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Abstract: Hydroxyl (OH) is a widely existing product in the combustion reaction process. In combustion dia-
gnosis technology, the two-dimensional spatial distribution based on hydroxyl is commonly used to charac-
terize the structure of the flame front. Hydroxyl is an important parameter in characterizing the flame temper-
ature, flame surface density, and heat release rate. The effective detection of hydroxyl in combustion flame is
an important support for exploring the evolution of combustion dynamics and revealing the mechanism of

random flame events. Planar laser-induced fluorescence (PLIF) has several advantages as an optical measure-
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ment method: high spatial and temporal resolution, non-intrusiveness, and component selection. PLIF has

successfully observed the structure of various combustion flames, such as Bunsen burner flame, turbulent

flame, swirl flame, and supersonic flame, which provides an important reference for establishing combustion

models. This paper starts with the basic principle of PLIF detection, followed by the development history and

research status of PLIF technology in the field of combustion diagnosis. Then, it introduces the PLIF ultravi-

olet light source technology based on dye laser, optical parametric oscillation, and Ti:sapphire tripling-fre-

quency, and discusses the characteristics of different technical routes. Finally, it prospects the development of

UV laser technology for OH-PLIF.

Key words: combustion planar laser-induced fluorescence laser Hydroxyl
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Fig. 5 Schematic diagram of experimental set-up for OH

measurement of 1-8 atmospheres lean premixed nat-

ural gas flames!®
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Fig. 6 Schematic diagram of PLIF-PIV turbulent jet lift

flame measurement. (a) Experimental setup; (b) jet

burner; (¢) imaging region'*!
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Fig. 7 High-speed OH-PLIF system with refrequency of
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Fig. 8 20 kHz, CH,O -PLIF/PIV experimental setup!**
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Fig. 9 Burst mode experimental setup and measurement results®”. (a) 7.5 kHz, OH/CH,O-PLIF experimental setup; pluse en-

ergy residuals for (b) 355 nm and (c) 283 nm pluse
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VP  vertically polarized 532-nm IRO intensified relay optics
HP  horizontally polarized 532-nm  SA-Z/X high-speed camera
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» \ u ) 532 nm (VP), Plane 1
7 Swirler
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Fig. 10 Diagram of the 10 kHz biplane PIV and OH-PLIF

experimental setups®'). (a) Layout of experimental

optical path; (b) aerial view of light path of the

burner
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Fig. 11  OPO Ultraviolet laser experimental equipment!®
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Fig. 12 Experimental setup for seed injection of burst-
mode OPO UV lasers?

2017 4F i BLPEFER 2% LiZ M 46 NP9 iRl
T 53R [52] BRI T2 YAG OGRS
(%) Burst BEFUEAMIOGER B . % B R T
D et b @ HE Q ST AN R H A
AL T B BOE R RE R R M IR I AN
% YAG AT B R 7 LM E HE YAG [H] 1) fE
M S E A 13 s, HAETH £ YAG
R4 e BRI O AU SE B T A48 I 7 Bk () Burst
B TAE SRk o aE R R 200 mJ, 3353 K
BEfd 160 mJ 1) 355 nm HOEFIH OPO 774 566 nm
fan b PR A AR e R K M RE N 2 mI (1)
283 nm WOt UL KA B ™ £ OH
A1 40 mJ BER 1Y 355 nm BOGE T A8 R SHM
% CH,0. ¥k FIARRIMEKZ 6T — gkt
S AR SN o HEBEX Y5 0.6
FH 3 B o 120 m/s B McKenna #R 58 8 A= 1% 1Y
JHEVEAT T SER T OH F1 CHLO {5 M L4y
A 22 Fl 6 () PLIF %54,

(a) Top view
355 nm Multi-YAG
4
H 3
Y
7 CH2
BS CH1

CL: Cylindrical Lens
SL: Spherical Lens
AP: Aperture

PB: Pellin-Broca prism
DM: Dichroic Mirror

BS: Beam Splitter
ND: ND filter l
PD BD: Beam dump
e X
: i \

ND BP: Band Pass filter | \.

