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Large eddy simulation of vortex breakdown bubble

in the unconfined non-reactive swirling flow

ZHANG Jimin, HAN Chao, YE Taohong

(Department of Thermal Science and Energy Engineering, University of Science and Technology of China, Hefei 230027, China)

Abstract: Large eddy simulation (LES) was applied to the non-reactive cases with medium swirl numbers
(N29S054 and N29S045) of the Sydney swirl burner, and the instability mode of the vortex breakdown
bubble (the downstream second recirculation zone) was investigated. The statistical moment obtained from
LES results shows good overall agreement with experimental data. The vortex breakdown bubble (VBB)
did not exhibit the spiral-type, and was not surrounded by the spiral precessing vortex core (PVC), which
indicates that the VBB shows no distinct precession motion. The instantaneous velocity contours suggest
the existence of cyclic collapse/contraction and expansion of VBB. The distinct peak of power spectrum
density gives further evidence for periodic motion.
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Visualized by the iso-surface of instantaneous axial velocity ( u =0)
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Fig. 4 The instantaneous features of vortex breakdown
bubble of N29S054 and N29S045 cases

A5 v A ) 3 R A T C = 0) S R Y IR E A
LB R R A T T A S A3 R B AR R X, b T
A R 8 43 2 T TRE D AR 9. TR TE A R 9 1Y 3 T L AR
SRR S B Y S U RRAE. N29S054 B3 ik
THE A A% 3 P AR R L 5 K, L S M 35 ol 56 4, N29S045
A5 vl % T B A A 1 (R LR /DN S JE 45 ) i R e, {HL
V5% G Tl e 90 N EL A M 45

HE 2y ita A% 2 T I i vh B A B HE B R AE R R
JEE R S5 4« 0E 3 0 A 5 R R O 11 56 vh il 2k e
i HL  1F 20 103 4% 2 $0 30 2 (1 5 5 3 B n 7E 1R FL i
A b o il 45 B SIT 9 2t o B S R AT L 2 B I Y
2y 10 A% 9 58 7 103 JiE W ¢ 36 ) R A 6% JE 1 A 7
Bl R 25 4 L PR B R AR, S T A
Hb 57 U 5 v I S AR R R Q U DU ik O i &
PR HEAT Y. Q v DU 2 5 J3E o i k) RO AR
EXH Q=(0;Q, —S;S;)/2, i, S, = (u,, +
w,) /2 Qi = Cusj — wy.) /2 53 5 I T B B 0 %)
Pt 2 FUR R FR 5K . AE Q>0 19 IX 8, 55 U A4 1) i
AR (S SO e Bl 3 K (Q,; Q) 7 E ML, B
FEZR X P s s =S B 5 BoR T
N29S054 Fl N29S045 15 /> 53 f5i] v i &5 4 A1 [m] i X
(0 =4 0 A o T 45 R 1 Q o D ) A5 1T (Q=3 X
107 ™) 7R, SF- 24l 1) o R A A T (Cw) = 0) 1
71 BT XA TR o T LAz B f 57 58 0 K/, T8 37 AL
I R T A A AR /0N A i B AL b 53 A
FEAN TR 25 (0] 308 THE A 1 76 J) Bl A T AR AR /DN A
HH B IBE T 1 0E 0 8 A, 33 B i 55 AL AN R X i E

Visualized by the iso-surface of Q-criterion ( Q =3X107 s72),
the long elliptic surfaces down steam represent the VBB
5 N29S054 #1 N29S045 & {5l i jim 45 44 0 B 7% X
Fig. 5 The vortices and recirculation zones

of N29S054 and N29S045 cases
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Visualized by the contour plots of negative instantaneous axial velocity on the streamwise plane
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