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Abstract: In order to study the thermal characteristic of output window during the working process of
high power CO, laser, a time-dependent model coupled with heat transfer and structure mechanic was
established to calculate the distribution of temperature, thermal deformation and thermal stress. First, the
physics characteristic of output window materials was discussed. Then, based on the resonant cavity
structure of 10 kW TEA CO, laser and the physics characteristic of output windows, a heat transfer and
structure mechanic model was established. Finally, COMSOL finite element software was used to
calculate the distribution of temperature, thermal deformation and thermal stress. The influence of

different materials of output window on parameters was analyzed. The results indicate that the temperature
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rise of ZnSe output window is less than the GaAs output window when the output power is consistent for

both materials; the deformation of output windows is in the range of pum dimension under the 10 kW

laser power condition; the distribution of thermal deformation and thermal stress is more even in GaAs

output window for its high heat transfer coefficient.
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Fig.1 Sketch map of resonator in high power CO, laser
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Tab.1 Material characteristic of output windows

Item ZnSe GaAs

Bulk absorption coefficient/cm™ 0.001 0.01

Thermal conductivity/W+cm™-C! 0.18 0.48

Specific heat/J-g'- T 0.356 0.325
Linear expansion coefficient/C™ 7.57x107°  5.7x107°

Young's model/GPa 67.2 83

Rupture modulus/MPa 55.1 138

Density/g - cm™ 5.27 5.37

Poisson’s ratio 0.28 0.31
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Fig.2 Mesh model for output window
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Fig.3 Temperature distribution of output window along radius
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Fig.4 Temperature distribution of output window in cross-section

P 5 2o it B 10 Vb i R B I TR A2 1k
FEWO GRS it 0 R BE IR 240 T B IHIRES
SR B B TR B, SR il T R AR
P T 1RO S T PO R R IR AR T A T AL
SR

5% 46 %
110F
A 40
o 100F i 19} .~
< 90 e e L -
15} e 3] 36 -
= 80r s = ~
= 2 = v
S 70F - 5 32r e
g eop =7 2 gl ‘
g 50F 7 g ./_/
& 40'// —7=9 mm| & 24+/.7/ —7Z=9 mm
30p _ P4 Cm7—
20 L L , = ~Z=0,mm 20 L L Z=0,mm
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time/s Time/s

(a) GaAs fij i 1 (b) ZnSe % H & 1

(a) GaAs output window (b) ZnSe output window

Pl 5 i 1 TR PO RIS T8 P s T E 43 A
Fig.5 Temperature distribution of center at output side and

incident side

32 MHEOTESH

i H0 T VAR RS AR R T AR
IFHOCAEREIT 10 IR IE KR TE 5 B AR )5 1 Y
I 5 1 g 52 R, ZEAS ) AN BE A RS IK S A Y
it BIE

WOBEE I RE b B D UL T (2 B
Y78 5% W O G R AL e BT, RIGCR D Z Sl 2 7%
Fonfm i i\ AR IE

Kl 6 FnBOLVE 60s B, % o 01 5 i 42
6] R FE o3 A1 o A T 1 g 52 FROANBE F el 2, 0 1
B T RTATE 7Y Rarayio 7 i R Et S LR ik p S8 E0E 7/ B
PEFUANE, JF BRSO RE A [A] , GaAs 7 H 48
KT ZnSe % H . BWOGTEAL THe 28 34 N,
GaAs & A5 3 wm, i KA R 5 5 /NEE
ZAHM 0.1 pm,ZnSe % HFHAETE R 0.5 pm, K
I e/ NVETE 2270 0.23 wm , BIRRADRLE 7E S 11 H
DAL /N

0.7
0.6
0.5r
0.4
0.3
0.2
0.1

Displacement/pm

SO = = = NN W W

Ahoobhxivaon
S T

Displacement/pm

*2IO 0 2‘0 40 *3|0 - |10 1IO 310
X/mm X/mm
(a) GaAs fiy H % K (b) ZnSe KL% 0

(a) GaAs output window (b) ZnSe output window

&l 6 i th o M A ) AR T 43 AT
Fig.6 Displacement distribution of output window along radius

direction

7 TR BOEVERT 60 s B,y B 1R A T 44
AL LR 504 . T GaAs HRHA SR PR

0205005-4



9Nk TAE

5 2 M

www.irla.cn

% 46 %

HAE T R BT s T PR AR A e il AR X8,
T 1 AH [ J5 B2 AT PR T BE AR — 3 ; ZnSe A1 RHA T
N AL Y B LAEOEAS A
] D i 9 B i P AR B 43 A, ZnSe B 1 AH 7] J5 2 48 TAT
MY IRASIE 22 S AR, PR R} T 8 1)l 1 7R 11 341
WOCA ST = A e KIVETE | GaAs 1 H A9 R AR
JEA 4.3 pm, ZnSe B H I KA R 1.6 pwm

r A 431um A 1.65um
\ (/ w431 0.67 m 1.65
\
| M 3.50 0e b 1.40
-0.55
| 1.2
1 = 2.69 - 1.16
[ 1.88 0.42 0.91
-1.4 {
0.17
|0.26 1.07 16 0.67
4.3 1.4
%I.s k4 0.26 H I 0.42
zﬂ 0.91
[ - -0.55 | H0.17
[ -0.071!
-3.0 \ ™ -1.37 ‘ = -0.07
\
|
1.9 =218 = —0.32
{
) 14 = -2.99 032 | w —0.56
v -2.99 ¥ -0.56

(a) GaAs fij i 0 (b) ZnSe % i 7 11

(a) GaAs output window
7 Kyt T I R TR PR 23 A

Fig.7 Displacement distribution of output window in cross-section
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