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ABSTRACT

Marine boilers are commonly categorized based on pressure, typically into medium-pressure boilers (3.85.3
MPa), sub-high-pressure boilers (5.39.8 MPa), high-pressure boilers (9.813.7 MPa), ultra-high-pressure boilers
(13.716.7 MPa), subcritical pressure boilers (16.722.1 MPa), supercritical pressure boilers (>22.1 MPa), and ultra-
supercritical pressure boilers (2531 MPa). Regardless of whether they generate steam, chemical treatments are re-
quired to mitigate the risks of scaling, corrosion, or oxidation in the pipelines. Effectively preventing scaling and
corrosion requires removing dissolved gases, hardness salts, and various contaminants (such as oil, acid, or sludge)
from the water.

This study utilizes computational fluid dynamics (CFD) modeling to establish non-structured grid and construct
numerical simulations and analyses of marine boiler pipeline system equipment models. During the heating process
of the boiler, dissolved oxygen in water accelerates the microbattery reaction between iron and water, causing oxy-
gen to react with ferric hydroxide (Fe(OH)3) to form water and ferric oxide (Fe203) or iron oxide rust layer, typical-
ly initiating rust spots or pits on metal surfaces. When these spots gradually become anodes, severe corrosion occurs.
By adding chemical agents (phosphate PO43— or polymers) to soften scale and subsequently conducting appropriate
flushing, the aim is to effectively simulate corrosion prevention and prolong equipment lifespan in pipeline systems.

Additionally, through simulated research processes, the study aims to deduce some physical phenomena regard-
ing boiler water testing and fluid flow, as well as the effects of chemical solution flow rates and changes in gas inlet
velocities on the system. The adjustment of gas inlet flow rates affects the reactants, and by increasing the tempera-
ture of feedwater and adding chemicals, the pH of condensate water can be reduced to facilitate the absorption of
carbon dioxide (CO2).

This research, conducted using ANSYS Fluent® numerical simulation, aims to compare and propose better so-
lutions for corrosion prevention and scaling strategies in marine boilers or auxiliary boilers. Currently, most com-
mercial vessels rely on diesel engines as their primary power source, while a few tankers, due to their high steam
demand, use steam turbines. However, the main difference between these two lies in the working pressure of the
steam boiler, which consequently affects the water quality requirements. Auxiliary boilers only require comprehen-
sive chemical treatments for multifunctional protection, whereas high-pressure boilers necessitate stricter standards
for testing and adjustments to ensure stable steam generation without causing corrosion or scaling in the pipelines.



