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Two-Dimensional Thermal Effects in Crystal Slab Heat Capacity Laser
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Abstract The solid state heat capacity laser (SSHCL) , as one of the most important high-power solid-state lasers,
has attracted extensive attention. Numerical simulation of temperature and stress distributions of laser crystal slab in
the heat capacity operation mode is a major means to understand the specific property of the laser. Using the method
of plane stress approximation, the two-dimensional (2D) mathematical formulas that describe the temperature and
stress distributions of laser diode (ILD) pumped heat capacity slab laser are derived. Then the absorbed pump power
density, 2D distributions of temperature and index of refraction are also analyzed and discussed. According to the

results, the 2D distributions of temperature and stress are more homogeneous than that of the one-dimensional

distributions.
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Fig. 1 Geometry of zigzag slab laser

AR 5L LA 18 J5 om0 O D B LA ROSE 4y
MK —W/2<2<W/2; —h/2<y<h/2;—L/2
< =< L/2.W.h L 535 g A ) 58 BE L J5E B A JEE
[Fi) BN 158 A ST 3] i 14 3 T 9 il 3 6 RUALE o« O Il AR 3
57 HR FE 40 A B eR A £ (o) FoR s I BT AR Y
iz s Ak K2 v J5 1a) 1 R 8. 75 4025 1B B iz
JEAENT v 7 AT AE — UOF I 58 A Wl i 3 51 A
— A RS R SR, WA AR N R A 6
pans (x5 3) A LAFRIR R

Pavs (X5 3) = pus (3) X (), @)

aP ,exp(—ah/2)

Pabs () = WLLT — R, exp(—ah )]cosh(ay) )

(2)
ﬁ¢R,:$;33nWﬁEWMﬁ%$anA

SR AR R T B BB TR o R R B S bR

32 6 % Th AN 35 5 AR ME FH — A~ Bl R BOUE B R

TE LIS P AT LR A S G 58 1) SRy 35 R 1 A0 BE 5 o FE

5% WL T E ML (o) B R — 4B

A5 A 8 16T 1 pR VRS, L AR IE R BGHE 3 X & T R

RO R4 A LA E BE e NS I R EE R
£ = 0,95+~

Wi
A r =0.6,
B2 25 1 T A 5 A N il iz S e i % B2 43 A s 1A
W AR bR R A LA AR X R A A
AR R WACRIC3 B . S TR MR s

3

# ot 34 %
3 [
i !.!,\(\\\\\\

B 2 Hot T RE Mz iR KOG
AN 5¢ ' wik BE 43 A
Fig. 2 Relative fluorescence intensity distribution in a

LD-pumped slab
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Fig. 3 Efficiency of absorption versus slab thickness
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Table 1 Parameters in the computation

Material Nd: YAG Nd: GGG
Thermal conductivity K /(W/(m « k)) 13 6.5
Young's modulus E /TPa 0.277 0.22
Poisson’s ratio v 0.28 0.28
Thermal expansion coefficient o’ /(X107 K1) 6.9 9.5
Initial index of refraction value n 1.82 1. 97
Change in index of refraction with temperature dn/dt /(X107% K™1) 7.3 15
Material constant M, /(X107° m*/s) 5.1 3.4
Thermal loading power per unit volume Q, (W/cm?®) — 15~30
Volume= L X W X h /em® — 12X 4X1
Pump absorption coefficient o /cm ™! 3.8 3
Thermal diffusion coefficient y /(m®/s) — 2.4X10°°¢
B, /(TPa/s) 0. 34 0.42
B, /(TPa/s) —0.91 —2.21
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Fig. 4 Temperature distribution (a) and

isotherm diagram (b) in the slab
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Fig. 5 Stress distribution in the x direction (a) and

constant stress diagram (b) in the slab
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