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Abstract: To investigate the pool boiling heat transfer characteristics of porous surfaces under
high-pressure conditions, the effects of pressure, surface structure, and material on boiling heat
transfer are systematically analyzed in this study. Specifically, experiments were conducted as
follows by using deionized water as the working fluid: The working fluid was pre-boiled to remove gas
and eliminate non-condensable gas interference; comparative experiments were conducted under
multiple working conditions with the pressure ranging between 3—10 MPa pressure to measure
the coefficients of wall superheat and heat transfer on smooth and porous surfaces of structures
made of 304 stainless steel and 20 carbon steel; variations in the heat transfer performance were
analyzed based on boiling bubble dynamics and surface characteristics. The results reveal the
porous surface exhibited a heat transfer behavior opposite to the smooth surface under high
pressure. At clevated heat flux (55 kW/m?), a 0. 7 K rise in superheat and a 27. 3% decline in

heat transfer coefficient were observed for the porous surface as the pressure increased from
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3 MPa to 10 MPa, whereas a 0. 7 K reduction in superheat and a 28. 6% improvement in heat

transfer coefficient were noted for the smooth surface. The porous surface had significantly enhanced

thermal performance; Within the heat flux range of 15—60 kW/m’, superheat decreased by 1. 2—1.3 K,

and the heat transfer coefficient enhancement ratio reached up to 1. 15—2. 20. Compared to 304

stainless steel, 20 carbon steel demonstrated superior thermal conductivity, reducing superheat

by up to 0. 5 K and improving heat transfer coefficient by 9. 7%. However, 20 carbon steel

suffered accelerated corrosion in the high-temperature aqueous environment, which led to

performance degradation. This study is intended to provide experimental data that may serve as a

basis for the enhancement of boiling heat transfer performance under high-pressure conditions.

Keywords: high pressure; pool boiling; boiling heat transfer characteristics; sintered porous

surface
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Fig. 1 High pressure boiling experimental system
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