R A A 3 S

m AL 254500 mPAE
PR 25 7500 mI 4G

« B TTBE
T 75256000 mIBEAE
FE R 258500 mIBAA

0.05
0.04 f
o 0.03f
x
g 0.02
— . * 1] u
0.01F ¢
0 002 004 006 008  0.10
B0 D Ma

6 Teds FU0 R = H BERE 1T Eh R A2 1k
Fig. 6 Fuel-air ratio of light around limit versus inlet

Mach number

R A, T R R AN TR B KR
B 2 AR BB, O E A . 23 BT
X R R 52 i 3 VR R 2R — T
TET, 25 L 1 R K F5 S 8 DX S P- 24 J i
FEOR, T S 1A% A ) B 3 X s
AR, AT T A% 0 KT IE BRI 35, 55 4
RS Tk KO R E R AR, N, 2SR
I RAFAE XS KRB0 55— 7 i, 25X
PRI U, 5 i o B4R i e IR s 3
TR I AR T 8 W 11 3L 3ok T 22 25 759 30 48 iy, X
P W T 5, 390 22 i oo T A ke s AR it anh
22 I BRI 55 AR JE 28 KR 2 B4R (SMD) , [
PP 0 S PR A0 2 i — 25 5 A Bl o R 4R iR 25
IR, X B 2% A SMD #E — 25 /)y, Tl SMD
/N, 2 BRI 78 % D* (D W0 AR ) SE i
PR B 75 S, DT 23 (A5 A% 0 Kk PR BE g L



% 6 3

THEESE: FA e Rbe = 8 KR 1303

PR AR, FH KWK S B ERS . M2 R
KFE, BRI S A AE H o 3 3 S A, DT 2
G SO A LB 1 S R RO s N

2) WA AR KR BE RGN, kL BRI TR
LU BT 38 I, At 2 UK 2 A 78 A5 R B R X
AR TR S T AR O S REC S, AT
o3 WRIME, B ANAE 8 500 m =5 BT, I I S B EC T
ANBEL IS Ko X E TR T REE B K
BB, BRbe = O g L IR B ARG, AH [R] 2 bk
BT B2 IR, — 7 2 AR 25 i
ARG BRI Y 28 & HL BN, 5 — 7 AR
2 INE R FRARR, 33X % a5 K R AN FI Y, DR v S
UK HREE TR

3) AKX R ) A R A i B
B A L GE A Ry,) Bl 11 R 5501 A2 Ak # A J2
— 0, (AR R O S BCT BRIA I BN Y S
WO, X BB T — 5, KA R
2% 3% 3|25 S B W 52 R X AN, 2 G B R
P A L BT R TR ) A AN JE DA AR S 30 i ok 4
AL BE R 55— 7 T, 35 KRR PR R AR,
THBERZERET, Xk O m 4h
O B RCE R R, SR G, W TRk
HRRE I 1y R B AT DUE R e AR MR SL 0 05k
JEr A& iR .
22 RNEREEESH

Ry S A T Hb 43 A A KRR AR AE RV, SRy
ZRANRETHO RS RE . S EXE
KRBRIAREE R R, 5] AR S5 5 X —HE
&, MESHHEE AR

oo Pa_ 627315
°T pA, 101325  288.15

Horp v, W S5 B, BN m/s; q,,, IR
FE SR, AR ke/s; p WA SREE, R
Bk kg/m’s A, RRABEE S5 #mN A, H0h m’s
Po HREBEE HE LS, B R Pa; ¢y R ke & it
H R, B C .

7 7% H B 2 2 KB i SR I A 9 A L
B 5 5 2 2 WUE B Ak, FTLLE H: T iRE S
HZHRELGAFIE TS ma. AR #FHE
JEXT A KRR, A A BB S HHE R,
TR NI T IO I AL B e R 2 2 R 1
AR A 5 IR, 3 R B 5 B S 2 R Y 3
M8/ o XA SO 5 I R b 2 4 B30 14 1T 5
AR S5 WU KRB 34 K OV, AN

(D

i 1 m/s (DX, AR SCRR 2 0 TR A2 IX, XA X3
Wt 450552 25 L E BRI/ N, B KRR A 300 50 O i
SRR . Qi X, W RIS
1~ 1.5 my/s 1Y X8R, 7612 X, B e 35 2 2% B2 1Y
AR, 3 KB T 5 Xk IO T L 1472 AR A e
BN, AR PR A IR A K. @Y A2
% R 1.5 mys Jm , 35 B 2 5 X N R
PO Rl 0 57 2 2 T 2 A A8 A8 T F- 22, 78 AR A et 2
BN, AR SCRZ X R 2 RS IX . N B iR
MHERT , B KBS FXE R < S A 2%
R JEE 2 18] (9 bR KR SG 2R 9 R B AT UL
15 25 KB 1 B8 B L S R 2
Z AR R R

FDLSURTITE S SER

Ry = 0.021 5V,708 2)
5 EBUR T S SR

Ry = 0.025 7V,70797 (3)

