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Abstract In order to understand the effect of gas velocity distribution uniformity on injected energy and output
energy of lasers. the flow field in discharge chamber is simulated by computational fluid dynamics (CFD) so that the
gas velocity distribution in longitudinal and vertical directions can be acquired. According to the elements that affect
the gas velocity uniformity, the whole flow field is optimized. Based on the fluid dynamics, laser structure and light
weight requirement, three clapboards are added to improve the flow field distribution characteristics. After
optimization, the average gas velocity reaches 99.3 m/s. The velocity non-uniformity in longitudinal direction is
5.2%, and that in vertical direction is 7.1% . The repetition rate of laser increases from 300 Hz to 365 Hz, the
injected energy of single pulse increases from 160 J to 171.5 J. the output energy increases from 20 J to 21.8 J, and
the divergence angle of laser beams decreases by 0.5 mrad. Improving flow field distribution characteristics in the
discharge chamber will enhance the integral performance of lasers.

Key words lasers; transversely excited atmosphere CO, laser ; gas uniformity; computational fluid dynamics ;
output energy; injected energy; divergence angle
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Table 1 Gas velocity measured by pitot probes
Point Velocity/(mes ')
1" row 0 82.5 86.° 84.8 86.2 85.9 81.8 0
2™ row 0 90.4 94.1 96.8 98. 99.5 97.9 98.9 98.6 97.1 97.8 97.9 94.2
3" row 0 85.8 89. ¢ 89.1 90.7 89.9 85.3
1 , 0, ( 1542 mm) ,
) 1 )
91.6 m/s, 6.2%, 13.4%,
3.1 CFD
CFD
b2l - CFD s
s o CFD
3.2
1 s s
s s s
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o 3 o
s el s
CFD , , 4 o
s N °
1762147 329197
CFD s N
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Fig. 3 Cross-section diagram of lower left flow passage
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Fig. 4 Three-dimensional grid of flow field
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Fig. 5 Distribution of longitudinal velocity
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Fig. 6 Distribution of vertical velocity
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Fig. 7 Distribution curve of longitudinal velocity Fig. 8 Distribution curve of vertical velocity
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Fig. 9 Gas flow distribution in flow passage
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Table 2 Velocity distribution with different layers of clapboards

Number of Average velocity Non-uniformity in Non-uniformity in
clapboards /(mes™ ") longitudinal direction /% vertical direction /%
0 (original structure) 93.4 5.9 12.8
1 97.3 5.6 10.9
2 98.8 5.3 8.5
3 99.7 5.1 6.8
4 98.2 4.9 5.9
4 , 98.2 m/s,
b
o b
N 3 s
10 11 0
10 3 11 3
Fig. 10 Distribution curve of longitudinal velocity Fig. 11 Distribution curve of vertical velocity

with three layers of clapboards

12 3

with three layers of clapboards

Fig. 12 Diagram of flow passage structure with three layers of clapboards
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Table 3 Comparison of experiment results before optimization and after optimization

Non-uniformity Non-uniformity = Repetition

Average velocity ) ) Injected Output Divergence
Measured item / 1y in longitudinal in vertical rate /] /] e / d
mes ener ener; angle /mra
direction /% direction /% /Hz 8 i g
Original
structure (without 91.6 6.2 13.4 300 160 20 6
clapboards)
After optimization
(three layers 99.3 5.2 7.1 365 171.5 21.8 5.5
of clapboards)
3 b ’ A} o
b b
’ o ’ N o
b ’ ’
)
b b
3 o 99. 3 m/s, 5.2%,
7.1%. 300 Hz 365 Hz. 160 J 171.5 ], 20J
21.8 7, 6 mrad 5.5 mrad, s

ol

Wu Jin, Lu Yuantian, Wang Donglei , et al.. Novel long pulse TE CO, laser with 1.5 kW average output power[] ].
Chinese J Lasers, 2010, 37(7);: 1697-1703.

s s s . 1.5 kW TE CO, [J , 2010, 37(7): 1697-1703.

Shao Chunlei, Yang Guilong, Li Dianjun , ez al.. 9.3 pm branch selection research of high power pulse CO, laser[] ].
Chinese J Lasers, 2011, 38(3): 0302008.

. . . Co, 9.3 ym . . 2011, 38(3): 0302008.
Shao Chunlei, Song Xiaofeng, Zhang Laiming. eral.. High power TEA CO, laser with two wavelength free shift output
structure[ J |. Optics and Precision Engineering, 2011, 19(2): 429-436.

. . . TEA CO, [J] . 2011, 19(2); 429~
436.

Wu Wuming, Leng Jinyong, Zhou Pu, et al.. Research progress of high average power electric-energy laser[ ] |. Infrared
and Laser Engineering, 2011, 40(2): 204-209.

