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Transient detection of hydrogen atoms in flames based on cooperative

multiphoton—induced fluorescence with femtosecond and nanosecond lasers
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Abstract: In order to accurately measure in-situ hydrogen atoms during the combustion process of hydrocarbon fu-
els, this paper proposes a strategy for transient online detection of hydrogen atoms using a femtosecond-nanosecond laser
co-excitation method. In this approach, hydrogen atoms in the ground state are excited to the 2S level through a two-pho-
ton process using a 243 nm femtosecond laser. Subsequently, these hydrogen atoms are further excited to the 3P level by a
656 nm nanosecond laser, and the fluorescence emission from the 3P-2S transition is detected, enabling interference-free
transient online measurement of hydrogen atoms over a wide equivalence ratio range. Experimental results demonstrate
that the femtosecond-nanosecond co-excitation method effectively reduces the interference of hydrogen atoms produced by
laser photolysis on the detection of in-situ hydrogen atoms.

Key words: hydrogen atom measurement; femtosecond laser; laser-induced fluorescence; online measurement

o 5% R FH T M 2 5 ATl AR,
= B, BETERR SRR B HLIE R TR R
W EUORHE A SRR I A, B MR R (RO LTS R . AR

YR B 2023-12-20; fEEIBH: 2024-02-20

EEWR: FE%ARF 7RG H (U2241258, 52276164)

S| AW I, Z0NIE, WA, & T BB S MR EOLTNE 206 TR IO0N JOGE T &R bR
ARMLT] AR, 2024, 44(1): 88-93.

Citation: LI B, LISY, HAN L, et al. Transient detection of hydrogen atoms in flames based on cooperative

multiphoton—induced fluorescence with femtosecond and nanosecond lasers [J]. Metrology & Mea-

surement Technology, 2024, 44(1): 88-93.




iR

AT - 89 -

(Hydrogen atom, H) 2k SR RHA be 5 =X 5 1 IF i3
AVGESE B T S h A i, X TR AL 5 4%
HlBRpE L P A S 7 [, HIEHEIEY
A oA o, RIS H i e A R AR B A
ARG G AR IR AR S

H AR 4 AR B S ik SURRMIR R it 72 H R BIFSY
PEOEECHE S, AHOCRME N AR TV 2] DL
PR BE I A HAR I BB, il . 32 00 S 4
AR A ROCIEH AR L WOLTE SO
AR WOLHEFTOCHAR S, b, BOLE S
PGB PR H: 5 I 25 43 9 48 K v 1 R LU A9 Ry i
(CES I A EE

PRI Sy ST 1 R 2 5 8 — I 25 1 RE % 1]
H10eV, LA T HOCHE R IOLE ST
LT K o Goldsmith %5 N "2'84 DA — 3K 243 nm /Y
AFPHOGIE A SO o B O B 2S e, B
JEFELA—3 656 nm B RPHOEHRE 28 RES A H g —
PO E| 3P Hed, S Balmer-a B2 & T,
SCHH MR . T SRR IR, Goldsmith
S NP IF R T R T ORI RM OB H 200
FERMELA o ZH AT 486 nm BOG S I A5,
B H RO 2] 4P GES, 18 1 WL%E Balmer- 2%
JEERBLH R . bR XA =0 IO F 98t
AR, AT RASEBL IO T H A (5 M LRI . Alden
NI R T A =01 H IR O 9O0
FeAR, FIH—H 292 nm B #O6#E T =8 iR,
B H Bk 2 4P REZ, IR I Balmer-B 1 ¢ )% .
Lucht & AU 8 LA — 3 205 nm OGO ¥
B, ST H 2O,

B4 H B BO6 T T 26N 206 7k 72
JIT ARG B8 e WO RE B 25 A RE S BRI AR
WEbE . H2, 7ERREMEHRBE R, mAEEE
FEMBOG 2O G RBE PR, AR B, X
JHET AR H RGBT, RO IR E
Wi 2R 6 1Y R T ATE B0 G RE A4 B0 T A &L
FETEROE TR, AR HEOLE S 9O6 IR
0 2o i OGO AR TSR A T — Rt gy SR
Parajuli % A" LA 205 nm [ CFMEOE S T = R0R
H RO HOGIE R 2OCERN , Hall A W —
HRETHEARLH THYE W&, (HE, Bh
205 nm [ EOE 243 nm Y HRSEFRER T &, FI

