’5‘54%; W % 5 8 W o

Spectroscopy and Spectral Analysis

Vol 40,No. 4,pp1018-1022
April, 2020

FA 52 /2 37 A0 i o TR N M OHL” #0 CH j L = & e 4 1

x|z, BAET, HRKE

= B R R s REBF 2B, WM Kb 410073

W E AR ROGRRIE X JOASE W RS B HEAT RAF A R AE B A 2 K ot R i KR SR AT I o Y
FEA D . S T BB A MBS R R G AR S . Bt T AR RS TR Be AR . il AT TICCD AH BRI AR I U I
FARECT OH™ Fl CH™ iyt ZOGEMG . X Be /28 52 0 i I TR JCIA 0 f 22 OGR4 T 58, OF
FUR A G B W B L SR X5 EL L W {E 55 5 006 AN [R) 0 A Y o L i) OH i CH Y 3EAT R AE . 45
RFZH, JZRE OH" f1 CH" a8 AFE, iR aERSE CEN S muEGn —8. BE Y5
L3R, AR T OH™ R CH™ #4434 e J3 0 12 B 0] 88 19 R 34, {HL3 I A 15 4 e SR B A 0 1 22 5 W o
125 Ak ¥ 3 55 40 A v FE LT — 3%, AR OH A1 CH ™ i 5 A48 il S W AR o 3 S 7 X e AR J2 3 F i V7
RETFWRAT MR : NFRBIE R, 20T i KT 0.1 AR 0.05 IR, T i i 7 0 ey 0. 05 k5]
0. 1 LA b 3 B 0 % 23 08 BsF F) J9R 408 o g A6 410 i 4 T A6 B BA B B e i AR . D3 4h . OH Fil CH™ iy g
H A5 AL FT DAY O B s RS HEAT W, H CH® JU o W . B 5 & L3, an SRl 55 75 B . AT LA

R IERJZ AR 5 0 SR e B 326 0%

D) i IR A o LA T B A 2 A L O R

PLOH" F1 CH* Byl

PO AR A, 4R T AS [ A% R R A 2 e e X 2 B A AR AR A — G R S i bR 1A [
I 35 2223 B EAT A5 Y IR b IS 2 A 2 RO B2 T R B R X

KW AL RO WORAE Al G K b2

FESES: 0433.5 XERFRIZED : A

51 5

BRI A2 Rt SRR 2 Ak A O R T A R
A AL, S IRAT AR O R RO g, W
B JCHE R TS B m 3 R BRI Y 308 nm(OH ™ ) Al
431 nm (CH* ), OH" W i ¥ % A R1I—R3 = & i& %,
Gaydon %" I B & JEH Rl JE7F7 48 OH 19 £ b2k
s AAKME R OH T Yy 7= A s 42 ) 32 8 2y = {A Bl 48 )2 Big
R2MT &S R B, OH £ W Be ¥ B SO T A 4 4 A
X, 4r5lth RLAR2 =4, BEMF T O, & mARE (dnas
0. RIBFE®RRZ, SEmn, REEESMEM. HH, K
YRR R T 2 800 K i, #AM R RN R3 Ul = Sk at . it
F CH" , R4 — A b2 £ F MY . Elsamra %7 i 58
T, EFURKEE G RS BBk K, I — e R R
M T R4 B HEAT . A CH A 2R b i & ik 42 R6
[ REAEAES

WiE B : 2019-03-22, {&ITHHEA: 2019-07-18

BE&TH: HEAMRPEIEETHE (91441121, 11272351 ¥F 1)

EEE T X
* IR A

e-mail: jlanguotan@nudt. edu. cn

B+ 1995 452k o (5B B A 2 TR 2 B WL B

DOI: 10. 3964/j. issn. 1000-0593(2020)04-1018-05

CH+0,—~CO+OH" R1
H+O+M—->OH" +M R2
OH+M—>OH" +M R3
C,H+0O—>CO+CH" R4
C,H+0,—~CO,+CH" R5
CH+M—-CH" +M R6

Ml BB R P I EE SR EBUR JUA PR
OH" I CH" By b 3t k1T RAE A T Ao 5,
Hardalupas 25/ TAEM 6 o 28 o A58 1 AS [ ML 4
AR OH" il CH™ Ik BE L o SIRAPRFF IR .
B2, KHR S 5040 2 B 58 2 I8 JCE R AT . HL R BF 90 3 2
BRI W] O T il A M Hh A 27 R DGR P B BIE S R AR R B2

