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Small Signal Gain Measurement of Combustion-Driven All

Gas-Phase lodine Laser
Tang Shukai Duo Liping Jin Yuqi Yu Haijun Wang Jian Sang Fengting
(Key Laboratory of Chemical Lasers, Dalian Institute of Chemical Physics, Chinese Academy of Sciences ,

Dalian , Liaoning 116023, China)

Abstract The small signal gain measurement of the all gas-phase iodine laser driven by D,-NF;-DCI combustion is
taken using a wavelength tunable 1315 nm diode laser gain measurement system. A small signal gain of 3X10” cm’
and the profile of small signal gain along the flow direction are obtained. The positive gain indicates that a material
progress has been made in the D,-NF;-DCl combustion-driven all gas-phase iodine laser, but it is still difficult to
demonstrate lasing as to the magnitude of the small signal gain, a detailed parameter optimization must be done in
order to improve markedly the small signal gain, and the plentiful supply of HN, and the optimization of the
supersonic mixing flow field are key factors to obtain a high small signal gain for the D,-NF;-DCI combustion-driven
all gas-phase iodine laser.

Key words laser optics; chemical oxygen iodine laser; combustion-driven all gas-phase iodine laser; small signal
gain measurement; gain profile

CI

UL 22 0% (COTL) i K 1. 315 o, B SRR A M 26 ff RORL (1 7 50 DA T 422 e it
SO A PR BRI 0 B [ I D
SRR BT T 4 il A5 TR]

KB NCl(a) HES MR F 2 M AF i LR RE . 5

Vol. 37,No. 7

MR B A R RERTE IR T7 % . AGIL J5 )%

UL T Hy
, 1990 4£ T. T. Yang%‘?‘]

FE NANG 2 IR E TR A . (L Bl
# COIL T3 AL 14 A 07§ 157 3 o S 049 Al 1
XU K P A B 7 A A BE L O Ca) B AL T 3 78
(1 A% BR A 25 1 T A5 20 A BRI R R B 5 1) i 4 1)
AT B o B B OO . [ Y A IE AE AT 45 Rl
fifp PR J7 S ERR WS - UM BWEOE (AGIL it —

I BHET: 2009-11-12; W REEFmBHEI: 2009-12-10

KT HT NCl(a)-1 fE8E AGIL B BF 58 ik f2l2= 150,
BT NCl()-T 168 AGIL iy HAK 7 & h ,ﬁ%iﬁck
4G H T HN,7 R NCL S Ry 28, AR BE 9T =
XiF 3 1 B R AR IEAT T — SRR
FF HNy W AGIL /5 31 8L PR BF 58 A 56 iE

TEER A : BBILA972—), B /4 RIS oT 1, EEMNEAAFEWOE I PF5 . E-mail: shukaitang@hotmail. com



739 AT LA -

KRBT B 2 A B I /D 5 5 3 4 I 1705

S F R R A CLIR T, B T 7=
ClE T MR BR . AR T AGIL SR Br LS B
Xt AGIL R BB TSR TR Be 5 7= A4 CLIECT L fi]
PRIRBEBK 2l 4 AR BROL . A SC B ZARRTE5/
LRLAE R I8 BIK Bl SORH BB BT 5 <52 36 D T Y 0

2 LEERIY

SR EWME 1 PR, FEARE R E &
WA DG 3 W . A D, AL NF, 7E#R B2
FWNES AR F R A RS R R AT
1400~2000 K, =4y F J& 5 DCL, CF,1 Jx I 43
AR CLR A RIS TR 5 M S 4 Oy F ke 4%
WS A5, kS /& B2 0. 6 mm, $E B2 Ky 100 mm, #RBE %
DAL A 1 e Tl e TR AR 28 ok R S A U B RN R
SR A ORS8RI R 3R AR 0 v T R T R R A )
BOE e, H B R AR B 5 AR Y v R R A
Ay LB I B BT 0 AR IS 22 0 A L IR 36
Bi. TEMBE AW I O NS —HEERE R
0.5 mm [ HN; fin AfL. & HE /N LA B 38 4,
FEW A 5 T A6 AR 4, CLE 5 HN, i [
A A RERL T NCLCa) » A2 B NCLCa) fil1 iz 55 725 it
Ji - T BSOS - T /M5 5 19 25 D0 B 7E i
WOy 58 L. IR D A NFs S 7l 8 A DCIL
CE, 1 f1 HN; fi A5 /NS . B T HN, 2 f 5
Gy ISR ARG AR TR 2N HE IR, o B
il 7E 20 kPa AR A A7 T 1000 L g £7 5 o {5 AT if
FH He F B3] 3 X 101. 325 kPa DA I m £ <k %
BIREE . AW/ X HN, (2R 7 07 ik i 7K
HE A RO LR KR &Y. D, NF;, DCL Al
CE, T /)y et B 3 RS # Aot s HNG (9 0 i
HNG A AL G T AR SC IR iy i 1 A ST 3

