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Flow Field Measurements in Gain Zone of XeF(C-A) Gas Laser Based on
Particle Image Velocimetry
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Abstract Particle image velocimetry (PIV) technique is used to measure the flow field in the gain zone of a closed
loop pulsed XeF (C-A) blue-green excimer laser. The flow velocity characteristics of the steady flow field in the
center of the flow field, near the laser window and between the two parts in the discharge zone are studied. The flow
field states in different time during the process of the discharge are analyzed. Furthermore, the relationships
between the recovery time after discharge and the fan rotation frequency or the discharge voltage are discussed. The
results show that there exit vortexes with slow flow velocity near the laser window. While in the center of the gain
zone, the field is even with fast flow velocity. And in the moment after discharge, the flow field stagnation

phenomenon with extremely slow velocity occurs.

Key words measurement; gas lasers; flow field; flow velocity

OCIS codes 120.7250; 140.7300; 140.1550; 140.2180

1 5 7

P 384Dl 850 HL Y A 2 1 Ik e AR O 8 A
ZLAN LT A | R &% W 5 A 55 e Tk U B AT D) SE
Kegi I EFHELMEmLY, LA A
() DL B ol JFE S D e 1 4 L S 2F o S AR O 28
R0 ik b AR O A R IX 8 2 R RS L S
5 Y DA SR e g B SRk S i T ) T R
FETBCRR DX, 50 45 W R b 52 M) — YRR RO, ik

AR O 2 DL 0 R Gs AT i, T R R
G P Ok 00 P B 25 DX AR TR R R
PO & 00 00 3 o R i) 1 2R XY I 8 4 A HE AT
5T .

BRI TG AR 3 ) 2% (CFD) Y $4 i 185 40
J5 ¥k H A 5 8 SRR BB A B i 2 2
i 45 4 R 43 T 20 [ Ak LA B S 1 A5 RS ) 45
TR IR A I o IO B R A 1 U L IR
W S BRI B AR R R AW, CFD

B HEI: 2018-09-03; {EE B HA: 2018-10-22; FHBAHI: 2018-11-11

" E-mail: luankunpeng@126.com

0204007-1



H

i P

feiy N N S N TR SRS B U e B R
Yy Ar it . H A, R BRI (PTV) 7 3 J2&
St U U R g N E O — RO R e R —
WEAS L 2 R 4 ok = 3 3 W B R L AT D ek
THE 0 ) R — I ) AR 00 X 8 RS A T R 5
73 () 25 b F S B R i b, BRI RS B
LA J5 B R ) G g b Ok AR ¥ 5 Hfg R
(SN TR DRI 2% A i | @R G ok ) &
w5 — s P, b g X —Fm
f AR AILLE ) B R Ac B0 IR ) P 32 8 A 45 R VL 43
SIE S R EIG B vk Lo e sk | R
M A5 2% F T T 15 0L . 8 PIV 8 R BE fig
5B B AT R U S kG R R R R i
Yy« NCREHI 5 0 H I 100 30 3 1) il 2030 B L 34 RE 6% 43
BT HEL S5 378 3 1) W S B ) LA B I e X3 AR
MR . (R, AT R WK PIV 45 AR B T Ik
AR O 25 0 S I Y R

AR SCE XTSRS XeF (C-A) i S W2 7 306
FRUEAT 48 PIV Ji g &, 5 82 7 0 5 5, fif p
TR PIV 7 A M A S O #8319 38 1
PE ) 8, 32 A X R X3 N 3 R X SO T
T DXRI AT 3 X = A 3 78 33 3 X I, F 5% 1 AR R H 2%
PF T 52 S 0 O REAE LR H S R [ B 1 Y
WA WSS T R 5 R & 2 i RS 1
1] 55 UM sl A3 2% 0 L TR I G 2R

