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Thermal simulation analysis for slab laser amplifier based
on microchannel heat sink
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Abstract : As is well known,thermal effect is a major bottleneck limiting the development of high-power and high-en-
ergy lasers. During the process of producing high-energy lasers,a large amount of waste heat is generated , which af-
fects the beam quality of high-energy lasers and even their normal operation. In order to ensure the stable operation of
the high-energy laser and study the heat distribution state of its working material in the process of heat dissipation, this
paper establishes a dual end water entry microchannel heat dissipation model for high-energy Zig-Zag Flat noodles la-
ser amplifier. The heat dissipation of microchannel and cavity heat sink is compared under rated conditions using CFD
simulation software. The variable parameters of the model are also studied :channel height, fin thickness, And the im-
pact of water flow rate on heat dissipation performance. Simulation studies have found that the cooling effect of the mi-
crochannel heat sink proposed in this article is better than that of full cavity water cooling. The microchannel heat
sink controls the maximum temperature difference on the crystal surface within 4 °C ,and the surface temperature is al-
so reduced by 32 % ; Optimizing channel parameters within the allowable range of pressure drop can further improve

the cooling effect by 10 % ,achieving distributed and efficient heat dissipation of gain media.
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Fig. 1 Overall structure diagram and three views of microchannel heat

sink based on Zig Zag Flat noodles laser
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Fig. 2 Composition diagram of water flow direction and

heat sink in microchannel
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Fig. 3 Internal water pressure distribution diagram at different flow rates



Wt 5 44 No.3 2024 ES

WELAE TRl 18 A AR AR O ORAR AT 1A 343

P 3 A K 1R KV LA 2SR Ity I, A TR
RN, N— AR, W Rl LR
#J,7£ 0.5 L/min 2.5 L/min I 7K@ AL 252 LAY
IKESER AR T — AR R, 7.5 L/min B 3K
BT PAARMER T, 1S L/ min A E] T PUASFRiE
RAERIEST o R KV ML 7K v ZER F0E IE P
FIRE [T AT AR 32 B T T A8 — AR B 5 5, 2 R
s 3 AT 2> T B0 8 P9 A BE T 28 5 | dE i 1 FH €
FERIINHOEIE S o P, Ay B K
2.5 L/min RAFTHABBIY o
4.3 REMA L HEE R A B4 5 M g T I

Tl T8 BT 8 e B R A A Rl S 45 4, FL2h
Fag it phy 2 Js AT SO T A 1R, A 25 JE AT R I A 8
FLASH R R AR 2 LA I B T 2451 14 ik
LM, ARAAE 2.5 L/min A7 51800 3380
IR RS AT B L, el 05 R 1 AR AR
F MR A N 4 B o

44.67
43.75
42.83
41.91

(a) 2T

32.59
32.31
32.03
31.75
31.46
£31.18

R (A [°C)

(b) odEE AT
B4 LR R TR 5
Fig. 4 Temperature distribution of crystal surface by simulation
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distribution in microchannel heat sink with fin height of 1mm
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