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According to the reaction mechanism in non-chain pulsed DF lasers, a dynamical model for this kind of

Key words

laser is presented by using rate equations theory. The optimum gas ratio and reflectance of output mirror are obtained
performance of non-chain pulsed DF laser can be improved by optimizing the parameters of working gas pressure ratio

by numerical calculation with this model using the Runge-Kutta method. The experiment is done based on UV-
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preionized discharge method. The main output parameters of non-chain pulsed DF laser gained from experiment agree

and the reflectance of output mirror. The laser has the best output performance when the working gas ratio is 10: 1
power of 33.27 MW are achieved under above conditions
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well with the theoretical calculation. The theoretical analysis and experimental results both show that the output
and the reflectance of output mirror is 30 %
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The single pulse energy of 4.95 J, pulse duration of 148. 8 ns and peak
140.3460; 140.1550; 140.3430; 140.3470

rate equations; numerical calculation
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versus time at different mixture ratios

TSR BN N T 8U% B BE D, % B2 103
e R JE /. JFEAE D, W O 2. 4143 X
10" em HEL B py2 po =10+ 1, BN T 405 B 1K F
BORAE . TR — e 2% F T . SFe2r T B i F
JE TR Dy (E AR R Do A R RN T 5
T8 N34 Y DF 4y FRUR R AK. 1bah
ZAH F IR 7 XHM & & DF 37093 0k 7 251
A CL A 1) L U BE A DT = B oL 1
BOF AR BEE D, & 2l . 5 A= ) 8
K75 DF oy 180w BEw R0 [/ ip 53 30k 25
(4 DF 235~ B0 11 38 A 0358 DR JES 19 9 D6 5 %0
WM, 24D, E i 2 BRSO AR R R
A& DF 737808 B8 I 52 5 & 79 D, K B AR i
9 D x5 ok 25 DE 20 1 0891 0K AR 0 o
EANIN R AR G W1 A N R W N N )
10: 1mf . D, #1 F )it 5~ & S AHUC IS, Ok &S DE 7314
i 4R A R 22 (8 3K B RO PR O

0702002-3



# ot

TR Rk B B RAE
3.1.2 R EMNEERERBEAKN T A

My 1 B S ST AR S e O e i PR B Y
F s EIR B RIE B AR SR LB S5 AT (ot po =
10 1) 158 1 1 N G 7~ 8508 B O s 2 3 B
BT S R AR A U . TR A i o B U R
MR H 10%.20% .30% .40 % .50 % H1 60 %% , 1145 4%
RIUNE 2.3 fis.

MIE 2 FT LA MY B e SO R T
PN OG- 50 B 2 W 3G I O Ik ST R ) AS BT 4
B, XS5OGS 55 AR LA G, BV R BE R R
R 8 £ 1R LU B DK O K o g S S B ) B R

o b

R=60%

D,:p,=10:1
PSF6=10 kPa

W
T

[°Y)
T

[\V]
T

—
T

Photon number density /(10 cm

S
[=)

0.2 0.4 0.6 0.8 1.0 1.2
Time /us
2 SIE) S5 SN A O T B B I TR 56 R
Fig. 2 Photon number density in the laser cavity

versus time at different reflectivities
P 3 it 34 3 B O 4% a2 R B e 5
SPRIBAR R . RS BSE HAl SR AR A
I DL T » B8 B A 238 X 0O & i Hh 2 28 52 i 1]
B, Y BT AT AR O 30 V0 Bt IO 7 i T SRS
RARAE. IR AMABOCSE SR T S%.

45
a0l R=30% pp,=10:1
a5 R=40% Py, =10kPa

0 0.2 0.4 0.6 0.8 1.0 1.2
Time /us

B3 AT B2 S i Y 2 2 05 ] £ 6
Fig. 3 Output power versus time at different reflectivities
3.2 LWRE
SEER T ] DF SO0 #8 1 28 35 w0 10 B 1 i H 3
i KRR CTEA) CO, Ot A 18 1 24 = Al

RE HL AR 48 P ) 8 48 L R 36 2 4 A 27 1 IR
i B4 D S R N R . WO AR SR TSR AN e T
FL B () L A R RO R 120 em FE 4 em Xt
PRIGCE 19 2 0E B Chang FRAS 85 89 H0 AR o HL AR 18] B
4 e, TR B R ARG ol OBUON K AE B B 5 20 B O 2 i
Hi i o SR 3R 99 D6 1Y 11 1T B 462 S 5 g A CaF, F-
T i b A S B AL E R T 2.2 my BOEH S
O BRSO 7 D WA - — T e RE T e
AEHE s 75— PC AU HeCdTe 0 &7 47 I8
L WA 2 OR # COR J Hh7fF 9E 9 500 MHz (1)
TDS3052B B i i Sk /s » B A0 ol 7 A6 B i =
AT

