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Studies of Chemiluminescence Spectrum in the Optical Cavity of
HF Chemical Laser
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Abstract ; Chemiluminescence is an important method of measuring parameter in optical cavity flow field for HF/DF chemical

laser. In the process of increasing H2 flow rate, the changing of the chemiluminescence in visible range in the optical cavity flow

field of discharge driven HF laser was observed and recorded, and the spectrum of the chemiluminescence on the optic axis was

measured. The component particle of the gas in the optical cavity was analyzed theoretically, and the high order overtone spectral

line of HF molecule was computed. It was found that the spectral line of the transition from 3 order vibration excited state to

ground state was in infrared region. The measured spectrum of the chemiluminescence and the spectral line of the particle was

compared, discovering that the yellow-green chemiluminescence was formed by the radiation of the excited F, He, H, N, HF and

other particle, which corrected the explanation in some classic literature that the yellow-green chemiluminescence was formed by

the 3,4,5 order overtone radiation of HF molecule. This further explains the color forming of the chemiluminescence on the optic

axis.

Key words: chemical laser; chemiluminescence; spectral analysis; HF laser

HF/DF {620 4% 16 IR % 2 %80, el
o1 VR A TERE AR 0 AU S X0 E AR
RERAT T 220, X2 800 L R 4 7 ik
OGSO B ROk
VAT G R RS A5 80 1T 2 R o
P2 5 T vk I LR LI i I 2 ) Al Lo e
S B £1SME G TS BSAR L % B S
(ILLANIENE" ™" HEAT AR K BF 5 3040 , A 52 038k
JeA IR AR

X RIS 206, STERLT 1 HE 06
TR B Bk LR HEF 35 Uz 504 5 7™
A, RS2 HE 1926 3 .45 PRSI RER B HE S 1Y

«  YgFS HER:2011 -03 -29
EETA : 1K [ RAEFE 4 BT H (10974255)
YEEB N P W (1985—) 53 fli+-2k

BRAT VP2 ARG 1R ek > X T
JEHE AR HRT B AR SRS R, IRt —
BN , EER AT WD A e T i # I
ST Aot T AR B B i H A
BAR N T RS A (LA T
JEAR S PRI I . A SO HF #OLEIE R Y
AT IL G5 SE B TE A H, I8 3 K A2 1k i) B
G HEAT TSR RO IR, RGO
oy BB T T HAR T A5 T AR 45
18, WA R WETE I th 2 R0k B AL [RE
B, JF B T R R T O S 5

.
BE.



%6 4]

BB HF RO LSO ST 117

1 XWRE

SE R B OGRS o — & H R 20k
HF fb2#otdn . HIEAR TR T :NF, M3
He SIEASLHULE MR F T, 5 H, BAEK
Nz F +H,—HF + H, A iR 2hi& 8109 HF 53+,
TR FHOR e, 1AM EE AT O, fif
FAAT & ke 7 64T 25 &), @ He MAJBCHS A8 R i i
AR SO TERE N, D BEAL 1 A DL
BifesZ o, &Lt BT S AT HE OB G
S B GER R R R ORIRES S OB
ML HAZEUT B8 M Ba 48, 7 A7 & TR 11 Ak SR
BRI SR A, B
m’/h, BOEE 4 TAE SR E R : 3 He 4 0.8,
NF, 4 0.15, 7@l He 7 1.2,N, }0.6,H, Ji&E7F
0.5 ZEfi i Ot HRE K, 2fsLmit B4 LL E
IBITSECAFA, T SCR AR

Y618 AV % Bl TRISTAN® light £ %1] UV/VIS/
NIR % 5 f 4% & X% 3% 4, W & 75 [ 200 ~
1100nm, Y6382 2nm, KK & 0. 1nm, SEFR
UL BE 0. 6nm 433 FH U K 2 543, 5nm™) Al
632. 8nm He-Ne JOtAR 1978 SR HEX GIEAHTT
THhRRE

2 RAKEERSN

WOt g TAE A A NF; He N, H, 250
it RS R NES i B AN SE 42, — 4> NF; 70 T/
B —A F RT3 He (@l He JRFFIFFR
B, HONHOR A A SEIE P A NA He (NF; |
NF, \NF.F & i A B b i N 5N, ot
FEBINTEA 5 IR B AR )N, FEASA
SRAEIIE TN TEA Wy Ji, KA S S A
PeEhB &S HF 4375 H 1 H R F AT e S
HoAt 5t A A= 2R AN SO, il — S ) o
TN A BT FE AR 2%, W] BE )™ A2 9O 8 ik
SRR Z .

