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Performance optimization of heat storage unit with tree-branch fins and
foam metal composite structure

HAN Xu, BO Xilu

(Hebei Key Laboratory of Low-Carbon and High-Efficiency Power Generation Technology, North China Electric Power University, Baoding 071003, China)

Abstract: [Objective] To achieve recovery and utilization of low-grade waste heat, we proposed a phase change
thermal storage unit incorporating “tree-branch fins + foam metal”, and co-optimized its structural and material
parameters using response surface methodology and orthogonal experiments. [Methods] Under typical operating
conditions (80 °C, 0.005 m/s), tree-branch fins reduced the melting time of the phase change material (PCM) by
10.7% compared to straight fins, with optimal parameters including a length ratio of 1.143, a width ratio of 1.057,
and a branching angle of 68.987 < Regarding system structure, the counterflow arrangement of dual heat exchanger
tubes decreased the melting time to 558 s, and further filling with foam metal shortened it to 181 s. Although
increasing porosity enhances the proportion of PCM, it weakens the structural support of the metal framework,
thereby prolonging the melting time. [Results] In conclusion, the integration of tree-branch fins and foam metal
significantly improves the thermal storage performance of phase change thermal storage devices. Subsequently,
staged thermal energy storage can improve the efficiency of heat storage. The optimal configuration for a three-
stage cascade is put forward: Stage I: 0.9 porosity nickel foam + n-octadecane; Stage Il: 0.5 porosity nickel foam +
n-octadecane; Stage Ill: 0.5 porosity nickel foam + stearic acid PCM. [Conclusion] It can provide an integrated
design basis for the efficient capture and reuse of low-grade waste heat at 50~60 C.

Key words: phase change thermal energy storage; tree-branch fins; response surface methodology; fin parameter
optimization; metal foam
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Fig.1 Structure of the phase change thermal storage device
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Fig.2 Temperature curves with different grid numbers
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Fig.14 The porosity-liquid fraction melting curves
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Tab.4 Thermophysical property parameters of metallic

foams
S E ! [N i N kil
5 (kg M) 8900 4850 2719 8030 8978
E TR EL RS
(kgL K 460.60 54425 871.00 502.48  391.00
MR
(W m K 91.74 7.44 20240 1627  387.60
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Tab.5 Orthogonal experimental table

Fe5 1B W2 B IR HRAB I Al
1 D1E1F1 D1E1F1 D1E1F1 599.7
2 D1E2F2 D3E4F5 D2E2F2 985.0
3 D1E3F3 D5E2F4 D3E3F3 737.0
4 D1EAF4 D2E5F3 DAEAF4 688.7
5 D1ES5F5 DA4E3F2 D5ES5F5 1236.3
6 D2E1F2 D2E2F2 D3E4F5 945.7
7 D2E2F3 D4E5F1 DA4E5F1 753.3
8 D2E3F4 D1E3F5 D5E1F2 921.7
9 D2EA4F5 D3E1F4 D1E2F3 956.0
10 D2E5F1 D5E4F3 D2E3F4 648.3
11 D3E1F3 D3E3F3 D5E2F4 729.7
12 D3E2F4 D5E1F2 D1E3F5 953.7
13 D3E3F5 D2E4F1 D2EA4F1 833.3
14 D3E4F1 D4E2F5 D3E5F2 1053.0
15 D3E5F2 D1E5F4 D4ELF3 653.7
16 DAE1F4 DAEAF4 D2ES5F3 631.3
17 D4E2F5 D1E2F3 D3E1F4 938.0
18 D4E3F1 D3ES5F2 DAE2F5 1003.0
19 DAEAF2 D5E3F1 D5E3F1 684.7
20 DA4ES5F3 D2E1F5 D1E4F2 974.7
21 D5ELF5 DS5ESF5 D4E3F2 1216.3
22 D5E2F1 D2E3F4 D5E4F3 667.7
23 D5E3F2 D4E1F3 D1E5F4 641.0
24 DS5E4F3 D1E4F2 D2E1F5 1012.0
25 D5E5F4 D3E2F1 D3E2F1 716.3
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