2
\ 5 2/
4
=] ¢
I2 1 2\ 6
1: main electrodes; 2: preionization pins;
3: non-transmitting mirror;
4: output mirror; 5: beam-splitting mirrors
6: laser energy meter; 7: attenuators;
8: HgCdTe detector; 9: oscilloscope

P O

4 JRBE Nk b DF #0258 5256 4 &R B
Fig. 4 Diagram of experimental setup for non-chain

pulsed DF laser

3.3 XBWERSHH

S R RE SFs 43 e 10 kPa, £E 75 B HL R
39 KV Z R L i 4 R 98 % 30 %0 B 43 ) ) gt
T TAEARMREIl 4:1.6:1.,8:1,10:1,12:1,15:1
R F B K i B o T 43 ) %ok 0 (RN L T B (B
HEAT BB LA 153009 DF OG bk o 68 5 bl D, 25 B
WAL RINE S iR, Al LLE M, S EH S
e EE A 2o #— B ZE YR D%
JE 038 0 52 30 S AR R R 9 AR Ak G B, HAE D,

5.0
= experimental
e calculated
45k PSFG:IO kPa

R=30%

Pulse energy /J
>
(=)

i
o
T

3.0 1 L L i Il
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Density of D, /cm™

Bl S WOt K ob ke BB HE 5 D, 8 R 2

Fig. 5 Laser pulse energy versus the density of D,

0702002-4



pr me&E.

AR bk i G AR TCROE 4% 19 3l 7 A DR 52 96 TF

A FRUBRE N 2.4143X10"7 cm P (pyt p, =10 DEF
B fik o RE Bk B KA . BS54 R AT AE B
FE AR AR B O 25 5 th e TR B B R (. 7E
BEASAR LA R 5 S50 0 45 5L 35 Lo B e T o 45 R
B 102028 47 | 1 i i 25 11 2 2 it AT Ay A A AR
M TFHREEAXRH TR AKX B REMGX
HL 508 BB 1 — s B VR RS A R S AR R TR
HL 0% B AR AR O . O T A5 BB 1 B T 5
B 0K PR K oh e = LS T A SRR 1. 12 B
ERE . SMEIE S M TH AR RE 0% IF i 1 AR A 55 X
Jik ol DF #0648 3h 71 2% ik 7

FERAE TAE AR LB F  sE i R4S 39 kV
B SR A S ST R R O % L AE Y
S, 1Y CaF, %t B8 8% IS 1 R 5T 353 51
10%.20% .30 % .40 % .50 % F1 60 %6 , 43 51l % AS [ iy
BT S SR ) S T 4 SR R e A R AT
M L4 g5 R an &l 6 frR. X B % 84 il 4 T
L S 25 R B A Ty R AR e T AR 2 SR S A A
AF » 3 A A R] 1 22 0 A7) H R 9 2 00 F RO
JES HESAER 2251 . S50 A 2 ) B
8% B R 30 06 B O 3% i 1 B AE E B AR IR

Tek {1k —_—
@ -
pulse width
— —-—
JE N *
2.00V M[200ns| Al Chl S~ 2.24V

RSRAE RO AR f e R BUS o RME . X
LRI T AR 5 R PR R 4 1 A 1

5.0
sexperimental
ecalculated
451
=
g
g 40
?
E [SF,]=2.4143x10" cm™*
351 [D,]=2.4143x10"" cm~
3.0

0 10 20 30 40 50 60 70
Reflectivity /%
K16 FaAE K oh AR A 5 4 R SO R LA i 4
Fig. 6 Laser pulse energy versus output mirror reflectivity
T8 AR AR B ) 0 i 8 5 S Ip 238 35 Ry B A 2
T (piip,=10: 1. R=230%) . X} ¥ ¢ ik vh i & k47
T AR E 7 R . SERINAE Y DF B0
T O Bk ok SE BE R 148, 8 nis. KR 1 380G Bk
MhRE O 4. 95 . | b AT A Bk e fH D R O
33.27 MW, [& 7(b) 2 B 1545 B A HOG & i
Ty A&t I 18] 1) A2 £ it 26 Jok o 8 B2 120 ns, Jik e
TNy 37.83 MW, HLERIE 7(a), (b) AJ A, SE 55
I 55 P T8 BT AR %) Tk ol i TR AR A
45
40 ®) Py, =10 kPa
35t R=30%
=30+
25}

St
o

g 20+
S 15)
10+
5,
0

0 02 04 06 08 10 12
Time /us

B7 BoER KR . (O S35 B 45 2R s (b) By 2 g i B4

Fig. 7 Laser pulse shape. (a) Experimental result; (b) calculated result of rate equations

