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Study of the simplified heat transfer model of
a pipe-embedded phase change material (PCM) slab roof

XU Kan, XU Xinhua, YAN Tian
(Department of Building Environment & Energy Engineering, Huazhong University of
Science & Technology, Wuhan 430074, China)

Abstract: Building energy conservation and utilization of renewable energy are important technology means for
achieving carbon emission peak and carbon neutrality. The system integrating solar collector with pipe-embedded
phase change material (PCM) slab roof is a system with high efficiency and energy-saving potential, in which the
PCM slab is lined on the internal side of the roof for heat insulation and solar energy can be stored through phase
change materials for all-day indoor air heating. In this paper, a simplified heat transfer model of second-order
variable thermal capacity and thermal resistance is established based on the structure of the pipe-embedded phase
change material slab, and a simple parameter configuration method is proposed. And then, the numerical model of
the structure is further established, and the accuracy of the simplified model is verified by the simulation results.
The result shows that the modeling method of this simplified model is feasible and this simplified model of second-
order variable thermal capacity and thermal resistance can predict the heat transfer characteristics of this slab.
Compared with the numerical model, the all-day heat flow error of the simplified model is less than 5%. The
computational efficiency of the simplified model is higher than that of the numerical model, and the computational
time is only 1% of the numerical model.

Key words: pipe-embedded phase change material slab; phase change energy storage for all-day heating; simplified

heat transfer model; heat transfer analysis
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Fig. 1 The schematic diagram of the system integrating solar

collector with pipe-embedded phase change
material (PCM) slab roof
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Tab. 1 Physical parameters of roof materials and phase change materials
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Fig. 2 Schematic diagram of the pipe-embedded PCM roof and the simplified model of PCM slab
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Fig. 3 The simplified model of pipe-embedded PCM slab roof
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Fig. 4 The simulation platform of pipe-embedded PCM slab roof
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Fig. 7 Temperature and heat flow of the inner surface of

the embedded pipe
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