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Spatiotemporal distribution characteristics analysis of
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Abstract: Studying the distribution characteristics of local flameout using high-speed optical measurement
methods is crucial for understanding jet flame instability mechanisms. Initially, a planar laser-induced fluo-
rescence (PLIF) measurement system operating at 5 kHz is set up. An experimental study on high-speed
jet flames is conducted with OH-PLIF to monitor the dynamic development of the flame structure. Image
processing techniques like bilateral filtering and local adaptive thresholding with vertical sliding windows
are then applied to preprocess PLIF images. Innovative features such as the length and spatial location of

local fracture structures are extracted. Subsequently, the temporal and spatial distribution characteristics of
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local flameouts are analyzed, enhancing the high-speed PLIF diagnostic and analytical methods. Results in-
dicate that the bilateral filtering algorithm significantly improves image quality, achieving a peak signal-to-
noise ratio of 34.3 dB and a structural similarity index of 0.93. The algorithm effectively reduces noise lev-
els. The F1 score for the adaptive image segmentation method using vertical sliding windows reaches
93.30% . Moreover, the count of fractured structures linearly increases over time. As the jet Mach number
rises from 0.5 to 1.6, the number of fractured structures per second in the unilateral image jumps from
790.7 to 9 217.2, showing an exponential relationship with the jet Mach number. Predominant areas for
fracture structures include the flame arms and the upper central fuel zone. This research validates the effec-
tiveness of high-speed PLIF technology in assessing the spatial and temporal distribution of local flameout,
broadening its potential applications.

Key words: laser-induced fluorescence; spectral diagnostics; high-speed jet flame; OH radical; local

flameout; image feature

1 3 7

T AF ke, WO G He AR AR A o K R O B
M TR Wb o b P EOLE &
7¢ ¢ (Planar Laser-induced Fluorescence, PLIF)
R HAT w8 25 0 B v R | A s )
AR AR R BOE SOH A R B O
SRR BT I R DX, B M R R R R
KL JF 77 AR 5, SR AR PO AR 5 O AT B o
BT, AT LR UGS U 5 1 T RE AL AR KO
AR B o KRR AL VR B Y e I
B R BAR B R B BRI R AEE P b R K Bl AL
A5 SRR BE 2R GE Y N ER 22 O i i AR R X U )
FAFE IR, W S5 i AR R, AR M S B E
SN PR, PLIF SR 5 T BA 58 5 45 1 1) I
A Ak B A R R AR AT A AL

e T8I 2l B85 PR R O AR E T R Bl #fE
F G0 5T 0 E A IR L, 7 22 B 1) RO RE S B A
K/ 2 SBIR SRR KGR e TG PR A
PRaiobe 2 AR, T 32 2 BRI B KR B E 3%
BAENRKAEW ARSI EE A TR
GRS UEA I SN IR PN P B
MY S g = AR BT T R A B AR R Y Y
TR BE AR AT IF T T — R AT . B iRt KA
Hh ik A SR AR K AR, B R i It AN AL o S
AAEAE AR B 3a i S 06 N0 o RS A 4 34 JR)

HEK G T B 2R be T i R R e R
A E T S AR, R ST R R A
1555 7 12 1 T AR 4 SRR R e 1 2 3t s TR B
Ji (R B B, T 1 KA 5 JR R R KA G 1 Y
SZEMME B o PLIF £ R fE 06 X 45 52 2 o] 47 V) A
JBLAG, DT A 28000 g ARk B

