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Network topology analysis on wrinkled structure of

turbulent premixed Bunsen flame

Wang Jinhua® , Nie Yaohui, Chang Min, Zhang Meng, Huang Zuohua
(School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Turbulent flame structure represents the species, velocity and temperature field in
the turbulent combustion, which reflects the interaction between the turbulence and the combus-
tion. It is also important for combustion model validation. The conventional PDF of curvature
method can not accurately reflect the folded regions in the turbulent flame, while the network to-
pology analysis can demonstrate these regions as it can mark the key nodes or structure in a sys-
tem. In this paper, the network structure of the turbulent premixed Bunsen flame is constructed
to trace the folded regions in turbulent flames. Results show that the folded regions can be traced
by network structure. These regions are mainly caused by DL instability in weak turbulence,
while they are mainly affected by turbulence vortex wrinkling as turbulence intensity increases.
The influence of DL instability on turbulent premixed Bunsen flames is constrained by flame de-
velopment. At the bottom of Bunsen flame, the DL instability does not wrinkle the flame. As
the flame propagates to the downstream, the flame becomes more wrinkled due to DL instability.

Keywords: turbulent premixed flame;folded region;network topology analysis; PDF distribu-
tion; DL instability
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Fig. 1 Schematic of turbulent Bunsen burner and perforated plate
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Fig.2 Schematic of measurement of flow field
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Table 1 Experiment condition of methan flames

W ¢ Uw o Sto Lo l h Li
SI.D 0.7 3 0.74 19.0 5.57 0.34 0.08 2
SI_D 1.0 3 0.74 37.1 5.57 0.34 0.08 0.64
P3_D 0.7 3 0.21 19.0 4.18 0.55 0.19 2
P3_D 1.0 3 0.21 37.1 4.18 0.55 0.19 0.64
P2.D 0.7 3 0.17 19.0 4.59 0.66 0.24 2
P2.D 1.0 3 0.17 37.1 4.59 0.66 0.24 0,64
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tal conditions in the combustion diagram
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Fig.5 The schematic network structure
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Fig. 6 Nerwork structure of straight and sinusoidal line

(@) P2 D, =07

(b)P2.D,p=1.0

(©)P3_D,p=07

(d)P3 D,p=10



%1

E R TR i R NG TR 45 4 19 2% 3 FF 5 23

(€)S2.D,9=0.7 HS2D,9p=10

Bl 7 ORI T30 i i k0 OH-PLIF 1B F
Fig. Fig. 7 OH-PLIF images under different conditions

FIHAE %8 1) 1 % PDF (Probability density function)
J7 8 JC T MER FRAE A ) T 00 3 3 KO T B 3 AR oG
PR A X B AN TA] 3 PR O 3 2 SC B Y R A8 X B
FARREA CSR AEZ i T AR K, S B
B P R oI RE S N L il AR A A 7 (b) AL
2 N KRR B A R R L 7 () R AL (B S 2
AR, R ) R 2R PDF 43 A5 J0 3 X 43 R K 7
(a) s (b) 7 A [6) 400 7 i I K M 45 4 ) AN T

8 Jit 7R AN 0 T i U M % PDF 43

2.0

—P2D,p=07

1.6

1.2

PDF

0.8

0.4

0

Curvature
8 ANIA LT M Ui & M 2% PDF 43 A

Fig. 8 PDF of curvature under different conditions

XL 7Ca) ~ (DI 3 A Fr, vl LA 1 7E A [
FR 21 LR i I S S5 A AT TR R AR Al L (2
%/ PDF 434 51 A BERAE X Fh A2 1k

i1 il 3 PDF J6 ik i e AN [\] ke G B 45 IX
S, DALk L AT T IR0 2% 4 D 45 A8 R B 30 T It A A T
) S BER A X 8, SR 2.1 35 Birad 5 vk, al LA i
AT B T HEAT S RIS A . 9 TRl P2
D THF M ARFEEZ] 3 56 OH-PLIF [ i 47 M
HARIM R MR . B 9 ~ (o I F AT
LB R R R ) i U KK T S (D ~ (D) SR xR 8 1Y)
25 ¥ 7E Gephi #K 4 # F| A Fruchterman rein-
gold " FEyL P MALZE R . B 9Ca) ~ (o) H] AT, I H
P 2% 45 kg R LUK it g O 5> DXCBON 35 g T AR
b bR e ok BAT BT R BE BT AL T i U KA
AT 4 TEL 140 R 20 DXl RO T o 2 5 R X I Kk

Ha o A7 ZOULEE R R 3 8 A5 DX AR TR A M R A )
A AR DX 2 R AR DX AE i I K TR ) S B R
XL P9 ()~ (D), 4 A (B Pl A3 X iz K A
TR A 1AM L o B R TR R AR R
TR XTI T ()~ (o) BB TR K MG 5 M Ak 1 1R R
s B HRRE MR T AR R S A5
(] PR IR 2 L B 2 AT e n ALY

— 30 » 30
5716 3~ 35 5706 57.16! g\,
J 30 ; e 25 3 25
g 287 S s g 4287, ¢ Mo E 0281 N Mo
=
=) 120 & 5
2h28.58 22858 15 328,58
2 15 2 . = 15
1
14.29 10 1429 14.29: 10
5 L
00 07— 0= M5
0 7.15 14292144 0 7.15 14292144 0 7.15 1429 21.44
Width/mm Width/mm Width/mm
() (b) ©

g0

©
P9 i U K 4 225 4 B mT WA

Fig. 9 Network structure of turbulent Bunsen flames
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