ol -
mm— L @r%%uiz

NF,+DC1 N
D,+CF,I

[@ @ & Ul e

B 1 S BRI

Fig. 1 Schematic diagram of the experimental setup
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Fig. 2 Schematic diagram of small signal gain

measurement system
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Fig. 3 Typical result of small signal gain measurement
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Fig. 4 Small signal gain measurement at different locations

4 4k ®

st D, -NF,-DCL R B BR 50 4 M B O 1 3 25
HEAT T W0 AR K75 T W) A IE 215 . K2
3X 107 em ' ELAKAR T USHLEN 7 160 fr 4 25 40
TR 25 5 SN T OB T R A AT — 0 R
/N B 2 AT 4 T 19 2 HOHE AL LA 3K 7R T R
KR35 5. R % R G 2 6 B 8
& HN, 9B i T L% 440 FE A 3 o B
FE 5 ORSETF HN, 19 4 S0 BUEOE K A LK
N SR 8 R T T W 1 2 B AR e

Z F X

1T. T. Yang, R. D. Bower. 1(®P;/2) produced from the energy
transfer from NClI(a) to I(?Ps/,) [C]. SPIE. 1990, 1225 430~435

2 A. J. Ray, R. D. Coomber. An I* laser pumped by NCI(a)
[J1. J. Phys. Chem., 1995, 99(20): 7849~7852

3 J. M. Herbelin, T. L. Henshaw, G. D. Hager et al.. The
measurement of gain on the 1. 315 pm transition of atomic iodine
in a subsonic flow of chemically generated NCl(a) [J]. Chem.
Phys. Lett., 1999, 299(6) . 583~588

4 T. L. Henshaw, G. C. Manke II, G. D. Hager et al.. A new
energy transfer chemical laser at 1. 315 pm [J]. Chem. Phys.
Lett. , 2000, 325(5-6): 537~544

5 G. C. Manke II, C. B. Cooper, G. D. Hager et al.. A multi-
watt all gas-phase iodine laser [J]. IEEE J. Quantum Electron. ,
2003, 39(8): 995~1002

6 W. McDermott, R. Coombe, M. Heldtet al.. Flow tube studies
of NCljs reactions [C]. SPIE, 2004, 5334, 11~17

7 G. C. Manke II, T. J. Madden, G. D. Hager e al.. The
measurement of gain in a supersonic combustion-driven generator
for NCl(a) [C]. SPIE, 2005, 5792 97~108

8 T. Masuda, T. Nakamura, T. Uchiyama. Achievement of

positive gain in the amine-based all gas-phase iodine laser system



739 AT LA -

KRBT B 2 A B I /D 5 5 3 4 I 1707

[C]. SPIE, 2008, 7131: 713108

9 T. Masuda, T. Nakamura, T. Uchiyama et al.. An all gas-
phase iodine laser based on amine chemistry [J]. Chem. Phys.
Lett. , 2009, 476(1-3) . 25~27

10 L. P. Duo, S. K. Tang, B. L. Yang. Parametric study of NCI
(a) and NCI(b) from the reaction of ClI/Cl;/He + HN;3/He []J].
J. Phys. Chem. A, 2002, 106(5). 743~746

11 S. K. Tang, L. P. Duo, F. T. Sanget al.. Experimental study
on an all gas-phase iodine laser using microwave discharge of Cl,/
He as a Cl atoms source [J]. Appl. Opt., 2006, 45 (27):
7126~7130