R LR A2 56 8 U RS T & K
AT F, I 5 R (X He (A&l 8. &1 9

0.05
n I 1 * ﬁ(m%kﬂlﬁ’
0.04 f . LR il Sl
g i L BRI
g 003 [ :/Rfa,2:0.0257Vc70‘767
I
g 0.02 | h : -
HIGH AP L :
0.01E R =0.0215y, 0% !
1
i i

0 0.5 1.0 15 2.0 2.5 3.0
SRV (m/s)

BT KBRS SO I I A B 225 U (AR 1
Fig. 7 Fuel-air ratio of stable flame establishment limit/light

around limit versus corrected reference velocity

0.040 _
E2 3 VN yhas
0035 | PRI IHIIN L o
g 10% '
= 0.030f
L= e
3 0.025F ot -10%
I
g 0.020 f 5 o
B 3
5 0015 )
X 0.010F i
e 0.005 | '
0 0.01 0.02 0.03 0.04
FIGH TR R

8 RIS TTE K Al X L
Fig. 8 Comparison between test value and calculation value of

fuel-air ratio of stable flame establishment limit



1304 o= 3

VAN S 1

38 %

0.040 = —
0.035F ® FEIMBEKEA AL i
15% . e

*e

0.030
0.025 ¢
0.020 ¢
0.015F
0.010 f
0.005 F

IeJF3 LI S LTI

Pl . ) )
0 0.01 0.02 0.03 0.04
BN T A LIRS

B9 g ST Sl L A X b
Fig. 9 Comparison between test value and calculation value of

fuel-air ratio of light around limit

fras ), al LU e 3 30 R TG fE A R 22
HE10%, B 12 5 TUAR (EL A9 1R 22 D9 £15%. 1]
UL, B e EG Z O Tz R e A g P A A
A A BE BA s 1 TR

3 & &

WF5E Tt T R AV be & 4 IR0 1, &%t
b T BH R0 R A s KOG R RS S8 TP TR
[l e 28 F 11 2 00 B T B 20T K R i S
98, TEA SO S I S BGE B N, 3015 T I 4548

1) IRk 5 T SRR 2 25 KR BE 8 500 m
WA K BRI, TEREADLR 45 5 KR Bl 8 500 m 1Y
DRSS HCT, M8k be = 3 10 D50k 0.076
B, 1Z AR be 5 1 KL RN I X R I A B
BIAR#T 0.03,

2) TR SEGEHN, #IRE T & KL
LD AR R o i WY i (RN WA N

3) W AL R 2 K BE R K Bk M
SR I I AL XA N, R R AR R T
AR E O S BREBCRES T, & KRG T 43 R A
2B A5 K R R A 7 500 m B, ARG AY OE 0 5
IHRBCIRAS T TCTk B 5 K o

4) R A KRN TR L I0 A
Wil 8 5. 2 2 TR (R 385 R /N, R B R 1 ok
TFARRBER, IR T WE Z [ R
S

SZ Bk

[1] LEFEBVRE A H. Gas turbine combustion[M]. New York: Taylor
and Francis, 1999.

[2] MRFRE, IF2%, Xlm .
Tk At 2008.

R AE LA be = (M), dbat: [H B

[3] READ R J, HOCHGREB S. Relight imaging at low tempe-
rature, low pressure conditions[R]. ATAA 2008-0957, 2008.

XU R, AT R, AR AR S AR — U TR B A X AR
JCPE R B 52 0 [J]. A6 BT ES ALK K54k, 2015, 41(6): 1117-
1121.

LIU Guigui, LIN Yuzhen, HU Haosheng, et al. Effect of swirl cup's

[4

—

primary swirl number on ignition performance[J]. Journal of Bei-
jing University of Aeronautics And Astronautics, 2015, 41(6): 1117-
1121. (in Chinese)

OB, MO RE, oot 58 290 A4 1a) E U o T WAL ARON R B = R
KA Bl AR kP BE A9 5 R D). i 2 3 ) 24 4R, 2015, 30(5):
1092-1098.

DAI Wei, LIN Yuzhen, ZHANG Chi. Effects of swirl number of

[5

—

second stage radial swirler on combustor ignition and lean blow-out
performance[J]. Journal of Aerospace Power, 2015, 30(5): 1092-
1098. (in Chinese)
[6] OB, MRFRR, VFA s, 45 48 1 8 Ui a0 20 B0 X KR
KCREVE 5 R 0], %5 B 03 2# 4k, 2016, 31(3): 608-615.
DAI Wei, LIN Yuzhen, XU Quanhong, et al. Influence of air split
of a radial swirler on ignition and extinction characteristics[J]. Jour-
nal of Aerospace Power, 2016, 31(3): 608-615. (in Chinese)
4 B, XAF B, X5 OR, 5F . 4 PR A A TIURK 9T I 20 41
KR RE K B S e A 8 F 5 0], HE R 2019, 4009):
2050-2059.
YANG Jinhu, LIU Cunxi, LIU Fugqiang, et al. Experimental investi-

