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Experiment Study on Non-Boiling Heat Transfer Performance in
Spray Cooling for High-Power Laser

Wang Yaqing Liu Minghou Liu Dong Xu Kan
(Department of Thermal Science and Energy Engineering, University of Science and Technology

of China , Hefei, Anhui 230027, China)

Abstract Using water as coolant, Steinen 1.5,2.0 full-cone nozzles with spray cone angle 60° were applied to study
heat transfer performance of spray cooling for high-power laser in non-boiling regime when mass flow rates ranged
from 3.26 L/h to 5.0 L/h. The results indicate that heat transfer can not be judged by mass flow rates only. For the
same nozzle, the increasing of pressure and mass flow rates resulte in the increasing of heat trarsfer performance.
For different nozzles, the heat transfer performance doesn’t increase obvirously, if droplet velocity is not varied
significantly. increased mass flow rates can change other spray parameters such as droplet flux, droplet size and film
thickness, and all the parameters determine spray heat transfer performance together. Mass flow rates and droplet
velocity are the key parameters to influence cooling efficiency. For the same nozzle, enhanced pressure could result
in cooling efficiency drop. Compared with smooth wall, the rough wall has better heat transfer performance and
cooling efficiency in non-boiling region.
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Table 1 Parameters of nozzles atomization

Nozzle model Gauge pressure /MPa Q /(L/h) V /(m/s)  Partical size /um Number of droplets /(1/(cm® * s))
#1.5 0.5 3.26 28.52 78.6 3575950
#1.5 0.6 4 31.83 74.3 5187670
#1.5 0.7 4.61 35.2 70.4 6981700
2.0 0.5 4.95 28.6 85.3 4172100
2.0 0.6 5.6 31.9 80.9 5592190
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Fig. 4 Heat flux (a) and heat coefficient (b) versus wall temperature
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