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Extended Abstract

Flow boiling is one of the most effective methods for achieving high cooling rates[1]. It is possible to categorize the
methods for improving boiling heat transfer (BHT) into two broad categories: active and passive methods. The manipulation
of magnetic fluids (ferrofluid) under the effect of magnetic field is one of the active methods that use external power to
enhance heat transfer [2].

Improvements in heat transfer using magnetically actuated nanoparticles have been the subject of both numerical [3,4]
and experimental [5,6] studies. However, few studies have focused on the visualization and analysis of the combination of
significant parameters. This study aims to experimentally investigate the effect of magnetic nanoparticles on saturated flow
BHT by using microstructured silicon surfaces and comparing the heat transfer performance in the absence and presence of
an external magnetic field. Furthermore, bubble force analysis is presented by considering a single bubble under flow boiling
conditions which is an important subject in flow boiling [7].

In this study, we used a rectangular minichannel with a cross-section of (0.5mm x 10mm) and two heating blocks on
the bottom and top sides of the channel. Two side polished silicon wafers with a 500pum thickness and rectangular shape with
a dimension of (0.5mm x 10mm) were used as our substrate. Two different structures, including square and circular cavities
with a dimension of 300um, depth of 50um, and 1mm pitch sizes were tested. Superparamagnetic Iron Oxide Nanoparticles
(SPION) were employed as magnetic nanoparticles. Two different types of working fluid, including deionized water and
ferrofluid, which contained diluted SPION in water, were utilized. We used Helmholtz coils with 3.7 (mT) magnetic flux
density to generate an external magnetic field. In addition, visualization with a high-speed camera revealed BHT and bubble
dynamics characteristics as well as the parametric effects.

Experimental tests were performed under three different conditions, including tests with (DW), tests with ferrofluid
(FF), and tests with ferrofluid in the presence of a magnetic field (FF/MF) at two mass flux of 300, 400 (kg/m’s) and heat
flux range of 26.28 - 142.8 (W/cm?). BHT results show that due to the orientation of the heating blocks, heat transfer
coefficient on the bottom surface was higher than on the top surface. Moreover, adding nanoparticles enhanced heat transfer
and caused an increase in heat transfer coefficient (HTC) up to 21.5%. Application of an external magnetic field to ferrofluid
decreases the bubble departure size and increases HTC on the top surface at high heat fluxes. The maximum HTC
enhancement in the presence of a magnetic field was 25%. However, for the bottom surface, HT was enhanced more for the
ferrofluid case in the absence of magnetic field in comparison with the ferrofluid case in the presence of magnetic field.
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