UTAER MR 1 b R TR R K L i AL AT
B BIE ST RS L A PLIE % A (14 i 18] B R R
R X —WF S B T RE . 2011 4F, Juddoo %
fdi 1 5 kHz 9 PLIF B AR IE 1 3 0 vh R AR
Jey IS HEL 2 11 W7 S 85 A 1Y 2l A T AR A AR R R
% B2 IR T 80 m/s B, 5 kHz () PLIF R4t Hg
T 22 Wi RS v 3 238 B A B/ D DR 4 45 4 1 R
JE At B O AE IR Al A5 3 W 2 45 0 A E Ak R
JE o WS AR S BT T 4 R B R T A
ZIAI S FR o AR, 7 S vy 3 CAn 8 s ) 5 0 2%
PR, Jad 0 DB 24 45 ) I 23 Y A BB, R R bk e
Wt 7% B R AT BR (5~10 kHz) 19 £ 14 T, e
LA 2 0 4 45 kg 1) 7 20 AR s B . A T
GAE 35 43 M7 5 R R 58 3 B9 B AT S
o TR O K U PLIF UG v D 24 485 0 1) 30t 2 3
i B AR Rezs )y i B o R T IR AL
fiff e S S IR M 0 SR SR BN R M L R R bR R
St AL IR S % B — T R R
THE B G2 1) 23 [ A7 AR Cln 8 R B AL 2k
1) BIRFSE .



%9 1 w e, AF T 5 kH2 P OGRS O Y SR SO R HRE K =S Rk B 1309

ASCHSL T 5 kHz B4 OH-PLIF S R %, T M PLIF HoR 09445, 0 HL5E % T 8 i K
IO TR [ W (DB 0.5~1.6) & FATUREIBRKI RIS EIG ik
PR B9 728 0 KK L3R4S T BAT 200 s i ] ] _
R I 4 R B OH JE PLIF B (R bty 2 KR AR
WIS T R BUAL 87 3, 51 A R
W 2% Wy RS T SR T R A PR 3 T 8
PSR F T K S S T 22 g 2 5 I
SULE MR ST 45 VT A A BT, 7500 A (1 4
il 1, 375 JR SR e 2 R R s ] 3 e A
IR S O S A L . R BFR R A R

2.1 5kHz OH-PLIF L6 &%

S KM B OH-PLIF 5256 22 48 tn 1/ 1
N, FEAREESNEOLRRGE ORI R K
TGRS 5 I P FE 6 R S8, DL K] il 56 i A e

Nd:YAG laser [ e e R Nozzle |

Dye laser

| Honeycomb

Perforated
plate

Air

N -
‘ Camera

[\

P | Jetburmer 7™ _

Bl 1 53 Kok OH-PLIF 55564 %
Fig. 1 OH-PLIF experimental setup of jet flame

L HN G RR R G Nd: YAG [ A 3062 S A B0 R AR AR A5 B R e R 5 1Y 567. 106
A RS Y RO A B A RS B 21 B, TR A nm O ARG, S AR A F 46 1 283. 553 nm
H5kHz, Hh,Nd: YAG 06 #% (Edgewave) 2 LN RN 1.3 W, R EIE R G
b ZAEAUG Fi 532 nm O s Y RO 2% (Sirah 58 HIMBON TR 4 O A KR B Dl 8~9 em, JREBE /I
Credo) ffi FH % F+BH 6G Y R JE /K £ B W AE R F 0.4 mm B 6, Fo6gE il R A v il 2 0T UK
TAEY T, % FE] 6G B W ST 2y 450~600 nm, KA L OH 3,
B K B R 510~700 nm, B0O6 0T E I Bk B N i A ICMOS A ML iR 1% 3 5 &% K @& i
564~607 nm. YL RHEOEER I 50 R Gk Sl CMOS [ B D & 20 108 o i3 T8 Al 15 3 5 25
B AL A o KOG AR R G K R B 55 2 Y A5 5 PEAT A5 3 O R e 98O6BE b, T
283. 553 nm, X OHFE AS (V=1)<XTI(v'=0) PRI 25 R L2655 5 I f R . A ARIE S
W Q () ¥ B k4 o ik h BRAT Y /R 2% 2 4% WO AR TR 25, AR AL AT R FE I B 5 kHz. A AL
B L AR A AN R, HLRE R AT = 15 R B i 2Ok 553k i Coastal Optic 4= 7=, 76 84N By HLA & 35

55, R H AR =105 mm, YEIE N /4.5, X
Nd: YAG B AR EOEH =4 1 064 nm 0%, 4 PEAT RS A 22 15 3] 28 [8] 43 BER 0 89 pm/pixel , B8

