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Numerical Simulation of Thermodynamics in Cooling for
Heat Capacity Laser

HU Hao, CAI Zhen, JIANG Jian-feng, TU Bo, PEI Zheng-ping,

ZHOU Tang-jian, CHENG Yu, TANG Chun
(Institute of Applied Electronics, China Academy of Engineering Physics, Mianyang, Sichuan 621900, China)

Abstract The thermodynamic model of laser medium was established to study the thermodynamic characteristic in
laser medium cooling of heat capacity laser. The exchange heat on the end surface of laser medium was regarded as
the heat source of the transient heat conduction equation. The heat conduction model in cooling was got. The
transient temperature field in the laser medium cooling was got. Then, the thermal stress of the laser medium was
got. By using numerical simulation, the cooling time, and the different in temperature and thermal stress of the
YAG medium and the GGG medium at different cooling condition were obtained. The cooling time is greatly
decreased as the convective heat transfer coefficient is increased from 0.1 Weecm 2 « K™' t0 0.5 Wececm™? « K71,
The cooling time is little decreased as the convective heat transfer coefficient increased from 0.5 W+ em™? « K™ to
1 Wecem 2+ K!, The cooling time of YAG medium is less than that of GGG medium at the same volume and the
same initial temperture field. The difference in temperatue and the maximal equivalent stress of YAG medium are
less than that of GGG medium’ at the same cooling condition.
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Fig. 1 Schematic diagram of heat capacity laser pumped

by laser diode arrays
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Fig. 2 End surface temperature and center temperature versus time at different convective heat transfer coefficient
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Table 1 Cooling time, maximal difference in temperatue and maximal equivalent stress of the GGG medium at

different convective heat transfer coefficients

Convective heat transfer Cooling Maximal difference in Maximal equivalent
coefficient /(W ¢ cm™2 « K1) time /s temperatue /K stress / (kg * em %)
0.1 92 26 823
0. 25 52 44 919
0.5 39 59 1162
0.75 35 66 1232
1 32 74 1521
400 4 — h=0.1W-+cm e K ! ZE:ZIHOLUHDN DEC 26 2006
‘ e h=025Weem” e K suB 5
L 380 Ch=05Weem” K | o
N AN 'S S
2 360 |
£
2. 340 -
g
e
3201
300 -
0 20 40 60 80 100 716
134,236 391.073 6ATT. 91 904.747 1162
Time /s

Bl 3 A [ 3% T 46 A AR B o iR B B ) 9 AR 4
Fig. 3 Center temperature versus time at different

convective heat transfer coefficients
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Fig.5 End surface temperature and center temperature

versus time ath =0.5 Wecm % « K!
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Fig. 6 Center temperature versus time at different

convective heat transfer coefficients
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Table 2 Cooling time, maximal difference in temperatue and maximal equivalent stress of YAG medium at

different convective heat transfer coefficients

Convective heat transfer Cooling Maximal difference in Maximal equivalent
coefficient /(W + cm™? « K™1) time /s temperatue /K stress /(kg * em™%)
0.1 71 19 454
0.25 37 34 724
0.5 26 48 971
0.75 22 56 1040
1 21 61 1070
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