DL 6 /28 S8 it BIUIR KM S BIF 5 0 48 a0 1 A [ 43
iR BE G I, KOME 43 0] A T2 O A AR S OH A
CH™ ik "2 ROURe L, 58 1 X 5 56 4 A 2w, 15 5)
T RGBSR 1 FV B 3R T A« A2 RO
FEHRAE o MR TR, HIE i i SO 116 2 & e I 5 $241E

e-mail: 17667179477@163. com



543

A 5 4 BT 1019

GECES S
[ At

1.1 BMERFEMEEL TR

B I RA ST I B e B I 1B 1 BT R, EE N TR K
AMTRIR I« rp O S0 IR M L ST T P AR A L R A BEL R A R
HABFF A 8. J B Ik 2 MBI, 76 55 W s ] J A
BZALEE R 7 A RRE W T JOHE R IR DX, DA 4E
RS SR E M BE . STRBEME O EAR N 1.5 mm, A
HEAR 4 mm, HHOFEEFEY &S 1 mm, DI/
PR KNG O KK B S PN A SROTE W R EE 4 0 Sl 170
150 mm, ARSI, TR R S5 AR TR G . F
I T T A ) 7 2 AR

4D ER TSP A Wy = o I I T R
SE AN SR B . SRR B KRR AR W BR AN B S S
T J30) 388 i) SR A S T A K BV R 0 6 K
JE R RT-T HE o SRR AT RE DD 52 . P RR T THT K MG 25 A
PRAFAAE, M OEER 0.1 me s, ML oh 0.9, J
KA ELEE 2RI I T FOIRAS . B 5% o Al Re XL KOG
R, HLRISTEY T AL AnEE 1 iR, SLM ARERRI T L -
min ', MBI A Re 7E 3 000 Z2477%, A Tk 1—8 )2
W TB09—16 Mim R A . o RS TH 5 2k Re 40 5l B X
(DA (2) 153

_ AP, Ven,
¢ = AF = 9.52 V.

Arf, (A/F) b =R, A/F HSBRaREL . Ven,
N AR, Ve IS SRR,
Re — 44 )
/l
A, o PRI EE, d ISR O ER. o 3l Ik
B

D

A g

Rk i o

WL A

i 5451
VRS

Kbl

K

B1 ##MeRmERrER
Fig. 1 Schematic of thepiloted jet burner
1.2 =ZxLEXNE

RG2S R Ia i m & R4, EEh M & ICCD L.
BEk VOB R T B AL RRE N 4 R ke AH R, 2 Sk g

F1 IR

Table 1 Operating conditions
. u/ Veu, / V!

TR e SLM SLM ¢ Re
1 25 0. 14 2.29 0.6 1997
2 25 0.19 2.26 0.8 2003
3 25 0.23 2.23 1.0 2 009
4 25 0.28 2.19 1.2 2014
5 35 0. 20 3.21 0.6 2 959
6 35 0. 26 3.16 0.8 2 967
7 35 0. 33 3.11 1.0 2 975
8 35 0. 39 3.07 1.2 2 982
9 45 0. 26 4.11 0.6 3 908
10 45 0. 34 4.05 0.8 3918
11 45 0.42 3.99 1.0 3928
12 45 0.49 3.93 1.2 3937
13 55 0.32 5.05 0.6 4 895
14 55 0.42 4.97 0.8 4907
15 55 0.51 4. 90 1.0 4 920
16 55 0.61 4. 82 1.2 4 932

o, PG ICCD ML FRBCE . 43 5% OH" #1 CH" #4740
B, BEOCRT IR E R 2 ms, # 2R {H K 800, XFF OH" , fE%
HME Sk i Jn 2 bl P S 310nm (1 3K 3 A (Edmund Optics .,
RIS 349800 X T CH™ , iAo Ky 430 nm A8 A
(Edmund Optics, 15 65198) ., FE4 5 HER K 2 060X 2 056,
BER M K/NH 54,3 pm,

OBRRT S8 RUBRT- TR KM SR AR 1Y SRR, P U RO ok
YRS 56 A UG, T 0 25 15 s OF R AT (B BB Dk b 3 Bp T
T BR AR 52w . 45 B ot S 5 KO 1 A2 R R B .
X R AN AL 100 MR S, R Matlab % H K B {8 BT
BIMH . LIAS B3 0 KB TE 8347 4047