discharge
substrate

2 SLEGARHE

LA E XeF (C-A) 5 2% 0Ot i 3 A< J5L B 4n
T AR R R ARV TR = A 140 ~170 nm Y
LA B 25 A T XeF, fif 25 B XeF 43 F . XeF 43
TICEE ABAH, LMK EE R 425~
525 nm, WOLHSLEE M R 178, b — K ™
W23 5200 — WA, SO #5838 2k SR G P15 3 25
K = e . B 1) M A TEER XeF(C-A) i
SO A R CGEEAN R B W SCEk 13 D,
Bl 1(b) . Co) SR S #8550 s 2 4 T (R o — M )
FL S RO B AR o OB 8 i AR S T R O ) K
120 em, 4320 2245 P B, 530 FiL i Al o B DU R 2 0
BEL W EEAR AR Jy 3.2 em, PIV U & 0 75 B
R P A R Bk BT DL 35 W AT L B B M
AR — 0] Fy ik P R . AL A B S 5 R A 1 R
Vb 2 B WO R A S L RS N I IR S AR AR
1Ch) w4 B (0 8 £ O WY T R GE , KO R
46 cm, 7L GE F 2 2 cm PN A9 JECH DG A A2 4K
SRR E X, 1O TP ITHE 1.2.3 20 3%
I 3 A~ AR e 1 i 7 0 IX R . i e G 25 XY G
WO T T IX o P KRG X, 3 A4S I X e i R
¥Ioh 60 mm X 60 mm, SLHGH, 7E I X 8 6 i
AR CRVU G 20 A ) 26 1 7 35 — 2 R i kAR
F A 2 BRI S e s

K1 HEIEAREE XeF(C-A B, (O ZMIE; (b 135 X ST L (o Wi 3 i X 5
Fig. 1 Closed loop XeF(C-A) laser. (a) Structure diagram; (b) physical picture of the gain zone;

(¢) flow field measurement zone
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Fig. 2 Experimental setup for PIV flow field measurement. (a) Structure diagram; (b) physical picture
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Fig. 3 PIV process results of different discharge zones. (a) Near the laser window; (b) in the connected zone; (c) in the center
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Fig. 4 Measured flow velocities. (a) Flow velocities in the longitudinal direction; (b) flow velocities in the transverse direction
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(b) flow velocities in the longitudinal direction; (c) flow velocities in the transverse direction

0204007-4



th i

i ot

HEX M, 35 PIV &8 4581 A R, 5 45
SRR U 5 1 U A . R ANSYS
TRRE e KL R 38 57 1% A 2% 18 8 XL 5
AW 8
32 MEBEZEAHETHIEEEDSRT

XeF (C-A) i &5 43— W't s T T8 75 L B[R] 2
BB R[] RUJEE S0 ik e 3R ) i AR R R SR A Bh
o FEOR Y S BN BUAR G 2 R Y U B R T
MG, PIV ik Xl & F T AR W R
HEATHF 5T, 0 X ds 6 B B AR K IR 3 b A
T /N T B O R W 6 BT s . T Xk
BE PR TTRE 3 4 88, J2 o T R JF I
IR i T )RR B O £, DA B Rk TR O R IR R Y
XA,

~

0mm><30n%nd S0
‘ ~ 60mm mm

— o i TN
N

e

6 R AR E B B PTV 4 X 35k
Fig. 6 PIV measurement zone of the unsteady

flow field at discharge

7 N B A R A R R [ B ) 0 4 AR AN
PIV Ab B 45 5 5288 2 70 I F - XUBL 5% ) 4508 ok
40 Hz Il LB R 12 KV, AN SHE N N, JE Sl
101.325 kPa, XJ 337 o0 XSk, i & 7 Ca) AT
DG 1.5 ms, F7 88 X 38 K 53 7 15 00 5 4 25 1
IR o 3K R PR I H 7 A 1 R T S AR F AR S
(R 7R B L 1R TR R 2 50 1 7R 5 62 43 A vl B
S BT 3 S B B R Bl . T L B R R R A X
BN PIV 7 I X BB/ . S R,
K2l PIV J5 ik 2 58 F s BoR0 T 19 00 % 28 fb ok 1 H 58
T T S BT DAAE R A5 1 S A R BB 1 DXk
W PIV 3k 0T LAAS 210 8 5 10 3 47 45 4 5 i 7 B hr
THG B XS e HEAT PIV Wizt . 2) itk
J& 8 ms, /R R T 6 X KL PIV i I & X
Ik A, BB R R L S ) I B O R IR A L
MG . 3) Bl A B[] 4k S2 38 I, 40 B X3
SCSUINEI O o YA b B O [ 2 i B S N E RSl
AN KRN 1 38 S5 328 A5 K B2 B R T I O A R FL Y

A 7 R R . RS 23 ms, Wi I
AR 5 R T — B T S R A PLV R
5 Ry B KL A CH R A 0 R R R YRR, & R B
P8 3 DX 38l TG ok T, N7 - R T R A v R A R B R
TEREA) .