[7

—

gation of effects of pilot swirl flow organization on ignition and
LBO performance for a staged combustor[J]. Journal of Propulsion
Technology, 2019, 40(9): 2050-2059. (in Chinese)
B R, RS, SRR, e AR S 5 AL A
1T AR X /N 2 8 068 3. o K BB 19 52 Wil [0, 0T =5 3 0 7 4l
2011, 26(8): 1708-1712.
LUO Guoliang, SONG Shuangwen, HU Haosheng, et al. Influence
of the swirl cup flares design on the small combustor ignition per-
formances[J]. Journal of Aerospace Power, 2011, 26(8): 1708-1712.
(in Chinese)
(9] #ile, MhFa=, MR, 55, MR L Al 102 8 X % ok 1 g
P52 [7]. it 25 3l )12 4k, 2015, 30(5): 1057-1066.
YANG Qian, LIN Yuzhen, DAI Wei, et al. Ignition performance

(8

—

affected by axial position of primary holes at low pressure condi-
tions[J]. Journal of Aerospace Power, 2015, 30(5): 1057-1066. (in
Chinese)

[10] Z= gk f, X0 R M. J= 38 & i 438 vl 47 JR AR 58 2 2 0l A R K
WL A2 B 15 4, 2003, 18(2): 221-224.

LI Jibao, LIU Daxiang. A study of local rich fueling design for
widening combustor lean ignition and blowout limits[J]. Journal of
Aecrospace Power, 2003, 18(2): 221-224. (in Chinese)

(1] BB JE, # b IR, ART AR, 4. B Sk B/ B /4 SRR B & 3%
T A KPR BB 4 R [D). A B 224, 2017, 32(8): 1822-1826.
ZHAO Mingling, YANG Zhimin, LIN Yuzhen, et al. Conversion
methods for lean ignition performances among single-sector, multi-
sector and full annular combustors[J]. Journal of Aerospace
Power, 2017, 32(8): 1822-1826. (in Chinese)

[12] Emlg, W, M0k, 55 IR SRR 3 J8) 1] 3 JCpL B
il F 5 3 R (7], 238 AR 12, 2019, 33(1): 14-28.

WANG Gaofeng, XIA Yifan, YE Chenran, et al. Progress on light-
round ignition dynamics in annular combustor[J]. Journal of Exper-
iments in Fluid Mechanics, 2019, 33(1): 14-28. (in Chinese)

[13] S9N B, w0, Bho, 45 P12 e U 44 8 28 A 0 i ki
R 1Y 52 96 [J]. 9025 30 J1 2 i, 2018, 33(7): 1767-1778.



% 6 3

TE RS FA IR bE % R

1305

[14]

[15]

[16]

LINGHU Changhong, WANG Gaofeng, ZHONG Liang, et al. Ex-
periment on ignition process in annular swirling combustor model[J].
Journal of Aerospace Power, 2018, 33(7): 1767-1778. (in Chinese)
BOILEAU M, STAFFELBACH G, CUENOT B, et al. LES of igni-
tion sequence in a gas turbine engine[J]. Combustion and Flame,
2008, 154(1/2): 2-22.

LACAZE G, RICHARDSON E, POINSOT T. Large eddy simula-
tion of spark ignition in a turbulent methane jet[J]. Combustion and
Flame, 2009, 156(10): 1993-2009.

JONES W P, PRASAD V N. LES-PDF simulation of a spark ignit-

[17]

(18]

ed turbulent methane jet[J]. Proceedings of the Combustion Insti-
tute, 2011, 33(1): 1355-1363.

SUBRAMANIAN V, DOMINGO P, VERVISCH L. Large eddy
simulation of forced ignition of an annular bluff-body burner[J].
Combustion and Flame, 2010, 157(3): 579-601.

B Ry, TEALZE, Bk BR 8 2 L JCAE AR 2R 0], fire 28 ) ) 2 41,
2021, 36(1): 25-33.

XIAO Wei, JIANG Lijun, CHEN Sheng. Spark ignition model for
combustor[J]. Journal of Aerospace Power, 2021, 36(1): 25-33. (in
Chinese)

(mig. T2E)


https://doi.org/10.1016/j.combustflame.2009.05.006
https://doi.org/10.1016/j.combustflame.2009.05.006
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.combustflame.2009.09.014
https://doi.org/10.1016/j.combustflame.2009.05.006
https://doi.org/10.1016/j.combustflame.2009.05.006
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.combustflame.2009.09.014
https://doi.org/10.1016/j.combustflame.2009.05.006
https://doi.org/10.1016/j.combustflame.2009.05.006
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.proci.2010.06.076
https://doi.org/10.1016/j.combustflame.2009.09.014

	1 燃烧室模型、试验系统和研究参数
	1.1 燃烧室模型
	1.2 试验系统
	1.3 参数及方法

	2 试验结果及分析
	2.1 着火、联焰特性
	2.2 点火性能综合分析

	3 结　论
	参考文献

