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Abstract: Aiming at the high air-side thermal resistance and limited guidance for fin parameter
selection in compressed air - water finned-tube heat exchangers for compressed air energy storage
(CAES) systems, experimental and numerical investigations were conducted on the effects of fin
parameters on heat transfer performance. Thirteen prototypes were designed and fabricated, with fin
densities of 512 - 1023 fins/m and fin heights of 1. 1 - 1. 35 mm. Their performance was tested on a

0.6 MPa closed pressurized test platform over a Reynolds number range of 7000 - 40000. A three-
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dimensional single-period model of the finned-tube bundle was also developed. Grid independence

and turbulence-model comparisons were performed to determine a numerical method suitable for high-

pressure air crossflow. The results show that heat transfer intensity per unit area does not fully

correspond to overall heat transfer capacity. The prototype with 512 fins/m and a fin height of 1.1

mm achieved the highest heat transfer coefficient, whereas that with 905 fins/m and a fin height of 1. 1

mm exhibited the largest UA value. A UA correlation incorporating the Reynolds number and finning

ratio was developed with a coefficient of determination of 0. 979, enabling reasonable estimation of

overall heat transfer capacity under CAES conditions. The results provide a basis for fin parameter

selection and performance prediction of CAES heat exchangers.

Keywords: compressed air energy storage; fin parameters; heat transfer performance
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Fig. 1 Finned Tube Test Specimen
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Table 1 Parameters of Heat Exchange Tube Fins

FERLG 5 R/ (G8/m) # 5 /mm
1 1023 1.1
2 960 1.1
3 905 1.1
4 826 1.1
5 826 1.2
6 708 1.1
7 708 1.2
8 630 1.1
9 630 1.2
10 630 1.35
11 512 1.1
12 512 1.2
13 512 1.35
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Fig. 2 Schematic Diagram of the Test System
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Fig. 5 Comparison Between Experimental and Numerical

Results
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