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Thermal Effect of LD End-Pumped Laser Crystal Rods Based on

Convective Heat-Transfer about Side Surface
Li Jian Hua Wengiang Huang Chunxia

Zhang Yu Zhang Haijuan Chen Feng
(Laboratery of Modern Optics, College of Physics and Electronics, Shandong Normal University ,
Jinan , Shandong 250014, China)

Abstract The thermal effect of Nd: YAG crystal rods induced by laser diode-pumped is analyzed theoretically, the

more rational boundary conditions are established considering the distribution of laser beam in the crystal and the heat
convection between the side surface of the crystal and the coolant. As a result, the more actual temperature field in

feature of end-pumped
Key words

the crystal is obtained, and the influences of crystal radius and side surface area on thermal effect are calculated
correspondingly. As decreasing the crystal radius

simultaneously. The results show that the temperature in the center and on the side surface of the crystal increases
=]

when the convective heat-transfer about the side surface is considered, the focal length of crystal increase a little bit

ius, the differences in temperature between the center and the side
surface of the crystal decrease, the focal length of crystal increases and the thermal effect of the crystal reduces. As
increasing the side surface area, the temperature of the crystal decreases, while the focal length of crystal decreases
and the thermal effect aggravates, for the rate change of temperature nearby the crystal center increases for the

lasers; thermal effect; convective heat-transfer; finite element method
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Fig. 1 Schematic diagram of cylindrical laser crystal
thermal model
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Fig. 2 Temperature field distribution diagram

350 — ——
A —— P=10 W boundary
—¥- P=10 W center
— P=15 W boundary
—+—P=15 W center

250

— P=20 W boundary
8 T4 P=20 W center

T/C

150

50
16
0

2 /mm

Pl 3 e Jl B M 2% 1D R B B E T F ) AR Ak
Fig. 3 Thermal distortion of crystal center and side

surface versus input power
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Fig. 4 Thermal distortion of crystal center and side
surface versus input power when not considering
the heat convection between the side surface and

the coolant
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Table 1

Calculated thermal focal length versus different input power

Considering the convective heat-transfer

Input power /W ]
about the side surface /mm

Not considering the converctive heat-transfer

about the side surface /mm

10 207.9614 207. 8820
15 138. 6365 138. 5845
20 103. 9765 103. 9370
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Fig. 5 Thermal distortion of crystal center and side

surface versus crystal radii
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Fig. 6 Thermal distortion of crystal center and side

surface versus crystal radii when not considering

the heat convection between the side surface and

the coolant
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Table 2 Calculated thermal focal length versus different crystal radii

Considering the convective heat-transfer

Crystal radii /mm ]
about the side surface /mm

Not considering the convective heat-transfer

about the side surface /mm

2.0 206. 2814
1.5 207.9614
1.0 211.3178

206. 2540
207. 8820

211.0835
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Table 3 Calculated thermal focal length versus

different crystal side surface area

Crystal side surface area Thermal focal length /mm

Original area 207.9614
1.5 times area 207. 9354
2 times area 207.9223
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