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Numerical Simulation on Structural Parameter Optimization of

Heat Exchanger with Frustum of a Cone

ZHAO Zhen, GAOQO Jianmin, XU Liang, XI Lei, LI Yunlong

(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to explore the structural parameters of the new frustum of a cone (FOC) heat
exchanger with optimal flow and heat transfer performance, the central composite design-
response surface method is used to carry out numerical simulation of the FOC channel. Influences
of diameter-to-height ratio (2—4), angle (0°—30°), direction spacing ratio (1. 5—2.5) and span
spacing ratio (1. 5—2.5) on the comprehensive thermal performance, heat transfer performance
and entropy generation of the FOC channel are analyzed when Re is 10 000. The significance
analysis and parameter optimization of the FOC structure are carried out. Finally, the mechanism
of improving the performance of the optimized channels is analyzed by combining with a
comparison of flow structures, and empirical correlations of flow, heat transfer performance and
entropy generation of FOC channel are obtained by fitting. Results show that the angle is the
most significant parameter affecting the comprehensive thermal performance; span spacing ratio
has the most significant effects on both the heat transfer performance and the entropy generation.

Compared with a reference channel, the heat transfer performance of the channel with the best
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heat transfer performance is improved by 44. 11%, and the entropy generation of the channel with

the minimum irreversible loss is reduced by 28. 24%. When the channel is optimized with the best

heat transfer performance and the lowest entropy generation, the heat transfer performance of the

channel increases by 39.04%, but its entropy production increases by 12.69%. This research

may provide a theoretical basis for the optimal design of the FOC heat exchanger.

Keywords: frustum of a cone (FOC); parameter optimization; structural parameters; response

surface method
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Fig. 1 Experimental system diagram of the heat exchanger

with frustum of a cone
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Fig. 2 Schematic diagram of the heat exchanger with

frustum of a cone
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Fig. 3 The numerical model
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Fig. 5 Verification of grid independence
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Fig. 7 Vortex core distribution and velocity vortex intensity
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Fig. 8 Local Nu distribution contour
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Fig. 9 Local volume entropy generation distribution contour
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