P 243 nm CRMHOC RO 74 H UL B 2S e 2B s
TR — A HOCRH HE— 200k 31 3P 5 4P BRI
Femg, w2 RO T, EARTR
U Z /T TAES, 8 DL AN ™ 42 1Y) 468 nm
() KD B A, DL —AROE S T b/
25 SR SR KOG T H g e g™, B, W
Sk 2S-4P (B R AT B BT R, BT DAZE LR TE )
PRPFOCA T R EOGRE B N . SORHE
=, [RIET DOR AR A O RE R, BRARAZ I
TR R 2

L, $2 0 CRD-gh RO PR IR) 3R B HER
AR BT H CREOLZ T g%
JEHEF L B, Dh—A 0K N 243 nm
(1) CRP O 2 3 RO T BB HBOR 31 2S ek,
B I LA — SR 0 K 656 nm BN FDIEOE RS 28 fiE
P H ik — 0% 3] 3P RE 4, 18 34 WL 4% Balmer-a
DL KN T A H AT bR S 2E 4R

1 KW

TKRP-GNRL ORI A HAE G SR s A 1(a)
Fi7R o A0 F IS B H 28 243 nm KAMHOL ) X0
TR BT S 2S ReS, B, X4 T 2S Hegeny
H - AP0 % 4 656 nm B 48 FDIHOE 506 F 30k 5
3PRES o 3P-2S By BR AT o 7 2 Bk O B K 7R
656 nm [, A HRIMZ 2, R AT SC 3 K pgE
JRAE H B TE TR

SEIIZRED -G ARD O P R K Y S0 2 PR
WOLRS . MMRARG . (55 RERG D LCE WG
YN, WE1(b) R, Hep, bR
243 nm B CFMHOG R B OREP IO ER (Spitfire Ace,
Spectra - Physics ) 1Y & 4 0 58 1 Ot 2% 2 2 UK 4%
(TOPAS-Prime, Light Conversion) J= 42 i), 7E 3L 4
JCREFEZ N 6 mI B, 243 nm () KEMEOGRER A N
15 wl; O N 656 nm FAFHEOGH Nd © YAG
WO AS 2 A5 W0 A8 T A J9kk R DM HH B35 T 1) 2 ek
BOE#% (ND6000, Continuum) P24, 656 nm A 44 5
WOLRER LN 1 m). PIRBEOEZ T — A A5
TERI X B S, CENEOE AR RE D 500 mm (1935
BRI, IRNEOEARE, SLEAA 10 mm, K
FROE 5 WAPEOL R B P o — B RS R
#¥(DG645, Stanford Research System ) #5l] , fEW R



- 90 - EFREIARF(UEE

202445 44 % % 140

4p
. 3p
£ £
w = =]
“gl gl s
o O
A A
a . . 2S
£
=
X
(o]
1S

(a) $FD-g8FD B[R] R SR TR SRS
(a) Fs-ns laser synergistic excitation
H-atom detection strategy

(b) LR BRI

(b) Schematic diagram of experimental setup
1 RO I RIUR SRR SR K St g e 8 ]

Fig.1 Femtosecond-nanosecond laser synergistic excitation of

H-atom detection strategy and experimental setup diagrams
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Fig.2 Experimental spectra obtained under different strategies
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Fig.3 High spectral resolution spectra for different

laser excitations
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Fig.5 Imaging results in flames with different equivalence

ratios during femtosecond-nanosecond laser co-excitation

TER SRy ZE AT, BRI T H B2 B b
HHE M, DI 100 YCSMR RAR 45 R B 2000
JE P B bR 220647 1 o3 Hr, SR AN 6 Brs .
Horp, BREZDE DN SERNA HIOLE S, 46
SE4h GRI3. O HLEH 545 2 A9 AN [R] 24 4 b 2% AR 1
HEER 8L, Rt 1. 2 s B

X FEEIE P TE R b2 [ a, HAn R
BE FEAE phi=1. 2P IA B, LU HE 5k i

18F ~0.0008
O Experimental data
16} GRI 3.0 10.0006
:3_ f=}
s S
= 5
L= 40.0004 £
2 14 %
i*)
g 3
E g
= {0.0002 =
= 12F
40.0000
10}
06 08 1.0 12 14 16 18 20

Equivalence ratio
Bl6  LIF{5 5 5 SR 71 XS L

Fig.6  LIF signal intensity versus H-atom concentration
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