Refrigerant spray cooling of electronics

Kotsopoulos D., Kalogiannis K., Romeos A., Giannadakis A. , Perrakis K.,
Panidis T., Koutroumpinas S. and Chen B.

Laboratory of Applied Thermodynamics, Department of Mechanical
Engineering and Aeronautics, University of Patras, Greece



Contents

® Motivation

® Experimental Setup & Methodology
® Results & Discussion

@ Summary & Conclusions

ICVEM..2025



& LAT Motivation ICVEM..2023

@ Power electronics require effective cooling techniques to:

B Maximize power density
B Optimize performance efficiency
B Improve reliability and increase life expectancy

@ Refrigerant Spray cooling as a two-phase cooling scheme can:

B Dissipate significant heat loads
B Maintain the electronics temperature at the desired operating conditions

@ Spray cooling heat transfer mechanisms involve:

= Evaporation of the liquid film over the surface

B Turbulent forced convection heat transfer due to the impact of the sprayed
droplets

B Formation of active nucleation sites resulting in the appearance of bubbles

B Creation of secondary nucleation points due to the continuous droplets
Impingement
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Spray chamber characteristics

® 50 ml internal volume

B 5 X nozzle tubes corresponds for 5 spray heights (15, 20, 25, 30, 35 mm)
B 2 x Danfoss OD full cone nozzles (45° & 60°)

B 2 Xx @8 mm run off holes

B 17 mm plain pure copper surface as the heating medium

B Transparent visualization windows
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Experimental conditions
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Spray height effect for 60° spray nozzle @ 4.5 gr/s
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Spray height effect for 45° spray nozzle @ 4.5 ar/s
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Mass rate effect for 60° spray nozzle @ 25 mm
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Mass rate effect for 45° spray nozzle @ 30 mm
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Spray cone angle effect @ 25 mm spray height
& 4.5 gr/s mass flow rate
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Formation of active nucleation sites and secondary nucleation points due to droplets
Impingement is the main heat transfer mechanism

243.52 W/cm? maximum heat flux is achieved for 4.5 gr/s mass flow rate at 35 mm spray height
and 60° spray nozzle

B 129.68 kW/m?K maximum heat transfer coefficient is achieved for 4.5 gr/s mass flow rate at 25
mm spray height and 60° spray nozzle

B The increment of spray height results in the optimal performance in terms of HTC at 25 mm for
60° spray nozzle and at 20 mm for 45° spray nozzle respectively

B Increasing spray height leads to larger heat fluxes both in 45° & 60° spray nozzles

For 25 mm spray height, 4.5 gr/s mass flow rate exhibits the best cooling ability in terms of HTC
and heat flux while the rest of the mass flow rates tested show the same behavior

For 30 mm spray height 4.5 gr/s mass flow rate displays a slightly better cooling performance
than the other mass flow rate examined

B The 60°spray nozzle has a better cooling ability compared to the 45°spray nozzle both in HTC
and heat flux

13



QS AT Results & Discussion

-

THANK YOU FOR YOUR ATTENTION

ICVEM..2025

v
LABORATORY OF APPLIED “' SprayEleCtr0C00| | Nng
THERMODYNAMICS _ A

High Efficiency Heat Dissipation and Energy Conservation for
Ultra-High Power Electronic Devices Based on Flashing Spray

project

' e = ELIA
#meazon &) ¥ KL~ - o rat " w2020

Nepideperaxnig Avanrugng avémugn - epyaoia - aAAnkeyyin



	Slide 1: 10th International Conference on Vortex Flow Mechanics
	Slide 2: Contents
	Slide 3: Motivation
	Slide 4: Experimental Setup & Methodology
	Slide 5: Experimental Setup & Methodology
	Slide 6: Experimental Setup & Methodology
	Slide 7: Results & Discussion
	Slide 8: Results & Discussion
	Slide 9: Results & Discussion
	Slide 10: Results & Discussion
	Slide 11: Results & Discussion
	Slide 12: Results & Discussion
	Slide 13: Summary & Conclusions
	Slide 14: Results & Discussion

