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Printed Circuit Heat Exchangers (PCHEs) are prized for their efficiency,
compactness, and reliability, especially in critical applications like LNG regasification
and cryogenic fluid handling. This study employed Computational Fluid Dynamics
(CFD) to analyze and evaluate the performance of PCHEs.

The first objective was to assess the performance of zigzag PCHEs, focusing on
both thermal and hydraulic performance under steady-state conditions. Key
parameters such as effectiveness, heat transfer coefficients, and pressure drop were
examined. The analysis revealed that the performance of the zigzag channel varies
significantly when the bending ansle reaches a critical value. To better understand this
phenomenon, a dimensionless parameter, the Bending Number (B) defined as the ratio
of channel width to bending amplitude was introduced. Results indicated that the ratio
of the Nusselt number to the friction factor (Nu/f) is maximized at bending numbers
around 0.5. New correlations for the Nusselt number and friction factor were
developed based-on bending angles and Bending Numbers.

The second ebjective was to evaluate evaporation parameters in minichannel
PCHEs. The study investicated how heat transfer affects the evaporation characteristics
of cryogenic methane. Using CFD with volume of fluid (VOF) simulation, both
convective and nucleate boiling were predicted. The study explored the effects of
fluid pressure, inlet temperature, and channel diameter on evaporation enhancement.
Results showed that the evaporation rate increases with decreasing fluid pressure,
decreasing inlet temperature, and increasing channel diameter. Additionally, new
zigzag channel designs, based on previous research, were proposed to enhance
evaporation due to their higher turbulence, mixing, and heat transfer rates.

This research provides valuable insights into the thermal-hydraulic performance

of PCHESs as mini heat exchangers (MHXs) in cryogenic applications, facilitating improved



predictions of both steady-state and transient performance for zigzag and straight

channel designs.

School of Mechanical Engineering Student’s Signature ......... Mg&

Academic Year 2023 Advisor’s Signature ......... o
-





