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Abstract:  

Spray cooling is an efficient cooling method for high power device heat management. Spray cooling 

is particularly favorable because of its high heat flux dissipation capability, precise temperature control 

and reliable long-term stability. Micro, nano and micro/nano structures were fabricated to study the 

effects of these structures on the spray cooling heat transfer enhancement. The droplet impingement 

cooling was numerically studied first to identify the flow and heat transfer details and to offer insights 

into the spray cooling heat transfer mechanisms. Through the advanced experimental method, the 

impact flow and phase change of single microscale droplet were investigated to reveal the heat transfer 

enhancement mechanisms of spray cooling. The boiling phenomenon of the microscale droplet after 

impact was studied theoretically by combining the droplet impact process and the following phase 

change process. Then, the wetting characteristics and heat transfer performance of nano-structured 

surfaces and micro/nano hybrid surfaces were studied experimentally, which showed much higher 

HTC and CHF with these structured surfaces. The spray cooling heat transfer was also studied 

experimentally in a closed-loop spray cooling system using a refrigerant as the working fluid.  

In the process of convection heat transfer of fluids at supercritical-pressures the phase change does not 

happen. Therefore, there is no dryout phenomenon and CHF for impingement cooling with the 

supercritical-pressure fluid. Jet impingement cooling with CO2 at supercritical pressures was studied 

experimentally and numerically. It was found that the average HTC of jet impingement cooling of CO2 

at SCP is rather high than that with spray cooling when the cooling area is not very large compared to 

the nozzle diameter. Spray cooling consumes less coolant compared to jet impingement cooling with 

the same heat flux. 

This study provides useful guidance on the heat transfer enhancement and heat transfer mechanisms 

for spray cooling and supercritical-pressure fluid impingement cooling on different structured surfaces. 
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