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Abstract: To investigate the thermal-hydraulic performance of characteristic flow channels in additively manufactured
steam generators, single-tube heat transfer and flow resistance experiments are carried out, and a segmented prediction
model is established in this paper. Six channel specimens with different internal components and outer tube geometric struc-
tures are designed for the tests. On an open-loop test facility, the effects of mass velocity and heat flux on single-phase and
two-phase heat transfer characteristics are systematically investigated.Based on the experimental data, a segmented strategy
of "classical mechanism framework + semi-empirical correction" is adopted to develop heat transfer and pressure drop corre-
lation models for liquid region, two-phase region and superheated vapor region respectively. These sub-models are further in-
tegrated to form a general correlation for finned tubes.The results indicate that the Dittus-Boelter correlation presents satis-
factory prediction accuracy for single-phase liquid flow; the Chen correlation is applicable for engineering calculations in
saturated boiling regions; the Dittus-Boelter correlation systematically underestimates heat transfer coefficients in super-
heated steam regions. The heat transfer model demonstrates that finned structures deliver prominent heat transfer enhance-

ment. According to the resistance model, lattice-structured tubes produce the largest flow resistance, followed by finned
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tubes, while plain tubes without inserts yield the minimum resistance. This study provides experimental data support and an

engineering prediction tool for the design optimization of steam generators.
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cient; boiling heat transfer; prediction model
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Fig. 1 Design of characteristic flow channel specimens
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Fig.3 Comparison of HTC experimental values and empirical correlations for single-phase liquid, two-phase liquid and superheated vapor (720°

finned hexagonal tube)
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