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Characteristic analysis of dynamic pressure signal of unstable combustion

in central staged swirl combustor

WANG Xuhuai, LIU Yong, ZHANG Xiang, YANG Chen, LI Hao

(Key Laboratory of Aero-engine Thermal Environment and Structure,
Ministry of Industry and Information Technology, College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The unsteady combustion characteristics in the central staged swirl model combustor were
experimentally studied. The dynamic pressure pulsation signal, heat release rate pulsation signal and high-
speed flame image signal of the combustor under different working conditions were synchronously
collected in the atmospheric pressure test. The pressure pulsation signal was analyzed by empirical mode
decomposition (EMD), finding that the pulsation characteristics were mainly concentrated in the first three
intrinsic mode function (IMF). These IMFs were found to be consistent with the characteristic spectra of
heat release rate pulsation, airflow swirl pulsation and flame instability pulsation, respectively, after the
main frequency analysis by fast Fourier transform (FFT). Furthermore, it can be judged that the pulsation
characteristics of three main physical processes can be decomposed from the single pressure pulsation
signal of combustor through EMD decomposition, thus providing a data processing method for further
analyzing the induction mechanism and combustion diagnosis of oscillatory combustion in engineering

combustor test.
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Fig.3 Variation of combustor pressure pulsation with oil-gas ratio regulation
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Table 2 Unstable combustion test conditions of central

staged combustor
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GE wiAgs) kLM Re WAUL
AO01 100.2 426 40400 0.063
A02 100.2 426 40400 0.057
A03 100.2 426 40400 0.050
A04 100.2 426 40400 0.046
AO05 100.2 426 40400 0.038
A06 100.2 426 40400 0.033
BO1 130.1 4234 52 000 0.054
B02 130.1 423.4 52 000 0.052
B03 130.1 423.4 52000 0.048
B04 130.1 4234 52 000 0.046
B05 130.1 4234 52 000 0.044
B06 130.1 423.4 52 000 0.038
Co1 140.0 434 56 800 0.050
C02 140.0 434 56 800 0.048
C03 140.0 434 56 800 0.045
Cc04 140.0 434 56 800 0.044
Co05 140.0 434 56 800 0.040
C06 140.0 434 56 800 0.038




%124

EHOREE: Lo AR e % A E MR S A R 5 S R IE A7 2887

i ST, %O ORI B 1A
[r] 75 27 [ A7 A8 2y 120 Hz, 1056 P iR ¥ 01
Hem Il o T LAESE 2 000 Hz SR AF X A b =
PRk 8l BRIk sl A e PR AT R 2

2 RBERSH

LR R M, R BEE DP S5 W & T R
PN Bh | sh A AR Ik sl K dE Dk Bl = R B AR )
SRR, BB G A, FikA
SO MR BEE DP. CH ik sh 5 %5 . B &% DP
FILKE o R 4 5 SRR T, 18 7 i
HHJE S EZE R R
21 MBREENESERSH

MEENENGES, UAHATHBREZN
DP {55 A, K5 M4 T80 2 s YR 1 ks (5
5, A0 A AO2 I A A, B R g ik Bl i B
A7 7 B S (] B, % o 22 88 FUIRZAS T 19 DP
WIAR S o 78 AOL IS LAtk 1 B AR A L 2=
A02 i, & 7 bk sh (] 8k vk B &, 3 B 4% 4F A FIL
{F A T 07 W (LA BT 388 5 i — 2B B A < L
SHEMbEE LT CURE. B.CH4A TS
L,

6 AO1~A033 4~ T8 F #Y DP {5 5 k47
FFT it 8 )5 154 3 09 bk 2 45035 45 2R o 76 A01
A02 PRZH T A, 32 030 04 A 2 B Tl A< L B B AR
T HE i, 32 06 BT A8 (9 531 % 25 98 /), (B #RAE 140 Hz
B35 70 Hz BRI AR et A 2622 4k . A03
1T CL A5, 500 e (25 BRI [ B ik s A i
HAEAE 120 Hz (R B S5 05, T30 FL A B (2 A v s i 5
A HHA T BT CURES, Tkah i 5 A03 45
TR