WP

ICCDARHL ICCDAAHL

e

B2 {UFEANERSE

Fig. 2 Chemiluminescence measurement system



1020

AL E PN

5540 &

2 HERAGHE
2.1 OH" 71 CH' M5 fr 451t
TSR DU A TR 3 E R G I, BT D b2 BB
DA B R T AT KA 25 M 06 AT 2R AE . B 3 () AT (D) 43 51
T4 AT 12 af, OH" 1 CH® Wb & 6B 1%. Z i
W, OH" py# ik B B & T CH , b R X EPT
KGN, WA AL B R T A R s CHY W R Z 401 Tk
AR R TR, KT O . H O R W X Wi 8 K+
OH" ., Wi, A TIRAG MR, —H e EAAH DG,
ER = R W s T S s b T (8

N F LN, & Vel P, W {E A & y, . 430
EE h FRSRNIX (5 E s PSS, AR 3 TR v FoR K
SRRl = B, T O RO . S KA Rl i OH
M UH — A6 R G 38 BE A3 A .y, B BT A 9 i BE . I (3),
Horb index fCRBUM R M AL bRl . B TAE P i S 423 5 5
PRAS AL, 78 SCHH ) SR IR R R R Sy 2006 P AL B (B
LR s WK D PR, max FRBUR KE. 2 X s kiR
B IR A LR W A, (5D, SARF 80%
P IR E SB e HRTF 2000 P BR 2 S5

v, = index(P) (3)
h = max(index(0. 2P)) 4
s=m/n (5)
0 4000 8000 0 5000 10000
T | J/aun T | J/au.

k (b)

0 0.5 1 0.2 0.5 1
Normalized / Normalized /
(a)
0 5000 10000 0 5000 10000
HET 0 | /. Ta.u.
100 [\ (b)
Y ’
75
)
g
£ 50
25
¢ 0 0.5 1 0.2 05 1
Normalized / Normalized /
(b)

B3 OH' (I)fCH (I)5%, y, Mh EXREE
(a): JAW L 45 (b Ji i (LA 12)
Fig. 3 Distribution of OH" ( [ ) and CH" (][ ),
and definition of the y, and h

(a): Laminar state(case 4); (b): Turbulent state(case 12)

2.2 ERMERRETHAREHE
S AT TS T I OH Y 1 CH ™ 48 S 4 Pk 0y 5% i

O NCIRTRN
W16), w4

i I«

Yoo 5o PR @ MAMLIEAT MO (0 1— T
B Herp st R AURIZ W A28 1E » HEZR AR

100
80
B
E | —
S g T—° < OH* =45 m's™
oo OH*:u=55 m's™
—e— CH*w=25 m's”
20 —e— CH*w=35 m's”
e CH*:=45 ms”!
-0 CH*:=55 ms”!
01— : ; : . - '
06 07 08 09 LO 1.1 12
{2
1004
(®)
80 - A
601 =
2 L —8— OH*:u=35 m's”
R Qs
./ - OH*:/=55 m's”!
o —e— CH*u=25 m's”
20+ —e— CH*w=35m's™!
e CH*:u=45 m's™
—--@eeee CH*:=55 m's”
0 . T T T T T u
0.6 0.7 0.8 0.9 1.0 i 5| 1.2
4
—=— OH*w=25ms"
0.20 (C) —8— OH*u=35m's"
@ OH*:u=45 m's”
0.164 —-m-- OH*:u=55 m's™!
. —e— CH*w=25ms"
—e— CH*w=35ms"
0.12 4 - CH*:u=45 m's™!
) ® ..o CH*u=55ms"
0084 =
[
':: """"
0.04
0.00 1— : . . - ' '
0.6 0.7 0.8 0.9 1.0 1.1 12
4
157 —=— OH*w=25ms"
—=8— OH*w=35 m's” @
@ OH*:=45 m's™ ..
124 = OH*:u=55 m-s"
—e— CH*u=25m's”!
) —e— CH*w=35ms"' o
5 99 e CH*u=45m-s"
"ﬁ - CH*:u=55 m's™ e -
SR .
3
0 T T j j

