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Abstract: A phase change material (PCM) heat-storing wall can effectively mitigate the impact of outdoor tem-
perature fluctuations on internal wall surface temperatures, enhance the stability of the indoor thermal environ-

ment, and reduce building energy consumption. The selection of the PCM melting point is crucial due to the dif-
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fering weather conditions in the winter and the summer. To optimize the performances of heat-storing walls for
both seasons in hot summer-cold winter regions, a numerical model for a novel load-bearing and heat-storing
metastructure wall incorporating multi-melting point PCMs was developed. This model was used to evaluate the
mechanical properties and simulate the heat transfer characteristics of the wall under air convection heat trans-
fer conditions on representative winter and summer days. The results demonstrate that, the mechanical proper-
ties of the phase change thermal storing wall meet the engineering application requirements, and its heat trans-
fer characteristics surpass those of ordinary walls. Specifically, the wall with a PCM melting point of 20 C ex-
hibits superior thermal performance in the winter, with a peak phase transformation rate of 0.30 C and a maxi-
mum inner wall temperature fluctuation of 5.8 C. In the summer, the wall with a PCM melting point of 30 C
shows a higher phase transformation utilization rate of 0.48, while the wall with a melting point of 24 C experi-
ences the lowest temperature fluctuation. Therefore, with both the utilization ratio and the attenuation ratio

considered, the optimal melting point for a phase change wall would be 24 C.

Key words: load-bearing and heat-storing wall; phase change material ; mechanical property; temperature con-

trol efficiency; numerical simulation
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Table 1  Physical properties of wall materials and novel phase change materials

parameter p/(kg:m™) C,,/(J'kgfl'Kil) A/(Wem™LK™) L/(kJ-kg™)
ordinary wall 2 400 800 2.10 -
PCM wall 1 680(S)/1 600(L) 2 000 0.54(S)/0.48(L) 180
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Table2 The heat storing wall models with different melting points

case case 1 case 2 case 3 case 4 case 5 case 6

T,/C 20 22 24 26 28 30
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Fig. 2 Comprehensive temperature change curves of outdoor air in the winter and the summer
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Table 3 Grid and time step independence verifications
grid number time step At /s TA,ZI 00 /C TA,43 200 /C TA,ZI 00 /C

40 608 1 22.98 14.96 9.76
26 438 1 22.93 14.99 9.77
18 574 1 22.23 15.13 9.89
26 488 0.5 22.90 14.98 9.75
26 488 1.5 22.81 14.85 9.70
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Fig. 5 Curves of wall liquid phase ratios with different melting points

in the winter and the summer over time
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Fig. 6 Curves of wall heat storages per unit length with different melting points

in the winter and the summer over time
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Fig. 7 Curves of internal wall temperatures with different melting points

in the winter and the summer over time
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Fig. 8 Phase change utilizations and decay ratios of the novel load-bearing and heat-storing metastructure wall

with different melting points in the winter and the summer
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