12 Tang Shukai, Duo Liping, Sang Fengting. Effect of NCl(a) self-
annihilation on NCI (a) production and transfer [J]. J.
Optoelectronics « Laser, 2005, 16(1): 21~23
JEARYL, ZWEE, RS NCLCa) B R KON HAE RS i 1 52
[J]. w5 - 8k, 2005, 16(1); 21~23

13 Tang Shukai, Duo Liping, Sang Fengting. Influence of Cl(a)

14 Tang Shukai, Duo Liping, Yu Haijun e al.. Analysis and
comparison of energy extraction for NCl(a) /1 all gas-phase iodine
laser and chemical oxygen iodine laser [ J]. Chinese J. Laser,
2009, 36(9): 2309~2314
FERYL, ZEH, FIH%E %, NCl(a) /1 &5 MU 5 A Bk
FROCRE R AR IO AT LB [J]. P Bk, 2009, 36(9):
2309~2314

15 Tang Shukai, Duo Liping, Yu Haijun et al.. Experimental study
of combustor of combustion-driven all gas-phase iodine laser [J].
Chinese J. Laser, 2009, 36(6): 1403~1406
AL, ZWEE. THEE S, JREEEK SN 4 AL OO IR b =
SERBESE (1], Bk, 2009, 36(6): 1403~1406

16 Li Liucheng, Tang Shukai, Duo Liping et al.. Experimental
study on NCl; spaying auto-decomposition [ J]. High Power
Laser and Particle Beams, 2007, 19(1); 45~48
BB, B, 2k % ARG B & 53 i Sc g it
7t [J]. ##ok 54T &, 2007, 19(1): 45~48

17 S. K. Tang, L. P. Duo., F. T. Sang e al.. Study on HNj;
production for all gas-phase iodine laser [ C]. SPIE, 2007,
6346 634631

self-annihilation on energy extraction of NCI (a)/1 laser []J].
Chinese J. Laser, 2005, 32(4): 501~505

EARYL, ek, R NCI) B 7 K3 NCICa) /T #0 fE
FE Rz [J]. F B#ok, 2005, 32(4): 501~505

Hrrrr R e e e e e e e R R R R R R R R R R R R

X EFEHRBEBHESB
—CRFF MG B A B

ToA-AFE T BEE 5 — B L0 A WO AR A [ O 2 g A B — > 27 9 SUEAN BT 19 K AL, T AR
], eoi B A A T S O B R B M A . 2 A S KM U O B 2 IRA B BATH 2 AR B — A
S BT A YT

U4 s NG EIE B 2 ORI 22 6 2 Tl i 2 AR BORB 2 L B DG 2 i AT ok 2 . i, —
AN AR AT R EOE S SUR I AR RDOE S AR B EO A L H AR VI F K . TEX AR T B
G2 T )32 T AR » 28 D 75 AF B SR B » DU A 260 20 498 3 A5 8 Tl 01 5 ) R s 2 DL T

RO G TR OB T (25 5,230 J77) MBITR. 45 T 1986 4F . i RS #4351 1™ 5F
BB RHT FRAMLIF] A5 2 — R R A G0 w8 BE VA AR 2 O EORR [ A 2 1 — AR A B 24 AR B AR A B
TAEENZHER” FIES IR ZFHEARN R R KD ESE 1.

(I TEJR OGS T 1 RS (9 25 48 ] 0l B0e AR R e AR T BT RER, S8 i T AL Gt
AL ML . SO RSO0 DEHR T #ROE T 7. et b A fl 5 N A BT OB R R Ok
(9 KOG I 2 Bl e B S o DRI BT RO 2 T e AR A% G2 S R RB T - T — > BT i RAS

A T PR FE W 7 1) RE B i A K S A L A BT 9 S AR TR AR X A R ROl T 1Y
RENL

BRROEE T AL 38 .49 A @B (460 T ART N AR IR B LA 6 1 H ATOL 2 S i
W R FTA SR e TARE FHEE A B SR I T LT By e o7 20 B ZE A B3 6 AR B L AR 5
T AR A ORI A KA, R0 SRR S A O AT A AR R T TR TR A B R IR, SR L
1% S Ao S P N D AT SN 7 e N B S R SN B 7B s e SN 0 e N LIRS 2 R D e P N 7 /3
PG ROl ARGt A KA Hh TG A LT 0 S T R AR TS B T AO A 2 IR MO S A B A
HRE WM .



