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Research Topics: 

1) Superhydrophilic catenoidal aluminum micropost evaporator wicks: 

 

 
 

The thermal management problem of power electronic devices has been the challenge 
over the past decades. Heat pipes and vapor chambers are widely employed in electronics 
cooling. In the past decade, various types of vapor chamber with capillary wick structures 
have been developed due to the evaporator wicks are core elements that determine the 
heat transfer performance. Unfortunately, the traditional porous structures are not 
applicable for the Al vapor chamber because of the technical difficulty. For this reason, the 
most of Al heat spreader generally uses simple linear groove wicks using the extrusion 
process. It leads to a limitation in the performance of vapor chamber. Here, we introduce 
the superhydrophilic catenoidal aluminum (Al) wicks fabricated by a multi-step wet etching 
process followed by wet chemical oxidation. The unique three-dimensional sidewall 
morphology of the developed wick provides the re-pinning of the liquid meniscus during the 
receding, which substantially increases the thin evaporative film area and the resulting heat 
transfer performance. The nanostructured aluminum oxide layer (AlO(OH)) was incorporated 
to enhance both the corrosion resistance as well as the wettability of the wick with water. 
The experiment shows that the heat transfer coefficient of the developed wick rapidly 
increases as the heat flux increases up to ~60 W/cm2. The maximum heat transfer 
coefficient of the catenoidal wick is measured to be ~117% higher than that of the 
previously-reported cylindrical ones. The numerical simulation clarifies that the increase in 
the heat transfer coefficient was due to the ~75% increase in the thin evaporative film area. 
The polarization scanning test shows that the corrosion resistance of the superhydrophilic 
catenoidal wicks was increased by ~82% compared to the unstructured ones, which clarifies 
the incorporated aluminum oxide layer acts as an effective corrosion barrier. 

  



2) Enhanced capillary and heat transfer performance of asymmetric micropost wicks: 

 

 
 

An evaporator wick is one of the crucial elements determining the performance of micro 
heat pipes since the heat transfer coefficient and the critical heat flux are determined by the 
capillary performance and the thin evaporative film area of the evaporator wicks, 
respectively. Previous studies have put great effort into developing a variety of evaporator 
wicks to increase thin film area and/or capillary performance. However, it is still challenging 
to create a surface that can improve both the heat transfer coefficient and liquid supply 
capacity. Dense wicks can achieve high heat transfer coefficients due to their large thin-film 
area, but they also induce large liquid pressure drops, which reduce capillary performance 
and consequently critical heat flux. Here, we developed asymmetric capillary wicks 
composed of slanted microposts using inclined photolithography. Then we investigated the 
effects of inclination angle and wicking direction on the capillary and the heat transfer 
performances. The working fluid accelerates when it flows in the slope direction of the 
structure (forward direction, FD) and decelerates when it flows in the opposite slope 
direction (rear direction, RD). We applied the scaling law to the capillary rise experiment 
data to verify that the inclination angle and the wicking direction affect the capillary 
performance. The capillary performance parameter was improved by up to ~39% with FD 
case and decreased by 21.3% with RD. The heat transfer performance test showed that the 
wick-CHF (the enhanced critical heat flux due to the formation of the wick) of the 
asymmetric FD case was increased by 43.3% compared to symmetric ones while maintaining 
the heat transfer coefficient. 

  



3) Artificial neural network-based multi-objective optimization of the vapor chamber with 
liquid supply layer for high heat flux applications: 

 

 
 

 
A vapor chamber (VC) is a highly efficient heat spreading device that is widely used in 

electronic devices, especially in high-power applications. The porous wick structure is an 
important element of VC that plays a role in evaporating and transporting the working fluid. 
The wick structure is designed to enhance liquid spreading and evaporation by providing 
high capillary pressure and large thin film area. Hybrid wicks or multi-artery wicks have the 
advantage of significantly improving the critical heat flux compared to a single layer wick by 
separating the working fluid transport section from the evaporation section. Here, we 
developed ANN-based multi-objective optimization process to predict the performance of 
the vapor chamber (VC) with liquid supply layer, designed for high heat flux applications. We 
used a numerical model to study the thermal performance of the VC and its structural 
components. An artificial neural network (ANN) surrogate model was developed that can 
predict thermal resistance (Rvc) and critical heat flux (CHF) through given input variables by 
bypassing the process of comparing capillary pressure (calculated using the Young-Laplace 
equation) and pressure drop (computed via a numerical analysis model). We were able to 
obtain optimal design variables that minimize thermal resistance for various CHFs using the 
ANN-based Multi-Objective Genetic Algorithm (MOGA) method. At a heat flux of 500 W/cm2, 
the Rvc of the VC with liquid supply layer is 1/3 of that of the VC without liquid supply layer. 
Additionally, the junction temperature in the VC with liquid supply layer is approximately 

100 ℃ lower compared to the VC without liquid supply layer. Our approach resulted in a VC 
with significantly reduced thermal resistance and enhanced critical heat flux (CHF), primarily 
due to a well-delineated role division between the evaporator wick and the liquid supply 
layer. 

 


