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Heat Transfer and Flow Characteristics of
Annular Inner Ribbed Convex Tubes
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(1. School of Mechanical Science and Engineering, Northeast Petroleum University, Daqing 163318, China;
2. Xinglongtai Oil Production Plant of Liaohe Oilfield Company of China National Petroleum and Natural Gas Corporation, Panjin 124011, China)

[ Abstract] To enhance heat transfer efficiency and improve thermal exchange performance, a composite enhanced thermal exchange
technology was explored that combined annular internal fins with protruding units, aiming to create an innovative thermal exchange
structure. Through numerical simulation methods, the flow and heat transfer characteristics of this structure were studied within the
Reynolds number Re range is 8 000 ~20 000. The analysis results indicate that the layout of the protruding units and four parameters
(depth, radius, spacing, and quantity) have a significant impact on thermal performance. The mechanism of enhanced heat transfer
was explained using field synergy theory. Under optimal parameters, with a depth of 2 mm, a radius of a specific value, a spacing of
20 mm, and six protruding units, the best thermal exchange performance is achieved, with an overall heat transfer performance
improvement of 4. 71% ~ 23.59% compared to internal finned tubes. Increasing depth, radius, and quantity, while decreasing
spacing, enhances heat transfer but also increases resistance, limiting the growth of overall thermal performance. Field synergy analysis
shows that the structure promotes strong secondary vortices, significantly enhancing the synergy effect between the velocity field and the
temperature field.

[ Keywords] internal ribbed tube; heat transfer enhancement; comprehensive heat transfer performance ; numerical simulation ; field

synergy
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