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Extended Abstract
Boiling heat transfer is widely utilized across various industrial sectors due to its superior heat transfer efficiency. In

boiling heat transfer, critical heat flux (CHF) is a key parameter that represents the maximum acceptable heat flux on a
heating surface. At the CHF point, bubbles generated from the surface merge to form a vapor film that covers the surface.
Since vapor has low thermal conductivity, the vapor film causes a rapid temperature rise at surface temperature, potentially
leading to surface destruction. To enhance the CHF, fluid supply to the heated surface must be improved. Fabricating
micro/nano-sized structures on the heating surface is a well-known method for enhancing fluid supply. The capillary forces
generated between the microstructures significantly promote fluid supply, thereby effectively suppressing vapor film
formation [1]. Moreover, researchers have also studied enhancing the CHF by increasing surface roughness through the
deposition of nanoparticles.  Numerous previous studies have focused on enhancing heat transfer performance by depositing
nanoparticles onto micropillar structures [2]. However, there is a notable lack of research on the effects of nanoparticle size
on boiling heat transfer performance on fabricated microstructures

This study aims to address this gap by examining the changes in boiling heat transfer performance when nanoparticles
of various sizes are deposited onto pre-fabricated micropillar structures (MPS). For this study, silica (SiO2) nanoparticles
with 8,60, and 400 nm were selected. MPS with a diameter, gap, and height of 4, 10, and 15 μm, respectively, were fabricated

using MEMS processes. These MPS samples were placed in a boiling chamber with dimensions of 25 Χ 25 Χ 20cm3. The
chamber was filled with a nanofluid prepared by dispersing the nanoparticles in deionized water at a concentration of
0.0005wt%. The experimental procedure was conducted by increasing the heat flux applied to the micropillar structures by
10W/cm2 every 10 minutes. After each 10-minute deposition period, bubble behavior was recorded using a high-speed
camera. Additionally, a wicking experiment was conducted to characterize the fluid supply properties of the surface.

 Experimental results showed that only the 400nm NMPS exhibited improvements of 13% in CHF and 17% in heat
transfer coefficient (HTC). Furthermore, boiling experiments confirmed that increasing the size of the deposited
nanoparticles led to a greater enhancement in CHF. Although we attempted to correlate this CHF enhancement with the
wicking experiment results, the wicking characteristics alone could not fully explain the observed improvement in CHF on
the coated surfaces. Based on these findings, a new CHF correlation is proposed that incorporates both wicking ability and
surface porosity [3]. This correlation accurately predicted the experimental results within a ± 5% margin of error.  These
results indicate that CHF and HTC can be effectively enhanced by improving both wicking and porosity through the
deposition of 400 nm nanoparticles on microstructured surfaces.
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