J T IRSE FUIRZA R 3 146 Hz FAYEIA,
XA A RPIR AT B RA R & ) 8 R AR 5 #E AT
FFT 115 5 15 2 ik 45 R an &l 7 frow, gee &
FLIR A AE7E 50 Hz F1 146 Hz By 3 W5 R YK w5 06
50 Hz F U5 5 T 45— 35, 146 Hz /2 i 52 Ak 7 i) 77
FE B bk sl 3205 B 2 S EE B PR AR FIARZS A8 R
CLARZSHT, SZ A be = PR35 5% ) 23 H B 120 Hz 752
P AR, Ik sl B 2 e I SR R vk 3h
Al

Rl 8 SN Ak 22 S i i i DP = 43 i
A AL 45 5, 78 A 2H 100 g/s I &5 il 1 FUIR S
AR 2 0E /N T CURAS R M, BRI
6% CLARASHT DP W 25 & A PR3, R = 4k

0 0.5 1.0 1.5 2.0
) /s
(2) AO1

2
1
0
-1
-2

J%J1/kPa

0 0.5 1.0 1.5 2.0
) /s
(b) A2

JEJ1/kPa

0 0.5 1.0 1.5 2.0
Fsf[a]/s
() A3

JEJ1/kPa

0 0.5 1.0 1.5 2.0
At a]/s
(d) AO4

JE71/kPa

0 0.5 1.0 1.5 2.0
FsF[a]/s
(¢) A0S

J& J1/kPa

0 0.5 1.0 1.5 2.0
Al /s
(f) A06
K5 A% LR 0~2s N DP RS
Fig. 5 DP signal within 0—2 s under each working

condition of group A

58 8 45 RN 7 3 ALk R be b T CT
ARSI, S AEFE G i S L7 DP 32 45 04 1k
e A, 27 I AL R gk SNl ] )R
DP WEAH 23 B Wi s/ o X DP WA /) 32 2 2
PR Shy 1 A L RIS 2 — o RS I, R S N AR
JE 2 Wi A AL BN T DS, i — 2 S EUIR
588 R AIK o

A02 4k F FI 3 9% 2] CI % rp IR 2, Hojl e
5 MR SRR 2 N R AR A DR R A [ Y5 e
g, RIS S I P S TR E N
AR FEEFE . AU EMD X H k174



2888 it = 3 J1 %k %38 %
2500
< 150 r
& L
R i
= 75 72/HZ[145.6 Hz 00k
0 200 400 600 800 1000 i
WA Hz L 1s00f
(a) A0 £
-]E L
U2 —141.7 Hz 1000 |-
& 150} 713 i
Hz B
A 75 -
H f 500 [
0 200 400 600 800 1000 r
/’J/ﬁ]%/HZ -||||||||||||||||||||||||||||||||||
(b) AO2 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065
WAL
L 20001205 1z \
_% 1500 8 NI AR B R ki A
1000
4 500 Fig. 8 Variation of pressure fluctuation peak value under
s n " different inlet air mass flows
0 200 400 600 800 1000
P /Hz - - TN N NN -
oA ETES W (8 o ARSI, 5 % ok o 00— B, i

&l 6 DP 55
Fig. 6 Spectrum of DP signal

1.5
<
% 1.0} 50 Hz
= / 146.5 Hz
0.5 /
= |
1 I 1 L L
0 200 400 600 800 1000
P /Hz
(a) AO1
1.5
o 50/ Hz
g1l 146.3 Hz
05 /
J | | 1 N L
0 200 400 600 800 1000
A% /Hz
(b) A02
. L3 50 Hz
E /1465 Hz
> 0.5 /
=L
1 N l N L A n
0 200 400 600 800 1000
AR /Hz
(c) A03

B 7 G

Fig. 7 Spectrum of fuel pressure signal

fift, R AL A% B RS AR . X R
ik 21 45 5 64T EMD J&, 7] LA3R A5 3L 7 B IMF 43
i, AR R AR PTER 3 B, HAAR Y4 2 0 (AN
FHAR/IN . 7 3 Brar i G2 IMF1~IMF3) 3 JE
50535 i 9 B s, A B 2 TR IK A IMF1~
IMF3 {55 M H TS S5 5 . IMF1 3T 5 % 1 bk sh

TRAE5 1 B 2L, (H2 A B 71.3 Hz 19K
U4 s IMF2 I AR TH A7 77 B0 ] i 1, Bk 20 g i
R THAE 53 Hz BT 3 5457 v s IMF3 ik sl 32 4 4
HTE 23 Hz MEE iR . 3@ AT O 25
EMD Ji5 15 3] 3 4> 43 5 EAG A XS ol v, X T3
APEST R YT R