06 07 08 09 10 11 12
9

B4 FEublfOH 1 CH Bk (a), y,(b),

s (¢), P (d)fE o B9
Fig.4 The h (a), y,(b), s (¢), P (d) of OH" and

CH" with increasing ¢ at different u



543

B 4Ca) JBR T AR wif OH" il CH™ B h B o K724k .
[ — i T iy OH" i CH (¥ A ¥ o B4 K ; H CH
BN F OH™ . AR H . B ROR A, A iy
P RAE, e AR 22, H OH" ft CHY fy 43 fii #a T
—F, X 5E 3 MEIE B 4TI g i R K R TR
SRS o XA IR 0 5

Yy BB TR T AE . HEBE o (AR Ak W&l 4 (b)
iR, BARTE . v, 5h WML ME . ASF R HE,
BE o B, FLim o B4 o P 4% . 3R B PG R B R R3 A
R6 WA =AW B m, OH" fl CH™ (% 3= 548 B I R & A4
Mg

ME AR LIE W, BN s b o 22T Bl #, i ikt
MR EFEH, £ CH 2L PRI 8. Al
& FRRAET . ik OH" & CH™ , 2 s #iit K
T, B RRET U IE A A . X F WL i AN RR B Y A B AR
FRAEAS JOHE SR8 9. 90 98 DT 3 K T 42 fioh T BRURITIR & R
JE OGF BT BR R e IR A A TR A R 2 A RS A
A AU A5 SR 1 5R

[ A Bt i 6l 1y i (PR AR Tk B A R K . i 4
(DFFR, BRI, OH" F1 CH" i P #52 e K B AL, A
A Z 47T OH" 54T s ¢=0.8, T CH" 2y o=1.0; T
Tt i, PR o BEENE, CH" MAS LU BE . ATLLAH
P i @ SE38 K5 /N B KK 2 G B 3 B KM D
i o

WFTSCAT b . R AL 2 & et 24 5 A R AE B B LA
fief o {HL K 22 B 58 6 AR [A) 1Y) o 5 B2 43 S0 R B B9 LA 2 &R
K. B 5 BR T AR w i) OH" Fl CH" (U fE Lt Pou- /Pen-
B o AL LA R AR 0y A b i e — B, AR B
5 u#56: HAR S T 0928 4k il 4 28 F (0. 766, 0. 929) X
— 8. Plufo A aAR, DANARM Pon: /Pon A4,
PLC0. 766, 0.929) Fy [ 7 o5 s FIHARL M /D — ik 8 T
ML RE R =0.98 YL ZR
Pou /Pens = 0. 929exp[ (o — 0. 766) (0. 049 7u— 3. 68) ]

(6)

W o Fw AL R U 55 00 W (B 1L 5 00 & 95 21 ) iR
FAHIT 102, FFR6) . AT o B, B2 KOG
SERM @ R, T A @ WAl DL« BEAT .

References

e 5 T 1021
1.4+
—a— =25 m-s"
—a— y=35m-s"
1.24 e u=45 m's”!
------- o u=55ms’
1.04 T

-
(0.766,0.929)

0.2 T T T T T T |

0.6 0.7 0.8 0.9 1.0 1.1 1.2
4

&5 Z;IEMNPOH’/PCH*BﬁlPE(JQ'ﬂﬁ

Fig. 5 Pou* /Pcu* with increasing ¢ at different u
345 #®

DUt / 25 S WU K G BT %, BT 2
WA RCARAST OH™ M CH™ fk2f & 6 i A 4, Xt o A
o WIS IPEAT THHE . SRR,

(Dt MR A MR m T OH" f1 CH' MAmER.
ZHint, OH" MRS A E 5T CH , &0 R B IX 4 $
FXIGTF B v, T CH 5 CHY W EEM i T MG T
it PRF OH" . I &0 Ay v, 0 BN X HS H 4
3.

(DU TIEFME T o B, B o 3K, AF u it
OH" #1 CH" [y h #ly, AREATH BN, (AiH G AR KA
FERMTES L., v, 5h WFEEZER—ERE KRR OH
A CH (9 F 3 A U R PR A2, B R 2 Ok IR AR 52 )

(3D it A0 0T ZT MR SF 0 08 0 IS g 7 410 o 4 TS AR e
TEHEER . 2 WA R s B @ BB S E AR, B
oMK, ZA CH" s A 0. 15 B&#] 0.05 LR . i 7t i 0l
B 0.05 73] 0. 1,

(DU P Ay7E {6 R U R 2 W SR B R R4S . P K
@ WG R I IR, KA R 2 TR s B 338 1 i 0 ) Ak
JE I R

GOBFNT AR « i F 7 OH" 1l CH W R RAE
Mg — kB2, TLAHTHE « A Poys /Pens B ¢,
LA @ Bl Pous /Pens KA w. fH I R AR T AHF
SIS TG 2 B W& e W i — B 5.