4 4k e

AR A 5 Bk rf DF S0/ 28 10 I 1 4L BE ko
Ty R B 57 1 5 7 2 1R AT 4 7 ¢ R Bk oft DF
WO BR 1 2h S B . AR S B i e 2t
Bk ol DF 06 28 5 g 110 — 20 0 2L F36
IS B W 2 3 e B % 6 KBk DF 3%
Fe a3 1098 4 Mk SFy 5 D, e 4y TE H K
1051, %y HH B0 S 36 S0 B 2 O i e
A DL O A B B8 A 5 2 i B AR e A B
DF 3§06 28 125 FE 4 . 75 W (0 201 3y 1. F 6 X Bk o

DF oG #% 1 e (5 0 B8 5 55 %0 3006 78 L A% #F
AR E PO ik BT Ak s R R 5 R T A B
WHR A TR AT RANY & . 3R 7 B A )
Ak g8 Bk v DF #0248 /9 18 4k 35 3 48 44t Biig
2%,

5 £ X
1 C. H. Bair, F. Allario. Analysis of Differential Absorption Lidar
Technique for Measurements of Anhydrous Hydrogen Chloride
from Solid Rocket Motors Using a Deuterium Fluorine Laser[ R].
Hampton, 1977
2 A. A. Serafetinides, K. R. Rickwood, A. D. Papadopoulous.

0702002-5



H |

# ot

Performance studies of novel design atmospheric pressure pulsed
HE/ DF laser[J]. Appl. Phys. . 1991, 52(1); 416~54

3 H. L. Moore. Laser technology update: pulsed impulsive kill
laser[ CJ]. NDIA 2000 Joint Services Small Arms Symposium,
2000. 18~25

4 V. F. Tarasenko, A. N. Panchenko. Efficient discharge-
pumped non-chain HF and DF lasers [ C]. SPIE, 2006,
6101: 610119

5 V. V. Apollonov, A. A. Belevtsev, K. N. Firsov e al..
Advanced studies on powerful wide-aperture non-chain HF (DF)
lasers with a self-sustained volume discharge to initiate chemical
reaction[ C]. SPIE., 2003, 5120; 529~541

6 V. P. Borisov, V. V. Burtsev, S. D. Velikanove al.. Electric-
discharge DF laser with a pulsed energy of the order of 10 J[J].
Quantum Electronics , 2000, 30(3) . 225~228

7 Ke Changjun, Li Chen, Tan Rongqing e al.. Experimental
research on electric-discharge non-chain pulsed DF lasers[]J]. J.
Optoelectronics « Laser, 2010, 21(2) . 172~174
MR R4 R, W S gL R ARSIk i DF BG4 55 58
Moel)]. ke F « #ok, 2010, 21(2); 172~174

8 Luo Wei, Li Wenyu, Wang Hongyan et al.. A novel method of
measuring fluorine atom flow rate for discharge driver HF/DF
chemical laser[J]. Chinese J. Lasers. 2009, 36(6): 1407~1410
¥R SR, LA % H TR HE/DF {5 OB 1
FIE 75w Aoy ik 0] & B # sk, 2009, 36 (6):
1407~1410

9 R. L. Kerber, G. Emanuel, J. S. Whittier. Computer Modeling
and Parametric Study for a Pulsed Hy +F, Laser [R]. Technical
Report TR-0172 (2753)-3, The Aerospace Corporation, EI
Segundo, [1972-06-06]

10 R. L. Kerber, J. S. Whittier. Simple Model of a Chain-Reaction
Pulsed HF Laser [ R]. Technical Report AD-A043319, The
Aerospace Corporation, EI Segundo, 1977

11 J. L. Lyman. Computer model of the SFs-H; electrical discharge
chemical laser[J]. Appl. Opt. . 1973, 12(11): 2736~2747

12 A. N. Panchenko, V. M. Orlovski, V. F. Tarasenko e al..
Efficient operation modes of a non-chain HF laser pumped by self-
sustained discharge[ C]. SPIE, 2003, 5137 303~310

13 D. S. Perry, J. C. Polanyi. Energy distribution among reaction
products, IX. F+H,, HF, and D[J]. J. Chem. Phys, 1972,
57. 1574~1586

14 K. L. Kompa. Chemical Lasers[ M]. Berlin: Springer Berlin
Heidelberg, 1973

15 E.  Arunan, D. W. Setser. Vibration-rotational FEinstein
coefficients for HF/DF and HCL/DCL[J]. J. Chem. Phys,
1992, 97(3): 1734~1741

16 Cheng Li. Research on Mechanism of Producing Iodine Laser by
Discharge Alkyl Todide [ D ]. Harbin: Harbin Institute of
Technology, 2007. 44~46
. R e L A e A OO LRI B S LD MK
W IRV Tl K2, 2007, 44~146

ZBHRE AT

0702002-6