SCHRHIA D Sl i i B Ak R i 52
#CHF 1955 345 IRBhRES 2 5L 25 1z SR AT 1
LI > P B Se AR SCRIA Dunham 2858
X HF Bz IR RAT TR o i
KW HF 55 3 JRSNBER BB BRI &AL T iz 4T
SMX I, AN g T a] UG X (380 ~ 780nm ) o £
4.5.6 Yk 3l fE 2 B 25 25 08 4 0 T Bl
668.8 ~ 880.5nm, 548.6 ~ 710.7nm, 468.3 ~
601. Inm(F5 5] J =30 §£3)75) .

B HE Sz i g 2 oh, i T 7 50k

TE R — AR AL T 20 A0 X3, PRI 6 56 s N B
HF 53 A0 (9 H A 43 A 5, H3i% 20 125
R 2 R0k T T WG B, TR 9 St S 1 iR
g B He (F \H N 2§ 51954k, He \F \H N
SR HDGIE B F2 AR Sch EES EE
[ [ 5% b 1 B R BF 5% Be ((NIST) W 3 | 1% %k
P BRTRS R, BT A i 2 B R N
HH o
3 PRI SRIENE
3.1 T UHME

XGRS DEOCHE Hy i A2 4k i g 47
TWREAASE . D/NBIRIRY Hy s, 7153 O
~0.8m’/h, P75 [E] G 0. 2 m’/h, f145% 19 HF 3406
DA 1 R . BOGES I 19 2 B H
MWAEZEA, GBGETE K 25mm , 5 3mm, H, 3 AL
DTG A8 T H A) b RE L B
T 11, Smm  SERIELE H, HEASL T 2mm &b,

W1 AT RVE (D) 7R A H, ZHi,
JeE N Bl C SR LR D, (2)
A H, J5, OGN R BT W i
LA BEE Hy MBI, T i 2 i i £ (58
T B E e (B ah ), R R f
(ZEohF) H, &5 Bnhageasit. (3) L
TR Z AR B 5, b H, i iy
K, m B S, 3 R SECHEANR T 4
A o 1 RIS O A A S A U
A4 Ml , SR BRI i, &R
TG K E A B

Flow rate

osz
e
L —
0.2
L e— e

= B 0.4

0.8

K1 ekt
Fig.1 Photograph of chemiluminescence in optical cavity
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Fig.2  Spectrum of chemiluminescence on optical axis
AN 0 B, LA K 388.3
(388.9) ,446.7.501.1,587.6 668 .707.1, 728
(728.6)nm f] 7 4% He JEFi%Lk; P& hy 685.5,
690.2. 703.6., 712.9, 719.9, 730.9 (731.5) .
739.7 774. Tom ] 8 £ F L Fitksk
AR TN 0.5m’/h B, PO A K
388.3(388.9) .395.9 .446.7 .501. 1 ,587.6 668 .
705.9 .728(728.6) nm [ 8 £ He J T4k i K
g 685.5,690.2, 703.6., 712.9, 719.9 730.9
(731.5) 739.7 775.9nm [{J 8 %% F Ji FRELk; I
14 655. 8nm [ 1 4% H JEF352k 5 Kk 380. 1,
391.2,636.6,750. 2nm [ 4 25 RMBEL; K Hy
528.9 .624.9 631.3 .661. 6nm [ PU 25348 45 5 K
HF 43T 6020 ,50P20 ,50P21 50P25 ji#£k

SAATEN 0.9m /h B, BT A K N
388.3 (388.9),.501.1,587.6, 668, 707. 1,728
(728.6)nm 1] 6 4% He JE 2k, K HJy 634.8
641.2 685.5.690.2.703.6.712.9.719.9 .730.9
(731.5) 742 760. Inm ] 10 2% F JE T84k K
3 655.8nm (1) 1 25 H JF Fi%2k; ok K 4 380. 1,
391.2nm [ 2 SR AR FITE LR P K Ry 528.9 .661. 6,
754. 3nm [ = 535 £k 43l S HE 43 F 11 6020
50P25 40P18 4k

iR pELE d,395.9,501. 1,661, 6nm 1%
L5 N PG, BUOAHEI N 750w
> L5 A Y AR, BE R 2 A bR
N Ji 3545 ;705. 9nm JEZL [F]EF 5 He Ji 15281
HF 737 40P10 54 AT G, X 1K 2 1 3 i
FCIE I EL B BT, e 2% AR 3 o He JR 7 3%
LIS MR )0 B A it — AR

XFF IR i B AT DB, i
1) 48 R 43 1 2 AR RE 8 4R B AH I 1 i+ 3406
T, AR R HE A IR A R & R i AR B
FESCHOR 5T F A T RZ SR o TSI (S
PRYSAEL M 22 B AN B 2 0. 6nm, 22 5] =202 i ok
TEASCAT BEL A A 4 T ot A 3 B 3 s 1P o
3.3 FkAESH

LA 2 ATLUE A I H, B,
BN He f1 F T2k, i A /0 & N R 7%
Lo HrHT IR A i R A R R —
W F R K He JR F# & B T
NF, BB R, BT LA N R8>, frld
i He 1 F R 7RIS LEGE 2 38BN i
FOEENAR D, BSR40 %8 W a2y
i, 4R kg i £, X 50 s s
LR AT A1