X X, B 7 AL D R R
10 mus, FAHE X304 M 7R B3 62 - 19 0K 55 2% B B i B
I o BRI Ay A A0 5 e e R 0 R R A S AR R R
BB B YA S B S [ O 3 O R R BRI L
BT IR s 2) B L 40 1 X 0% R b
AN 3 ARS8 R e 2l N N U O e
AR S ) R R I R I IR A 5 3) ik
HLJE JLE Z 80, 3 3 10 3 1R 25 5 0 L R B2 3
B3 3 N EBATS SR A 45 WA 8 10 7 B s 1 4 R AR IR Y
B3k 5 4) i HL S 29 1000 ms, 1485 X 58 58 4> s B
BiFHE ., 5o KO . I 0K R K
IR TN A Sl of 1 8 W T 2 RO A B )
DK ) AR B e s R 25, R L = W) &5
L R T T

K8 frawmhiEWNAMENR N (KGR
101.325 kPa) B, Ui 375 It o K 2 380 550 Fl i bR 25 1 msf
[] 55 5 F L RUHLG sl A R g DG R i 2. AT O 2
JICHL R R /D JRUIL 2 8 40 5 o v ) U 3 T K
S AR S BT 0 B TR RR . T AR N )
JeAs TAERE, BE IR A 78 A XeF, (N, L Ar (JE 1
101.325 kPa) , il A 5 5 B L B 58 A N, (R 12K
101.325) N, , P 55 4T 1R 50 R AR 1 s A 22 331 AL
T3 W AT AN TR) AR H 5 30 3 1 AR AR — 2

4 4k 1w

B — 4 PIV H A ] T X P 45 776 35 Bk ol XeF
(C-AD B 2 E 53 1 OG5 Wi 5 9 I 3 32 2B 3
HL DX PN P X OB B 0 X X3 A4
BRI XL I T R R S5 R T S R 3 B TR
BRRFAE LA SO S AN TR i 20 B A B 25 e i 5E T
JBCHRL J5 R S IR AR 28 A P AR 2 B4 I 1] 55 XUBIL S 3 4t
UL RER R . ZR R AL E 1 XA
38 2 0 1 T A B A OR B 22 5 TR T P 0
DX PR B PR L2 27, AU B SR B 5 R e R S
BT R N R S A AR . BE TR AR K
PIV £ AT LU0 SR SO A% H DX 3 3 )
PR BB AR . TR ORI TS L T
AR 7R BB T e L 5 5 IR 7S 0 O 4 5 i g AT 2 —
.

0204007-5



L@
n
I
=]
1
a
=
g
10m-s™
’ 0, o F
10 | ——— F :
- 100 E i
% 2 200 gl - oy
= ] i ,% : ; AL
400~ F t
8 % 500 E E E E
=0 0100 200 300400 500 0 100 200 300400 500 0 100 200 300400 500 O 100 200 300400 500 0 100 200 300400 500 0 100 200 300 400 500
/pixel X /pixel X /pixel X /pixel X /pixel X /pixel >
before discharge 1.5 ms after discharge 8 ms 13.5 ms 19 ms 23ms Time
24 ®
E
©
A
g
£
10m-s!
U o -
10 [
T 100 2
% % 200 | 1 3
gleld E°0 E £y g
é Z 23000 & ;‘: N
= _§ 400 | E
. 0 P00 100 200 300400 500 0 100 200 300400 500 0 100 200 300400 500 0 100 200 300400 500 0 100 200300400 500 0 100 200 300400 500
X /pixel X /pixel X /pixel X /pixel X /pixel X /pixel _
before discharge 10 ms after discharge 50 ms 100 ms ~500 ms ~1000ms Time
&7 80 H A R P A [ 200 U 5 6 B RO R R PTV AR FREE SR, () b K (D) IR H X
Fig. 7 Scattering pictures and PIV process results of flow field structure at different time during the discharge.
(a) In the center; (b) near the window
@ ) » (b)
60} fan rotational repetition 3 fan rotational repetition
—a—20 Hz w | ™ 20Hz
g | —o-aHz 2| —e—40Hz .
S a0} —A—60 Hz - ° -52 | —A—60 Hz l/
'E ./.é > . ®
ol — / g — / /
£ 90 ® 21t ®
8 - o— g «— /
Qq‘-‘: A/A A/‘
0 1 1 I 1 0 I n 1 I
10 15 20 25 10 15 20 25
Discharge voltage /kV Discharge voltage /kV
E 8 WImKE WA, () X (W IEHE X
Fig. 8 Recovery time of the flow filed. (a) In the center; (b) near the laser window
) [3] YuL, LiuJ R, Ma LY, et al. 10 J energy-level
5 % % W | 10 enerayle
optically pumped XeF (C-A) laser with repetition
[1] Pan Q K, Xie J J, Wang C R, et al. Non-chain mode[]] . OptiCS Letters, 2007, 32(9): 1087-1089.
pulsed DF laser with an average power of the order of (4] Meng F J, Li DJ, Sun S H, et al. Arc-discharge
100 W[J]. Applied Physics B, 2016, 122(7): 200. monitoring system of a high-power repetitively-pulsed
[2] Bulaev V D, Gusev V S, Kazantsev S Y, et al. TEA CO, laser [J]. Journal of Russian Laser
High-power repetitively pulsed electric-discharge HF Research, 2012, 33(4): 362-368.
laser[J]. Quantum Electronics, 2010, 40(7): 615- [5] Huang K, Huang C, Zhao L, et al. Effects of flow

