% 30% T W M=z =ik Vol. 30 No.7
20154 7 A Journal of Aerospace Power Jul. 2015

XEHS:1000-8055(2015)07-1566-10 doi:10. 13224/j. enki. jasp. 2015. 07. 005
s == — A =
LESS A E = JEE F I it i ah

= ', TERE, FEE, KFE', 24K
(1. stz fi R R 2% BB S 3h 1 TR~ B
fii s e shIL s ) R S8 %, bRt 1001915
2. PEfE T ER A E B RS ILA RSTEA ], Ll 200241)

i B 559 CFD B 77 W58 T LESS BAKE 2 8 B #5111 BRI i 36 58 & ik Bl R AiF . — ZE #h ek
LRSS R R WAL D AETEE 2249 Hz JAIAPEHE IR 0 RS L 1 It 2l oA DL 0 S Bk 3. i R4S LES
BB S5 A IS T BE T A 1 0BT SR — 4 PR I B = A O Sl e 22 R 890, S3 A B B BT A H T
PR T B R SR 2331 Hz, 53RN 45 S 255 3. 6 %6 I 38 3 A3 43 R A DG 1 43 #7 . 45 HH W
M R Ik Bl el UMK G PN i Bl IR A% R

* 8 W HERG: WRSW; R EEE RERREE

hESES: V23l.2 XEFRERD: A

Unsteady swirling flow in low emissions stirred

swirls combustor

QIN Hao', DING Zhi-lei', LI Hai-tao', LIN Yu-zhen', LI Ji-bao®

(1. National Key Laboratory of Science and Technology on Aero-Engine Aero-thermodynamics,
School of Energy and Power Engineering,
Beijing University of Aeronautics of Astronautics, Beijing 100191, China;
2. Commercial Aircraft Engine Company Limited,

Aviation Industry Corporation of China, Shanghai 200241, China)

Abstract: The unsteady flow characteristics of low emissions stirred swirls (LESS)
combustor swirlers outlet were studied, in combination with experiments and CFD calcula-
tion. One-dimensional hotwire tests results show periodic velocity oscillations of 2249 Hz ex-
isted in the flow field of pilot stage outlet, but didn’t appear at main stage outlet. Transient
large eddy simulation (LES) calculation had been adopted to verify that velocity at swirlers
outlet tested by one-dimensional hotwire has a difference of 8% to real three-dimensional
flow. And the simulation results show periodic velocity oscillations of 2331 Hz with a differ-
ence of 3. 6% to experiments. The periodic velocity oscillation phenomenon is dominated by

processing vortex core movement in pilot through spectrum analysis and correlation analysis.
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Table 1 Velocity oscillation properties of unsteady flow

ET WA/ BHE w/ Wk sh i . /
95 Hz (m/s) (m/s)

E 2256 25. 88 2.00
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Table 2 LES calculation results

s
ZH
E F Gy Gy

w/(m/s)  25.78 45.2 34. 39 14. 37
w./(m/s) 6.48 7.61 20. 88 22. 49
w/(m/s)  11.54 16.42  —8.78 —26.33
w/(m/s) 28. 98 48. 69 45. 44 32. 56
w/(m/s)  26.58 45. 83 40. 23 26. 69

a/% —8.27 —5.86 —8.29 —18.03
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Table 3 Resultant velocity comparison between tests and LES
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e &/%
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Fig. 9 Cross-correlation of unsteady velocity at monitor points

1150 HzAb () 9% 3% b A 6055 .

WS, Se s Sy 1 B A S A A K B A 1A
ZEA BT AT TR 9 — SR T A% 8 1 E Bl iR B
SRR 11 2331 Hz J& 1535 3h 19 5k . 3%
16 245 M B 4 I RNE T AR 1 T, B AR N AR
WIS W BA 2331 Hz B9 B WPk, W — 2% 5E i
fr W F B B AEAE & 1150 Hz J& M 0 2l . i 0t 3l
MM E—HCREHOHY)E, 5% CIREN
Bl 105 2 5 B e B % iz Bl AR BLAE L S S0 IS

BB YIRS 2331 Hz A W2 h R (S, AR
iR LTS S, SR 10 /%), T 1150 Hz M4E
R FAE] 2 £% X UL LESS #4 58 2= il 1k 9 —
G A SC LA HY 11 A 1% B 1) 2 6 v A5 R B
UL M2 T e mas i 2 8 1150 Hz iyiz
gL ARA R REEm THRERREzs 5H
W75 B IG  Strouhal £0A X, WK 4 K E/ . — .
GLTHE A% A SC IR A i 2 b B Ui B AE Y L T GRE
it A (0 Ah AR TLF 02— G i T A SC IR IR IE 1Y 2



1574

glz:
¥

oA B

5530 %

0.8 :

0.6 E

u'f(m/s)

0.4

0.2

1000 1500 2000 2500 3000
Mz
(a) S, 41

0 500

w'f(m/s)
.

