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Research and design of discharge tube structure
of fast-axial-flow CQO, lasers
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University of Science and Technology, Wuhan 430074, China)

Abstract: In order to grasp the influence of the discharge tube structure on the flow field and working performance of a high
power CO, laser and get a more uniform and stable glow discharge, numerical simulation of the flowing status in discharge tube
was done and the computational results matched the experiments results well. The flow fields of different tubes were compared. A
new discharge tube structure was designed. The results showed that the flowing field characteristics influenced the uniformity and

stability of the glow discharge in tubes. A more uniform flow field and discharge could be got in the new tube needing more

optimization.
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Fig.1 The geometry of inlet structure of the tube a
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Fig.2 The geometry of inlet structure of the tube b
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Table 1  Experiment observations

discharge
o tube a tube b
characteristics

normal glow normal and uniform

2800W output
discharge glow

normal but non-uniform arc occasional

3500W output

glow discharge glow discharge

temperature rise

at 3500W
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Table 2 Specifications of boundary conditions used in computation

types of boundary conditions values

ratio of working gas composition

V(€0,): ¥V (Ny):V (He)

4.2:27.5:68.3

specific heat at constant pressure of
1943/ (kg + K)
working gas

thermal conductivity of working gas 0.143W/(m - K)

2.313 x10 kg/(m -« s)

viscosity of working gas

total pressure at inlet 18400Pa

temperature at inlet 293K
turbulence kinetic energy at inlet 166m? /s’
turbulence dissipation rate at inlet 246100m? /s

1.15 x 10 W/m?

heat source item
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Fig.3 Plots of the velocity magnitude versus axial length in tube a
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Fig.4 Plots of the velocity magnitude versus axial length in tube b
AbF B2, R ERAE FER/IME R A2 60m/s, T H:
ERER XA B AR S — B

AL, FERAE R ERE T, 2 BRI RER, JE
FEBE A, B BRI, (B8 A3 5 A A 5
FEERRA PR, B 3R AR X A A R AR, 1E
W3S R SR A M 2 A SRR WA E, 2
T B B 5 B TR R B SRR RRE I R R
Ho b B REMME, WER/D, VHFBRFABK, HEK
ThERIY 25 5 7 OGO , ARl S R, e TN
FRE S IR AR 2, BT ARERR B+ 43 3 S
FRERMEHE . ZHRAELERHRL, BBREH
2R (b B BRI I R, R TSR R E
M, AR, BT T R, NIRE R R Mt 20
1 7 e i S OGP

2 HHEEE

HEF R, b BB RS IBRNBEE ERT o
B EHAEWER, TR R, AR, BT &K
A BUS B R , KRBT — R P e, BIXS b &
FAT R B0, B EIE 5 FIR K EM RS o

anode pin
———

ﬁ'gas flow
Fig.5 The geometry of inlet structure of the tube ¢
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Fig. 6 Plots of the velocity magnitude versus axial length in tube ¢
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Table 3 The mass flow rate of the three tubes

computational results tube a tube b tube ¢
mass flow rate/ (kg - s~1) 0.00295  0.00228  0.00246
outlet average velocity/(m - s~ ') 280 220 240
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