618. field uniformity on energy stability of discharge

0204007-6



h 5| 4 ot
initiated repetitively pulsed HF laser[J]. Infrared and field reconstruction method based on adaptive
Laser Engineering, 2016, 45(1): 65-70. threshold[J]. Applied Optics, 2018, 57(7): 1622-
WO, EH, B, . WSS EA HF B0t 1633.
fEEfAREm B J]. as 506 TR, 2016, [11] Cozzi F, Coghe A, Sharma R. Analysis of local
45(1): 65-70. entrainment rate in the initial region of isothermal

[6] Zhu N W. FLUENT-based numerical simulation of free swirling jets by stereo PIV [J]. Experimental
gas flow field of excimer laser[D]. Hefei: University Thermal and Fluid Science, 2018, 94: 281-294.
of Science and Technology of China, 2017: 7. [12] Im S, Kim H T, Rhee B W, e al. PIV
KA. BT FLUENT 4 FH0OE 8 SRR 5 5L measurements of the flow patterns in a CANDU-6
EFE[D]. . REBEHEAR KR, 2017: 7. model[J]. Annals of Nuclear Energy, 2016, 98: 1-

[7] Harris M R, Morris A V, Gorton E K. Closed-cycle 11.
1-kHz-pulse-repetition-frequency HF (DF) laser [J]. [13] LiY, Feng Z, Shen Y L, et al. A narrow linewidth
Proceedings of SPIE, 1998, 3268: 247-252. and tunable XeF (C-A) laser [J]. Laser Physics,

[8] Liu L. Study on internal flow of the small room of 2013, 23(8): 085006.
ventilation by numerical simulation and PIV [D]. [14] Chen L, Li Y, Qin X L, et al. A multi-frame
Harbin: Harbin Institute of Technology, 2012: 1. integration technique based on mode theory for low
X . Bi/NERGEEA L K& PIV L #53 [D]. light level image[J]. Acta Electronica Sinica, 2011,
W JRIE : PRI Tk K4, 2012: 1. 39(10): 2217-2220.

[9] LiuJ, Dong H B, Liu Y. Review and recent advances MRz, 29, W&, . ETAEHEENHMOEE S
in uncoupled algorithms for chemical non-equilibrium WA 4 B (], 23, 2011, 39(10): 2217-
flows[J]. Acta Aeronautica et Astronautica Sinica, 2220.

2018, 39(1): 021090. [15] Keane D, Adrian J. Optimization of particle image

XVH, BN, XH. A= AR 6 5 3 R Sk i Il velocimeters: 1. double pulsed systems []].

Ji S e (1] . fiias2#4’, 2018, 39(1): 021090. Measurement Science and Technology, 1990, 1(11):
[10] QuX1]J, Song Y, Jin Y, et al. 3D SAPIV particle 1202-1215.

0204007-7