LS|

0 500 1000 1500 2000 2500 3000
$i R Hz
(b) S,

w'f(m/s)

1000 1500 2000 2500 3000
4 Hz

(c) S5

0 500

P10 ) 5 A

Fig. 10 Velocity spectra of monitor points

B PRI e O #1150 Ha 69 33
5 2.
4 & it

AW A LB M CFD 30 r s 7
LESS #5823k 3 1 3R & % i sh FRAE. — 2 34
2R 25 R WA WU G DU AF e 2249 Hz JEIY
P B IR 5 o T R R G 11 B oA DL B R ik B
L BEAS LES $(E 25 5K 50 17 76 BE Wi 4% 01 Bk
SR — 2 3R R N 2 = 4 3 Bl o R e 25 N 8 %6
Ab BUE RIS S TURE S 11 R ik sl A R

N 2331 Hz, 545 Rl 228 3. 6%. e fa
A A A3 0 M MR S A A5 S0 S Rk
2y TR G N 2t Bl i A%
B igt

S v I A s T P A W) R A 25 K BBl
A PR DTAT 22 WA AN A RE T 1Y S5

SE Mk

[1] Huang Y, Yang V. Dynamics and stability of lean-
premixed swirl-stabilized combustion[ ] ]. Progress in En-
ergy and Combustion Science,2009,35(4) :293-364.

[ 2] Huang Y.Yang V. Bifurcation of flame structure in a lean-
premixed swirl-stabilized combustor: transition from stable
to unstable flame[ ]J]. Combustion and Flame, 2004, 136
(3):383-389.

[ 3] Lieuwen T C,Yang V. Combusion instabilities in gas tur-
bine engines: operational experience, fundermental mecha-
nisms,and modeling[ M]. Reston: ATAA,2005.

[ 47 FU Zhenbo,LI Jibao, LIN Yuzhen. Experimental inves-ti-
gation on ignition performance of LESS combustor[ R].
ASME Paper GT2011-45786,2011.

[5] WangS,Yang V, Hsia G,et al. Largy eddy simulation of
gas turbine swirl injector flow dynamics[ J]. Journal of
Fluid Mechanics,2007,583(1) :99-122.

[ 6] Wang S,Hseih S Y, Yang V. Unsteady flow evolution in
swirl injector with radial entry at stationary condition[ ] ].
Physics of Fluids,2005,17(1):1045-1066.

[7] LU Xiyun, WANG Shanwu,Sung H G, et al. Large-eddy
simulations of turbulent swirling flows injected into a
dump chamber[ J]. Journal of Fluid Mechanics, 2005, 527
(1):171-196.

[ 8] Selle L, Lartigue G, Poinsot T, et al. Compressible large
eddy simulation of turbulent combustion in complex geom-
etry on unstructured meshes[ J]. Combusition and Flame,
2004,137(4) :489-505.

[ 9] Roux S,Lartigue G, Poinsot T,et al. Studies of mean and
unsteady flow in a swirled combustor using experiments,a-
coustic analysis, and large eddy simulations[ ] ]. Combus-
tion and Flame,2005,141(1/2) :40-54.

[10] Steinberg A M,Arndt C M, Meier W. Parametric study of
vortex structures and their dynamics in swirl-stabilized
combustion[ ] |. Proceedings of the Combustion Institute,
2013,34(2):3117-3125.

[11] Steinberg A M,Boxx I,Stohr M, et al. Flow-flame interac-
tions causing acoustically coupled heat release fluctuations
in a thermo-acoustically unstable gas turbine model com-
bustor[ ] ]. Combustion and Flame, 2010, 157 (12) : 2250-
2266.

[12] Stopper U, Aigner M, Ax H,et al. PIV, 2D-LIF and 1D-
Raman measurements of flow field, composition and tem-
perature in premixed gas turbine flames[]]. Experimental

Thermal and Fluid Science,2010,34(3):396-403.



| %

545 . LESS #hbe 2 38 % W e i i 8h

1575

[13]

[14]

[1

5]

Stohr M, Arndt C M, Meier W. Effects of damkoher num-
ber on vortex-flame interaction in a gas turbine model
combustor[ ] ]. Proceedings of the Combustion Institute,
2013,34(2):3107-3115.

AR, VR A BT AR D A GO S A T X A
T KALERLT ). A2 3 Jy 241, 2013, 28(8) : 1759-1763.
ZOU Bowen, XU Quanhong, CAO Wenyu, et al. Lean
blowout mechanism of coupled recirculation zone[ J]. Jour-
nal of Aerospace Power,2013,28(8):1759-1763. (in Chinese)
R RN A4 B T e — e AR W T ST AR
[J7. Wizs 8 )14 , 2013, 28(8) : 1681-1688.

WU Hong, LI Peng, LIU Dongdong, et al. One-dimensional

unsteady analytical model of rotating passage[]]. Journal

[16]

[17]

[18]

of Aerospace Power,2013,28(8):1681-1688. (in Chinese)
A0, BESCAE X RAT L S5 B T 5 AU A fE K ) 37 45 9K g
ERRBRT AL ] Uz Bl 124, 2013, 28(2) : 324-330.

HE Min,CAI Wenxiang,ZHAOQO Jianxing, et al. Numerical
investigation of combustion flow fields in low heating value
fuel cannular combustor[ J]. Journal of Aerospace Power,
2013,28(2):324-330. (in Chinese)
A8, AR A, TR KL R CFD LR 205 5 ) 55 4R
[M]. dbgt . AR geg At 2011,

Syred N, Beér J] M. The damping of processsing vortex
cores by combustion in swirl generators[]J]. Acta Astro-
nautica,1972,17(4/5) :783-801.

(#.t )