[ 1] Gaydon A G. Flames; Their Structure, Radiation and Temperature. London; Chapman &. Hall, 1979.
[ 2] Gutman D, Lutz R, Jacobs N, et al. Journal of Chemical Physics, 1967, 47 5689.

[ 3] HE Lei, GONG Yan, GUO Qing-hua, et al(f]
2018, 38(3): 685.

.38 &, FPERAE, 48). Spectroscopy and Spectral Analysis (%22 56385 40 1) .

[ 4] Kathrotia T, Fikri M, Bozkurt M, et al. Combustion and Flame, 2010, 157(7): 1261.

[ 5] Hossain A, Nakamura Y. Combustion and Flame, 2014, 161(1); 162.

[ 6] Sardeshmukh S, Bedard M, Anderson W. International Journal of Spray and Combustion Dynamics, 2017, 9(4): 409.
[ 7] Elsamra R M I, Vranckx S, Carl S A. Journal of Chemical Physics, 2005, 109(45): 10287.

[8] Leo M D, Saveijev A, Kennedy L. A, et al. Combustion and Flame, 2007, 149(4) . 435.



1022 i 2% 5 61 43 Hr %40 %

[ 9] ChiC, Janiga G, Z? hringer K, et al. Proceedings of the Combustion Institute, 2019, 37(2): 2363.
[10] Liu H C, Sun B, Cai W W. Optics Communications, 2019, 437(4); 33.

[11] Panoutsos C S, Hardalupas Y, Taylor A M K P. Combustion and Flame, 2009, 156(2): 273.

[12] Hardalupas Y, Panoutsos C S, Taylor A. Experiments in Fluids, 2010, 49(4); 883.

[13] Zhu H, Hu C, Guo Q. et al. Experimental Thermal and Fluid Science, 2019, 102(4): 595.

Chemiluminescence Properties of OH" and CH" in Laminar and
Turbulent Premixed Methane Flames

LIU Yao, TAN Jian-guo® , GAO Zheng-wang
College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China

Abstract Chemiluminescence is an inartificial indicator of flame structure and combustion processes, but the study on the
measurement and diagnosis of turbulent flames using chemiluminescence is relatively rare. A piloted jet burner was designed to
investigate the chemiluminescence of OH”* and CH” in laminar and turbulent premixed flames, in order to study and develop the
turbulent combustion theory further. Chemiluminescence images of OH" and CH" at varying velocities («) , and equivalent ratio
() were captured by employing ICCD cameras with filters and characterized by the height (A), the peak position (y,) . the ratio
of the intense reaction zone (s), and the peak value (P). Results show that the distribution of OH" is different from that of
CH" in laminar flames, while the effect of turbulence leads to a similar distribution of the two. With the increase of ¢, the  of
OH" and CH" rises monotonically at different speeds, but the increasing trend of turbulence is relatively gentle. It should be
mentioned that the variation trend of y, is consistent with the &, which indicates the dominant formation reaction of the radicals
remains unchanged. The performance of s in the laminar and turbulent state is visibly opposite. From fuel-deficient to fuel-en-
riched state, the sof laminar flow decreases from 0.1 to 0. 05, while that of turbulence increases from 0. 05 to 0. 1, suggesting
that turbulence acts as an inhibitor and an accelerator under fuel-deficient and fuel-enriched state respectively. In addition, it is
found that the P of OH" and CH" can be used to judge the flow state of flame, and that of CH" is particularly evident. As ¢ in-
creases, if the P rises first and then decreases, the flames can be considered as laminar; if it increases monotonically, the flames
are turbulent. Taking the u and ¢ as independent variables and the peak ratio of OH" and CH" as dependent variables, a unified
formula for quantifying the ¢ by chemiluminescence under different u is proposed. It solves the problem that it needs to be fitted
separately at different u, which is of considerable significance to the subsequent research on combustion diagnosis based on chem-

iluminescence.
Keywords Chemiluminescence; Excited-state radicals; Turbulent flames; Combustion diagnosis
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