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Convective Heat Transfer Enhancement and Multi-Objective Optimization of
Supercritical CO: in Internally Ribbed Twisted Elliptical Tubes

Zuo Jianguo Song Jun

(School of Energy and Power Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract To improve the heat transfer efficiency and overall performance of supercritical CO, (SCO,) gas coolers, a numerical study
was conducted on the flow and heat-transfer characteristics of SCO, in internally ribbed twisted elliptical tubes. The heat transfer
enhancement mechanism of the tubes was further analyzed based on the field synergy principle. The pitch (p), rib height (h), major
semi-axis (a), and Reynolds number (Re) were used as design variables, and second-order response surface models for the Nusselt
number, friction factor, and performance evaluation criterion were established using the response surface methodology (RSM). Multi-
objective optimization was then performed using the non-dominated sorting genetic algorithm II (NSGA-II) to obtain Pareto optimal
solutions. The results suggest that the combined effects of the twisted geometry and internal ribs induce sustained secondary flows,
enhance fluid mixing, and disrupt the thermal boundary layer, thereby significantly improving the convective heat transfer performance of
the SCO, gas cooler. According to this study, a favorable balance between heat transfer enhancement and flow resistance increase can be
achieved when h is 0. 5 mm, a ranges from 3. 6 to 3. 9 mm, and p lies within 50 to 70 mm.

Keywords supercritical CO,; gas cooler; internally ribbed twisted elliptical tube; field synergy theory; multi-objective optimization
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Fig.1 Geometric model of the internally ribbed twisted elliptical tube
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Fig.2 Schematic diagram of the mesh for the internally
ribbed twisted elliptical tube
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heat transfer coefficient and pressure drop
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Fig.6 Response surface plots for the interactions between different factors
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Tab.5 Optimal solutions for multi-objective optimization

Jr%E  p/mm  h/mm  a/mm Re Nu f n
20T 1 68 0.5 359 117430 456.06 0.023  1.182
113 2 64 0.5 3.91 119708 47697 0.026  1.200

= 110 3 57 0.5 378 115727 47296 0.024  1.209
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Fig.7 Pareto solution set for multi-objective optimization LA AR T N
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Fig.8 Comparison of internally ribbed twisted elliptical and

circular tubes under different conditions
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