SL LP: Long Pass filter .
283nm, BD 355 nm/283 nm L 1 A
-3 —

PE GP DM T e
(b) Side view
2 5 nm i

283 nm

e

K13 ST OPO FiEHi )5 ) 50 kHz HA PLIF SEH2
= {s4)
Fig. 13 Experimental setup for 50 kHz PLIF based on OPO

and frequency doubling method™*!
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Fig. 14 Schematic diagram of experimental setup for ultra-
high-speed simultaneous OH and CH,O-PLIF®

Nikkon
lens

HAFH Sk RSN 210 mJ /9 1064 nm
{5 EL AT Burst BOGAAE MR IR . ISR
A2 SRR TE AT A 5 NI ECET SR TR A Y H
I HE N 0.3 em™ FUALLE IR KT Ik B
500 A A2 45 B A BR ] 2 18 ik ) 4% i )
J2ms FRKPGEE N 15 ns, Zat KDP =45
JE BT e Kk b EE A 80 mJ Y 355 nm 48



5 >

1027

HNEOEE H . 4 355 nm BOE I OPO 7= 4
568 nm IOt FA ] BBO f A A5 45 523 350 wl
Bk b e Y 284 nm BOEH . HAY 6 mI )
355 nm WOL A B R $ )5 5 284 nm UL EH
G il B EEIE N Rt EHE KGR IX
B, HT ERRG SR [55] X 2 LR A48
Féds (LUPJ burner) /A= B KA AT T 2 H 0 W
T IR I X 3 ) CHLO 3 5 36 T 3%
I 3 +7 AR (laser Doppler velocimetry LDV) 75 %]
) CH,O ¥ FEHEAT T X B63E T i3 R AR i
SRR DU S FH A T A TS

BT 3R B 9 R ] SE B Burst BECAk 5E
T G R AR i 2 ) R A ik e ]
PLSEEE Burst #E3X TAE . B T8 Bt o R
BN lE A Z T RO R G T
Sy EVE K e B O . 2018 4F SE E A A
SEG % Sukesh 45 AP HGE T 5T OPO s
()= 4 OH/CH,O-PLIF A%t %A GH LA
il %% (Acousto-optic modulator, AO) ¥ 30 mW HY
1064 nm LG5 EI, 10 kHz BTG 4 Bk Burst
P MIGET SR B4 5 mm (A EXT R )
Nd:YAG FRZE 1 m) S2E02%E B0 15 frs .

260mi

| AMP AMP
- 9B8mm T 9.53.mm | Leg3

— " ___[ Log?2
250 mJ L Piz -
PBS2-= I From MO
PC1 ' PBS1 -
AR g = >
i ‘ i S5mm ~ J PreAmp
( l|

420 mJ 355 nm
700 mJ__532nm
1000 mJ 1064 nm

K15 =& Burst BUHOE RS

Fig. 15 Schematic of the three-legged burst-mode laser

system®®

SCHR [56] 38 2 35 5 R & 18 il 50 ROk v
TR RIS B HBARFENBRRS, &
26 T PN Bk i 28 UK 5 N O AR S i
PBS 4Tk Legl KA i = AT 2 HORHI
R = A UK e RE LA 20 m 1) 532 nm 0.
AL 5 A ko A OR B Zad 3R 70%
(1) AT 44% (1) = A0 5 a1 355 nm 0Ok
$51% 355 nm kb x5 A Leg3 UK ZE 260 m) J&
A H AW OPO 7 /E 620 nm IO {620 nm 5

532 nm FB 5 18 D) 55 B0 ERL TR b BB FE 58 S m 1)
284 nm LAMi . TE Leg2 it KA 355 nm H
Pkt A 110 mJ £ESCHER 8 Tk CHL,O
PN, MER LT Lk o F RO X i i 5
TR Be B AR B K AT T PIV Al OH/CH20-
PLIF WL . 4% SCHik [S6] k38 1% & 48 fe e vl 16
500 kHz W F TAE. % RERRIEET TR KA
B2 B T SR B

2020 4 3E[F Spectral energies Z3F] Paul A7
fitif 7T OPO J7=U S LAY A =y ik 2 MHz 1)
OH-PLIF %%t. OPO ZEiH iR A TAEAE Burst 5
2K A [a] i 355 nm A 532 nm B4 5E IEOG
i WnE 16(a) FRET, FEIRIIRG 5 0T b
Pa T £ 0 F OGO SR B S AR B AR K
() 1064 nm FpF %38 1 B BOC LR K HE AT D R 1
K. SCHR [57] &40 ZE0REF Rl DA B4 —
ASFE G 22— R T B P50 L . 1064 nm
WOGE A R RS = RIS 4 mm K
Nd:YAG g R4 8 B RO e 2 597
J& 1% A P UG i i 9.53 mm K% Nd:YAG
A AL ROl o SEIRAE UK b AR 2 E) 1 1%
T EZE PR RO s T B RE =R
RAVEBENAL . J5 B RO H YR 12.7 mm Ak
AL ke AR AT AEEA S BCORHTE
B ICBEHEAT T R AN, SOk [57] kR T
theta 1 phi 4351 & 90°F1 0°fY 30 mm K LBO fE
h AR AR A L TTAETE 149 °C DiAEIG FARAL
DETC Y 77 S IR A 30 4 A RO 5 R U
—iif i theta=44.6°V1 %] TAEIREE N 60 °C 1Y
LBO ff & AT &y Y 355 nm 0% . 76 100 kHz
1 MHz #1 2 MHz M0~ AR RCR 53 R
76% 68% 1 46%. 1 MHz F 532 nm Fl 355 nm
(1) d5e RSBk v BE 1 40 31055 96 mJ Al 60 mJ, FEF
FRBOERSE Paul %11 T H BBO fbiAhAEL M
BRI BRI 4 cm 264 OPO i i I
Bl HLA 850 nm AP FOLHEA OPO SEIAELL T
Byl 4 40 mJ fER K 355 nm ZZ{# OPO 7= 11
609 nm FOE5 20 mJ FEEAY 532 nm JEIE AR
M 284 nm FOLH T, FEFE 16(b) TR RSE
Paul X} &% 10 s MR BE 1 i OH SE A% T PLIF WL
JFAIF S MHz 2% OH-PLIF R4 1l 171 Kk
EIWIE RS UM W % NG