Faz R A A 3y e 0 v A T AT S
THE A3 BN R E 0 28 S T R Bk sh 4 B
Oy EARAE N 10 FER . IMF1 BREIHRAE A 4 39F
oo N R, Il AR m AT FLRERT,
Jik sl 324900 T AR AL CLUR 25 B i bk 2 35 43 5
e CURA T, #F 123 SO0 i I i 4 IMF1 52 M 5
JIN, TR AR B AR T AR I AR G 7 A ] R
D AAESI R 120 Hz BT . IMF2 7 3F 0 25 S i
Tt — SRR, K 3l 3001 A R 2 — [
FE B BT /MR AR A B A T S SR I
FIHEIN, 44 T 0048 fb 1 (B B 2 B M B . A
ZH T H N FUIRZS 3% 48 CLARZS B IMF3 ik 3
FA 25 N 17 Hz B3 BT 23 Hz HE AR 26 Hz,
3 E R M, FURT CUIRZS R K 1 Bk 3 (0 /1 3
By IMF Jik 2h 451 % 25 45 W 8 A9 1 ol otR 265 118 75 1k A
fE: IMF1 () ES0AEFT I CURZSH, 4R T
AR T 2 G5 [ A5 455 1 IMF2 A1 IMF3 1) 3 47 fifi
S /Re A B I 1 1) € F1, T I 3 79 A~ 43
NN 4 P B R AR A R S IR A
TEABIG . S AR o 3 T A (5 5 P AU R AR 25
X I F 3B Y B B . DP 55 AT 3 M E S
G REHE & bR &l 11, IMFL &5 2T 3 B



%512 EHOREE: Lo AR e % A E MR S A R 5 S R IE A7 2889
2000
225 141.7 Hz
< 1000 <
& £ 150
R 0 R
1 -1000 75
~2000 e
0 0.5 1.0 1.5 2.0 0 200 400 600 800 1000
HHE] /s (a) IMF1 S /Hz
1000 30 TEYT
. z
év 500 év 20
= O&W%MWW =
M 500 w10
—1000
0 0.5 1.0 1.5 2.0 0 200 400 600 800 1000
I a)/s (b) IMF2 B Hz
200 10
o\? 100 g —23.4 Hz
iy 0 R 5
= —100 5
-200
0 0.5 1.0 1.5 2.0 0 200 400 600 800 1000
R a)/s (¢) IMF3 B /Hz
B9 A02 JEJIRKSAA 0tk IS S5k
Fig. 9 Time frequency spectrum of each component of A02 pressure pulsation
150 100 1 50
- F A A4 F A a4l
145 90 —8— B4l SF —5— B4
. I —O— C4 F —o— c4
140 C 40 |
u 80 - o
r C C O
N 135F N f o y3sp QO
= f z O/‘§b© Tt o OO0
B 130F 5 o B 30F o
r L Bﬁ_g\u - O
F 60 |- AU E
125 C 25F
¥ r A e ¥
120 F S0 20
115:....|....|....|.. 4:....|....|....|.. 15:||||I||||I||||I||
0.03 0.04 0.05 0.06 0.03 0.04 0.05 0.06 0.03 0.04 0.05 0.06
i i W i
(a) IMF1 (b) IMF2 (c) IMF3
110 DP &Rirdrlikah ik
Fig. 10 Variation of pulsation dominant frequency of DP components
50 20 15
[ —a—— A% [ —Aa— A% F—A— A%
[ —8— B4 L —8— B4 r —8— B4
OF —o— c4 15'_—6—C2E - —o— Cc4
= [ s = 10l
< [ AL A N L S 10
B 30k 2 [ A 2| A A
O ! 3 a0 | o)
W[ i 10 |
09 L 09 - foks)
= a0k A m i @ |
m 20 o g I g o
k_g% L k_g% w5
i - A =
L ul 51 L
10 + 3 3 A
- L | A
ol v vt v v v b1 0-....|....|....|.. 0-....|....|....|..
0.03 0.04 0.05 0.06 0.03 0.04 0.05 0.06 0.03 0.04 0.05 0.06
e L e
(a) IMF1 (b) IMF2 (c) IMF3
11 DP & ik shid (et 4 tAsfl

Fig. 11

Variation of the proportion of pulsation peak energy of DP components
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Fig. 13 Cold state DP spectrum under different air intakes
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Fig. 15 CH’ signal and spectrum under different combustion conditions
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Fig. 16 Variation of IMF1 and CH" signals
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Fig. 18 Flame change images
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Fig. 20 The frequency of flame shedding in group A
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