IMAGE R H, & H, idfm)5, BT H i35
2 HF SRS 2 B He | F -5 26 J /b
i N R, 7 AT 1) He | F 535 48 R 7 08
9L EIEK, i He F RG24 sl og. 4
BRI R H 7 3800 RO = A, 7= AR H iR
Ol SRS HE 7 F Mg &2 HE 43+
IRzl - PR REL A, BiE 2 H IR+ 5 F,
R A F AR A T F, WRTE F 5
AR AR F RS H, RO 8K R T AE,
{HRIES H il e & F A B g /i F
J N J5iF-; He Jii 75 HA A ot ol 43 58 B i o, o]
ERNILABP A A . BURE RBOhE
C1 ZLER5E DR, HAT S a2 ook B OB
SR 1157 N S N A o o0 N A 2 X -y A - R
X 5B R AL A BT A o



BB HF RO LSO ST S 119 -

3.4 RHSHILH

SR U W) ) ow oy 124 R 1 T B
FHRZHOCA RS Z B FIWRIPEAG o 1 anxt
1 Hy BEESL B FON 2068 R i
(AT, iT LA A S 1 fifp B R B2 e B D1y
A3 5 G AT RIS AN ] 32 B Ak D 3 B o3 AT 5 JEE
(7087 , AT LA AE ) W Ak - WA AN [ 7 Ak U0
19 2 B M RESCARZS 0 A1 5 TERE ST o, e i
XL E ST PR LSS HEXT, R LA W7 I 114
PR AR A R 6 FH e A ™= R RO 2SR
SEIGOL i H, BEEESL R FOHE 2E06TE AR
SR EE , T LU 3 S 0 75 TE 7 A A S
FAEWINLE F TR o AR 4R OB
JES L E e HDCR AL E S E R

4 £

i HE FOEE AL 5 i) a3l I i, 3
A I By T WSEH BB 5 BE AR A it
i, & F \He H N HF 2808 2540 0, 7E R 59
ENEN - D S = FRAS SUR e b S CiT e YIS
HE/DF AL 2380 19 6 11 3 T DL O62et v 25
FECE A w105 B, AT AR ™ AR 5O Rk
B A B R BRI T, W OGS IR A AT E
FEAMULIN , BENE LB R M Sz Wt SHO6 AR 19 TAE
RO R %t Fras A7 i (a2 (— o B i ) 1
KABEIR S DE/HF FOtas , 2O e 424t 7 —
Ml EE RO EA 2T

2 % X #f:

[1] Cenkner A A, Driscoll R J. Laser Induced Fluorescence Visualization

(2]

(7]

(8]

(9]

[10]

[11]

[12]

on Supersonic Mixing Nozzles that Employ Gas-trips[ J]. AIAA
Journal , 1982, 20(6) :812 - 819.
AR, BRPESKS) CW DF/HF b2 0 d HYLTE B i
B D], Kb PR, 2004
Noren C A, Rothschopf G, Perschbacher T, et al. PLIF Flow
Visualization of a Supersonic Injection COIL Nozzle [ C]//
AIAA, 36th AIAA Plasmadynamics and Lasers Conference,
2005, Toronto, 5388 1 —10.
FERE, AT, SRR, 45 BB R PO6E AL 2oLk
PWHELLYE HF LA B0 & S i ] TR,
1984 ,7:66 —69.
Davis S J, Rawlins W T, Oakes D B, et al. Dynamics of HF
(v,j) Chemiluminescence and Lasing by Infrared Hyperspectral
Imaging[ C]// AIAA, 34th ATAA Plasmadynamics and Lasers
Conference, Orlando, 3756 1 -7.
Rawlins W T, Davis S J, Oakes D B, et al. Studies of HF (v,
J) Spatial Profiles with a Hyperspectral Image[ C]// Gas and
Chemical Lasers, and Applications 1V, SPIE Proceedings ,
2004, 5334134 —144.
WP RWF, {45 ) FALROET M. Junt: Bl
Wit , 1987.
TR I s, % 2NESOE He-Ne BOLAR[T].
Fe2EE4R ,2005,25(12) 11439 - 1443.
B, 2SO, EAUE, A TR HE/DF L2280t 4
B F I A T i [T . O, 2009, 36 (6)
1407 - 1410.
National Institute of Standards and Technology (NIST) . Atomic
Spectra Database[ EB/OL]. [2010 - 11 —10]. http://www.
nist. gov/physlab/data/asd. cfm.
Weber M J. Handbook of Laser Wavelengths [ M ].
Press, 1999.
Lide D R, Haynes W M. Handbook of Chemistry and Physics
[DB/CD]. CRC press, 2010.

CRC



