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Flow and Heat Transfer Characteristics and Structure
Optimization of Helically Corrugated Tubes Based on
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Abstract: Building on the helical tube heat exchanger integrated with a corrugated structure, a
novel type of helically corrugated tube heat exchanger is designed. Numerical simulations are
conducted to investigate the effects of varying corrugation depths and pitches on flow and heat
transfer performance. After the Kriging model is trained with numerical computation results, it
can then predict the flow and heat transfer characteristics of a larger number of helically
corrugated tube samples with different structure features. The structural parameter with a lower
friction coefficient and a higher heat transfer efficiency are screened to optimize the heat transfer
characteristics. The results indicate that the sudden change in the flow velocity generated by the
corrugated structure and the secondary flow generated by the helical structure improve both heat
transfer efficiency and flow resistance. The Kriging model has higher accuracy and efficiency in
predicting the heat transfer characteristics. In the selected range of structural parameters, the
helically corrugated tubes have a lower friction coefficient and a higher heat transfer efficiency
when the corrugation depth, corrugation pitch, helical diameter, and helical pitch are 1.32,
27.99, 86.49, 57. 85 mm, respectively.

Key words: helically corrugated tube; numerical simulation; heat transfer; Kriging model;
optimal design
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Table 2 Kriging model validation

F2 emm Pmm D/mm L/mm — N;& 15 Koiging BOTE E(Nu) ENuw)/% E(f)% E(f)/%
1 1.43 28.66 97.4 45.45 411.65 419.51 0.10749 0.11731 -7.857 -1.87 -0.98 -8.37
2 1.27 32.38 113.98 40.82 393.93 373.21 0.07822 0.07896 20.727 5.55 -0.07 —-0.93
3 1.07 26.35 100.96 55.07 400.47 397.77 0.09926 0.09953 2.700 0.67 -0.02 -0.26
4 1,08 25.14 101.89 41.79 404.30 403.07 0.10444 0.10485 1.232  0.30 -0.04 -0.38
5 1.88 31.37 105.06 55.32 421.45 425.98 0.12037 0.12421 -4.525 -1.06 -0.38 -3.09
6 1.56 31.94 88.01 43.01 386.63 398.46  0.08402 0.08298 -11.82 -2.96  0.10 1.26
7 1.95 31.04 97.74 42.68 422.68 436.92 0.12048 0.12295 -14.23 -3.25 -0.24 -2.01
8 1.99 34.14 88.76 50.33 409.28 416.70  0.09299 0.09598 -7.410 -1.77 -0.29 -3.11
9 1.35 31.64 90.11 51.33 389.07 390.08 0.07767 0.07751 -1.002 -0.25  0.01  0.21
10 1.3 29.49 105.53 41.32 404.18 390.20 0.10045 0.09975 13.982 3.58  0.07  0.70
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Fig. 9 Response surface fitted by Kriging model (Nussel number)
(a)—e—P; (b)—e—-D; (¢)—e—L; (d)—D—-P; (e)—L—P; (f)—D—L.
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Fig. 10 Response surface fitted by Kriging model (friction coefficient)
(a)—e—P; (b)—e—D; (¢)—e—L; (d)—D—P; (e)—L—P; (f)—D-L.
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