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Study on jet array impingement cooling for crystal mo~nle of thin disk laser

SHAO Na, ZHU Xiao, ZHU Guangzhi, WANG Mu, ¥ NG Yufan, HUANG Yan
(National Engineering Research Center for Laser Processing, School of Opticul end Electronic Information, Huazhong University

of Science and Technology, Wuhan 430070, China)

Abstract: In order to analyze the core factor of cooling effect of ‘et orray impingement unit of disk-laser crystal module, the
effect of apertures, hole-to-hole spacing and nozzle-to-plate spscirg <n jet array impingement cooling was analyzed by numerical
calculation under certain total area of each nozzle. Hee: tzoste. coefficient was analyzed comparatively by experiment. The
cooling effect was verified in actual disk laser. The res.uts shovs that nozzle B of hole aperture 0. 6mm and hole-to-hole spacing
1.6mm has the highest heat transfer coefficient. Heat transter coefficient can reach 55000W + m > - K™' at water flow rate of
3L/min and nozzle-to-plate spacing of 3mm. Tiicre is optimum value of nozzle-to-plate spacing at different inlet pressures. The
optimum value of nozzle-to-plate spacing of nczzle B is 0. Smm at inlet pressure of 0. 2MPa. Verification experiment on actual
disk-laser shows that the cooling temperature of nozzle B declines S°C lower than of nozzle C, at water flow rate of 6. 51/min,
nozzle-to-plate spacing of Smm and v reat ¢f 200A. The conclusion provides a reference for the design and the optimization of jet
impingement cooling unit of thir.-di -k las=r crystal module.
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Fig. 1 Model of jet impingement cooling structure of disk laser

Fig.2 Cooling unit arrangement of disk laser
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Table 1  Parameters and boundary conditions of the model

thin-disk crystal heatsink boundary conditions

diameter of

diameter 15mm diameter 23mm radiation 9mm
heating area

thickness ~ 0.2mm thickness 2mm  heating power 120W

material ~ Yb:YAG  material copper coolant 20C
temperature

thermal 5.5W/ thermal 405W/

3L/min

ate of fl
conductivity (m - K) conductivity (m - K) rate of flow
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Table 2 Parameters of nozzles

parameters nozzle A nozzle B nozzle C
d/mm 1.53 0.6 0.6
Dy/mm 7 7 4
L/mm 4.74 1.6 0.85
the number of orifices 3 19 19
total area of the orifices 5.5mm?
nozzle-to-plate spacing 3mm

configuration of holesgular triangle arrangement

Fig.3 Diagram of nozzle A, * arua ’.
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Fig.4 Jet impingement cooling surface liquid velocity and heat transfer co-

efficient distribution of nozzle A
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Fig. 5 Jet .mpingement cooling surface liquid velocity and heat transfer co-

¢‘ficient distribution of nozzle B
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Fig. 6 Jet impingement cooling surface liquid velocity and heat transfer co-

efficient distribution of nozzle C
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Fig.7 Jet impingement cooling liquid velocity vector distribution of nozzle
B and C
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Fig.8 Average heat transfe: coei’ivier ¢ and max temperature of thin-disk

crystal with different acz'es
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Fig.9 Relationship between max temperature of thin-disk crystal and no-

zzle-to-plate spacing at different inlet pressures
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Fig. 10 Experiment equipment of jet impingement cooling
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Fig. 12 Flow chart of experimental data procezsiuz
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Fig. 15 Experiment equipment of jet impingement cooling on disk laser
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