. . . [Jl . 2011, 40(2): 204-209.

Ji Hongxu, Tan Rongqing, Liu Shiming, et al.. Grating line selectable TEA CO, laser with tubulous preionizer[] .
Chinese J Lasers, 2010, 37(9): 2389-2394.

s s . . TEA CO, [J » 2010, 37(9): 2389-2394.
Razhev A M, Churkin D S. Pulsed inductive discharge gas lasers[] ]. Optics and Precision Engineering, 2011, 19(2):
238-251.

Razhev A M, Churkin D S. [Jl , 2011, 19(2): 238-251.
Zhong Rutao, Xiong Zheng. Research on continuous/pulse laser cladding superalloy K403[ ] ]. Chinese J Lasers, 2010, 37
(3): 852-857.

0701005-7



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

) . / CO, K403[J 7. . 2010, 37(3): 852-857.

Hasson V. Review of recent advancements in the development of compact high power CO, laser radar system[C ]. SPIE ,
1999, 3707, 499-512.

Cao Jianjian, Liang Siyuan, Li Dianjun. Experimental research on UV-preionized TEA CO, laser[] ]. Laser &. Infrared ,
2008, 38(2): 128-131.

. . . TEA CO, [J] , 2008, 38(2); 128-131.
Ivashchenko M V, Karapuzikov A I, Malov A N ,etal.. A TEA CO, laser with a peak radiation power of 100 MW[] .
Instruments and Experimental Techniques, 2000, 43(1); 119-125.

Benerji N' S, Varshnay N, Abhinandan L. ,ezal.. A compact spark pre-ionized pilser sustainer TE CO, laser[] ]. Sadhana ,
2004, 29(3): 297-303.
Wang Hongxuan. Design of preionization in fast axial flow CO, lasers[]J ]. Laser & Optoelectronics Progress, 2014, 51
(12): 121405.
CO, [l , 2014, 51(12): 121405.
Wang Tingfeng, Tang Wei, Shao Junfeng. ez al.. Analysis of temperature and damage characteristics of HgCdTe crystal
on repetition frequency of CO, laser[J ]. Chinese J Lasers, 2015, 42(2): 0206006.
. . . CO, Hg Cd Te [JJ
, 2015, 42(2). 0206006.
Shao Chunlei. Design of gas circulation system in high power TEA CO, laser[] ]. High Power Laser and Particle Beams ,
2009, 21(1): 1-5.
TEA CO, [J. , 2009, 21(1); 1-5.
Pan Qikun, Xie Jijiang. Shao Chunlei, et al.. High power electric-discharge non-chain pulsed DF laser[]J ]. Chinese J
Lasers, 2015, 42(7): 0702001.

. . . DF 7. , 2015, 42(7): 0702001.

Brown R. High repetition-rate effects in TEA laser[J ]. IEEE Journal of Quantum Electronics. 1973, 9(11). 1120-1122.
Zhang Yeying. Fluid mechanics[M ]. Beijing: Higher Education Press, 1998. 170-173.

™. : , 1998 170-173.
Wang Chao, Shao Chunlei. Application of CFD in the research of the flow field of impulse gas laser's sparkle switch[] .
Computer Simulation, 2008, 25(10); 323-327.

, . CFD Jl . 2008, 25(10): 323-327.
Soong C Y. CFD application to analysis of transport phenomena and epitaxial uniformity of semiconductor thin-film growth
in rotating MOCVD reactors[C]. 4™ Cross-Strait CFD Workshop, Kunming, 2003; 61-69.
Wang Fujun. Computational fluid dynamics analysis[M ]. Beijing: Tsinghua University Press., 2004.

. ™. : , 2004.
Zhang Yeying. Fluid mechanics[M ]. Beijing: Higher Education Press, 1998: 136-137.

(M. : . 1998 136-137.

Hazins V. M. Large eddy simulation approach in problems on floating up of high-temperature thermals in stratified
atmosphere[ ] ]. High Temperature, 2010, 48(3): 402-410.
Shen Z, Li Y P, Cui G X, et al.. Large eddy simulation of stably stratified turbulence[J]. Physics, Mechanics &
Astronomy, 2010, 53(1): 135-146.
Vasin A V, Timofeeva O A. Modeling zones of eddy currents in water-supply galleries of locks[J ]. Power Technology and
Engineering, 2013, 47(2). 114-118.
Hassanzadeh R, Sahin B, Ozgoren M. Large eddy simulation of flow around two side-by-side spheres[] ]. Journal of
Mechanical Science and Technology, 2013, 27(7); 1971-1979.

0701005-8



