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Abstract: [Objective] In practical energy and chemical engineering systems, pipeline layouts often exhibit complex
multi-directional configurations due to equipment arrangement, spatial constraints, and process requirements, rather
than simple straight horizontal or vertical sections. This is particularly evident in applications such as compact heat
exchangers for supercritical carbon dioxide (S-COz) Brayton cycles, nuclear reactor cooling circuits, and chemical
transport pipelines, where the working fluid frequently undergoes abrupt changes in flow direction. Among these
configurations, the L-shaped bend, a classic directional-changing structure that connects horizontal and vertical pipe
sections, is especially common and plays a crucial role in achieving spatial redirection of the working fluid.
Therefore, investigating the heat transfer characteristics of S-CO; in L-shaped bends is of significant importance.
This study aims to investigate the effect of buoyancy-induced density stratification in a heated horizontal section on
the subsequent heat transfer in a vertical upward flow under different experimental parameters. [Methods] An
experimental system with high expandability was established, featuring a single-cycle S-CO; heat transfer test
platform utilizing stainless steel circular pipes with adjustable lengths and bend angles. Experiments were conducted
to study the flow and heat transfer characteristics of S-CO; inside a horizontal-to-vertical L-shaped turning pipe.
[Results] The experimental results reveal two distinct types of “asymmetric heat transfer deterioration” in the
turning pipe: one characterized by asymmetry in the severity of deterioration, and the other by asymmetry in its
location. When the wall heat flux is increased, wall temperature peaks indicating heat transfer deterioration appear
in the vertical section, with unequal peak values on the two sides, representing asymmetry in severity. A further
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increase in wall heat flux shifts the deterioration position toward the inlet, while the enthalpy at which deterioration
initiates remains unchanged, indicating that the wall heat flux does not affect the onset enthalpy of deterioration.
When the heat flux is raised sufficiently for the deterioration to advance to the inlet of the vertical section, the wall
temperature peak on the inner side occurs earlier than that on the outer side, demonstrating asymmetry in the location
of deterioration. [Conclusion] The study demonstrates that asymmetry in severity originates from non-uniform
cross-sectional mass flow distribution caused by temperature stratification extending from the horizontal section. In
contrast, asymmetry in location occurs under high-temperature and high-heat-flux conditions due to the earlier
fulfillment of deterioration criteria within the inner-side boundary layer. This research elucidates the coupling effect
between buoyancy and flow redirection in L-shaped pipes, providing an experimental basis for the design of related

heat exchange equipment.
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Fig.1 Schematic diagram of the S-COz single cycle test
bench system
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