5 AR B A it 532 nm 0% 5 532 nm #GHE LT 1A RO B 8 em, 8 A8 SR AR K
B A GORHOE AR ML TAEY S B 1T AEY JiE 163 25 /0N I AT 245 ) 1 2l 2 AR AR AL A5 1R . it
R RO A R O R MR MOt A B b, RSB AR  B E AE R L R 4R AR
TR GEYT AR B 1] DR G M R ALK IR PG T B RN T %8 o AR LIFBASE G364y



1310 e K TR

32 %

BB TS B, OH 3 (0, 0) 28 G 14 1Y 16 (4
5SRO (1, 0) 1 A9 3%, DR Ik 3k R 4
(0,0)7 %56, H FE P B A (310410) nm. K
TR AT BE B AR IO 4 WO RS SCER G s 7
FHHLBE Sk B 22 2 UG11 (Schott) 47 i € ) - Al
WG305(Semrock) Kl JE G F % 0EOG 41 7E 310
nm B VT 6933 3 F LR 70% . it DG645 T A
SRR RGN T AL OH B H kR
ST SR T PR T 3 2O R X3 A ol F
A7 IS SR U0, A% 38 T 1) R YG F R] 95 R 30 s,
2.2 FEIHETRMREEEE RS

Ivi) ¢l Bt 3 R b 2 9 0 Ab O B4R 1 mm Y A
O B HE TR WS WG | S0 B8 g FE R RHE B R 2
FLIE BT MR o R bE AR b S IS BB A% 7 AR T I R
IR RSB0 A A S - ) A e A S LR
T o BRBE R L (Bh g ) A Y R
Bk &0 o IAPE TR BE A Hh e 3 R AR RRUE 1Y A
R R AR AT L R B R E T IR U R S R R
HIFE L o PSR A 200 /28 SR, AR RN
23 R H R S AR ] BT, th 2 AL AT R
SRR A, I 78 1 535 3R mRR b, 1 I I B 29 K
2m/so FEUL IR M R 25 SO H T B O A
0 4% (Sevenstar DO7 £ 51) J# 5, 38 15 K B Ry i
BREN 2%,

SERS VT T AN [ G ke T,
TR HR B B — AT W —— TR
(Mach number, Ma) , -85 55 TS i iz o)) i &
5521 Ml RS Y A . AR R TR AR ) SR A S
REIE TP AR B 5 B0 R R Ak Sk B AR AR A —

O R A 0 0 O B R e 7 L 3
iR
oy dv_da
(M, 1)V—A, (1)

FE M Ay SRR, VR PR, A Sy W IR L

S 749 8 2 B I G B B O
L T 75O T 4 W, B L
R 7 A 7 £ 4 R B
RSy Lo O P A
e

P,
Horpr: PORBEIE TR T, PO KRR R4 R AL,

PO—[H(/"”M“ } : (2)

T 2K k=1.233,

M RREC 1. 0B, B =0 (2) 1584 B W8T
J1H1.8X10" Pa, KT 1.8X 10" Pa iy Ak id
Tk WS I 1), S 2 N 2 2 B s 1 o T Ak
P35 B 2 M 75 3 A R T R R ), AT A
T U AR AT R [ 90 1 0 B I L W R R
T 1.8X10° Pa, B 3K 15 ¥ I it 3 K T A 3 (1 <
Wi s 1 WS R /N T 18X 10° Pa, BE 3K 45 W) B i
/N ) o

P I R e 32 G R AR A Y R S
B R R M T 9. 0 L/min, 25 S
}9 200 L/min, 2448 1 R 0. 64, 24k 24 5h 124315
PRI EE N 1892 Ko HaU(2) 8 T D ik %k
3y 0.5,1.0,1.3,1.5H1 1. 6 1 5 Fh 5 i K44
T o KR be 7 W H 11O T AR Y 2 M SR S 8L
U 1o SO0 1 3 A SOk M 0P T Ak 1) OF 359 4
JE o A T O &ETT, &0 Wi 1k 8 E ¥k
277 K, b5 # ok 313 m/s.

R1 BHRBAEERS MBI TR
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Fig.2 Raw image and denoising results
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Fig.4 Binary images of different local adaptive threshold methods
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