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Abstract: The non-reactive flow fields of the Sydney swirl burner were studied with large eddy simulation
(LES) under four swirl numbers 0.57, 0.68, 0.91 and 1.59. Smagorinsky eddy viscosity model with dynamic
procedure was selected as the sub—grid scale turbulence model to investigate the flow structures, precession fre-
quency and precessing vortex core (PVC) under different swirl numbers. The shortest bluff—body stabilized recir-
culation zone appears under swirl number 0.68. With increasing of swirl number, the swirl shear layer at the cen-
tral jet nozzle damps gradually, while the one in downstream region strengthens. Power spectrum analysis indi-
cates that the appearance and vanishment of precession motion coincide with the enhancement and attenuation of
swirl shear layer, respectively. The central jet and downstream region have different precession frequency. This
result indicates the existence of two independent large—scale vortices structures and it is further proofed by the
correlation analysis of circumferential velocity at different probe locations. The distribution of instantaneous

streamlines and pressure on the cross section at axial position of 70 mm indicates the existence of PVC in down-
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stream region. The iso—surface of instantaneous pressure displays the spiral structure of PVC at the central jet exit

and in downstream region. The downstream PVC is orthogonal to the streamlines of mean velocity. This fact dem-

onstrates that the PVC is generated by Kelvin—Helmholtz shear layer instability.

Key words: Sydney swirl burner; Large eddy simulation; Bluff-body; Recirculation; Precession frequency;

Precessing vortex core
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Fig. 1 Structure sketch of swirl setting(mm)

Table 1 Inlet conditions
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Fig.2 Grid system
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Fig. 5 Mean axial and circumferential velocity contour on the longitudinal section



1076

20144

1.59 PR AIF A 33 2, B0 oo B9 90 0 0 SRR AR 2k o 4%
A 1S R 2 BT BE A RS A S B Y
“ 9P BR 7 5 R AR /N L R R R A b S R
HE SRR AE (T8 O 5 300 R IR 7 2 R 0 R A R R G

Strouhal W e & fiF it M4 I h 4 2 1) Jo i 99 8. T
& JE T AR B A b, R JH A 1] BB 2 X Strouhal £,
BRI Se=2/R/W "', Hovh fi F s 45 %, R, 2 i 5 11
PIAE, W R T8 0 1 Jo] 1 s 8 o St ~1 B i MAORE T 4
FBE WA IR Y St < 1070, 25 8iE 3h ¥ ) %
AR 5 M5 107 < Se < 1, RN BE I e &6 A8 45 1 25
TR 76T BE AL S, = 0.57,0.68 Fil
0.91 B} Strouhal AU U 5 290 (H . A E AT 5,
R S 0L A5 B 1 2 2 AR 5 S 0 g B SR AR W)
Bo A TBF Strouhal BUABFE {107, 1}75 [ Y, W

Hh s S5 3L 1) 3 Bl R IR R R I E | & 1Y
332 IEBEREH

B TFHRIEHER OB UIE N . R T
T Dy R A BURRAE 06 2R B RO E I
BT YI R B SRR AE . X i TR BRI O
B 30T 119 9 3h A2 [ R A A Sk B B )2 R R
WA T R
3.3.3  “HiEAR AR

C,D,E R F gi A T Bl 4K |3 X5 18 /9 3F
Yo BEWELS, = 0.57 W, C i AEBAR L2 11 Ha (1 £
BB TR AE 0, 3 WL OB AE AR R B S, =
0.68 i}, C F1 D P i 5 3L T 4l % hy 9Hz 1Y 47 1iF i ;
S, =091, C,DH E = GAHBL TR 10H2 1
FEWE o DL L = AN AR Bk SRR AE Y T
TR B RELAR A R B O . B A i U AR K, T i

—~8 T T oy T T —8 T T =2 T
Sl $29Hz  4(123,23)] §4 126Hz  A(123,2.3) | = ol 1 29Hz A(12.3,2.3) = A(12.3,2.3)
24t g Eat 1 &1
72 A2 Sof 2
s 0 " ~ 0 " A CO . — ~ 0
0 100 200 300 0 100 200 300 100 200 300 0 100 200 300
Frequency/Hz Frequency/Hz Frequency/Hz Frequency/Hz
~2i T =2 T =9 ; T =2 T
= B(12.3,23) o B(12.3,23) £ B(12.3,23) T B(12.3,23)
21 21t =11 B3
a8 2 a =
2N PN Lol z . 2 L
0 100 200 300 0 100 200 300 100 200 300 0 100 200 300
Frequency/Hz Frequency/Hz Frequency/Hz Frequency/Hz
—4 - T —~5 : T 3 . - —~2 g
T3t 1MHz  ¢(50,0) = 4H 9Hz €(50,0) - = [} 10Hz ¢(50,0) = €(50,0)
=) 23 1 22 E1
P e Q'G e =9 0
100 200 300 % 100 200 300 0 100 200 300 0 100 200 300
Frequency/Hz Frequency/Hz Frequency/Hz Frequency/Hz
—~2 T =3 T T 3 T T 2 T T
= D(60,0) §2l9Hz D(60,0) = |} 10Hz D(60,0) = || 10Hz D(60,0)
gl = 5> 21
= al =1 =
z - 2 z z
Q Q =10 L 2511 ~
0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300
Frequency/Hz Frequency/Hz Frequency/Hz Frequency/Hz
52 Y <2 T <3 ' T <3 ' y
= E(70,0) = E(70,0) Ezl G E(70,0) Ez_l 10Hz E(70,0)
21 21t = ’ =
= 2 a1 al
Z @ z Z
SN AV AV _— A e o £ — £ p——
O0 100 200 300 100 200 300 100 200 300 0 100 200 300
Frequency/Hz Frequency/Hz Frequency/Hz Frequency/Hz
52 ' 52 y =2 ' 52 :
= F(80,0) T F(80,0) = #(80,0) = F(80,0)
Bl 21 =1t Elt
= 2 = 2
Ao . EPN o O, W £ o & oA :
0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300
Frequency/Hz Frequency/Hz Frequency/Hz Frequency/Hz
(a) §,=0.57 (b) S,=0.68 (c) §,=0.91 (d) S,=159

Fig. 6 Power spectrum density (PSD) of instantaneous circumferential velocity
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Table 3 Correlation coefficients of instantaneous
circumferential velocity, §,=159

A B C D F

E =015 -0.0389 -0.0463 0.5943 0.3463

z/mm

y/mm
(b) Pressure
Fig. 9 Instantaneous streamlines and contours of
instantaneous pressure on the cross section
x=70mm, S =159

Fig. 10 Iso-surface ( p=-50Pa) of instantaneous pressure
in downstream region, S, = 1.59
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