1028 17
(@) (b) Burst mode laser
. M 1064 nm
B S 500ster Amp 3 & Booster Amp 4 - SHGTHGRN >
' > _ JLlaserlap TSRS
: Test cell’
) Vacuum cell ’_’ — ;
—H =4}
1.3% —
V;, H Booster Amp 1gg Booster Amp 2 .n

Vacuum cell

ol
3B

Oscillator

Fiber input
[§] 16 i OH-PLIF L34 E/RE K. (a) MHz ZEHTEIGREET (b) 5T OPO-burst OH-PLIF (e AR ik e 50 0 256 E 7

(c) OPO J: s[5

Fig. 16 Schematic diagram of the high-speed OH-PLIF experimental setup. (a) MHz pump source optical path®”; (b) OPO-

burst OH-PLIF based rotary burst combustion experimental setup; (c) OPO optical path diagram!>®
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Fig. 18 OH-PLIF experiment setup with Ti: sapphire. (a) 283 nm UV laser based on titanium gemstone triplex realisation;

(b) Bunsen burner detection results!*”)

1 OH-PLIF

Tab.1 Performance Comparison of UV Lasers for OH-PLIF

Year Operation mode Repetition frequency ~Wavelength ~ Output power  Pulse energy  Conversion efficiency
200718 Rhodamine +SHG 10 Hz 283.92 nm 0.06 W 6 mJ -
20074 Rhodamine SG+BBO SHG 255](1;1{; 283 nm ﬁg ?\X ;g E g:;zﬁj
200944 Rhodamine 6G+SHG 1.5 kHz 283 nm 0.82 W 0.54 mJ 1.6%
200911 Rhodamine 6G+BBO SHG 5kHz 283.2 nm 0.5W 100 pJ 2.6%
20101 Rhodamine 6G+BBO SHG 10 kHz 283.2 nm 14 W 140 wJ 3.5%
201447 Rhodamine 6G+2*BBO SHG+MOPA 50 kHz 283 nm TW 0.14 mJ 3.5%
20181 Burst/Rhodamine 6G+SHG 20 kHz 283 nm 1.8 W 90 pJ 2.8%
2018*1  Burst/Rhodamine 6G+MOPA+BBO SHG 7.5 kHz 282.985 nm 16.5W 2.2m] -
20181 Rhodamine 590+SHG - 283 nm - 12 mJ -
202011 Dye laser+SHG 10 kHz 283.9 nm 1.6 W 0.16 mJ -
200982 Burst/Seeding OPO+BBO SHG - 282.97 nm 02W - -
2017 Burst/Seeding OPO+BBO SFG 10 kHz 284.005 nm - 3mJ -
201754 Burst/Multi-Y AG+OPO+SHG 50 kHz 283 nm - 2m] 1.25%
201783 Burst’OPO+BBO SHG 50 kHz 284 nm - 350 W 0.7%
2018P4 OPO+SFG 10 kHz 284 nm - Sml 0.7%
20201 Burst/Seeding OPO+BBO SFG 1 MHz 284 nm - 400 wJ 0.6%
202057 fs Ti:sapphire+ BBO THG 1 kHz 283 nm - 90 W 4.5%
20231 ns Ti:sapphire+LBO SHG+BBO THG 1 kHz 283 nm 0.56 W 0.56 mJ 2.8%
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(11 KB4, Tk, Fiaik, F. BRI SIPURIEAEN-PLIF R0 ERTFE[T]. et K 2024 45 1 2210098
WU G H, YU X, PENG J B, et al.. Simultaneous measurements of OH/Kerosene-PLIF in scramjet[J]. Journal of
Propulsion Technology, 2024, 45 1 :2210098. (in Chinese).
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