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Optimization of efficiency and energy-saving analysis of modular
thermo-activated walls
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Abstract: A modular thermo-activated wall (MTAW) with specialized internal cavities for thermal diffusivity
fillers was proposed to solve the problem of low-grade heat accumulation, which restricts the heat injection
efficiency of thermo-activated walls. A dynamic heat transfer model of the MTAW was established, and its
performance was compared with two reference walls under typical winter conditions in a cold climate zone. The
study examined the effects of the filler cavity inclination angle(d), cavity geometry ratio(a:b), and thermal
conductivity of the filling material(4;) on energy-saving potential and economic performance. Results show that
incorporating filler cavities and thermal diffusing materials significantly reduces total operational energy
consumption and costs. Compared with the reference walls, when the the MTAW filler cavity’s long axis is
oriented transversely with an a: b ratio of 1: 2, the total operational energy consumption decreases by 2.60% and
14.13%, respectively. Compared with the reference walls, operational costs are reduced by 12.41% and 50.04%,
respectively. When the long axis of the filler cavity is inclined toward the room side, heating energy consumption

initially decreases and then increases as @ rises, with optimal performance observed at 6,=60°. Additionally, a: b
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and 4, are inversely proportional to both total operational energy consumption and costs. For example, when 4, is
124,, heating energy consumption and gas operating costs are reduced by up to 3.03% and 34.53%, respectively.
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Fig.1 Temperature and heat flux distribution of mtaw in different operation modes in winter
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Fig.2 Two-dimensional geometric models and model dimensions of MTAW and two reference walls
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Table 1 Geometric parameters and thermal properties of MTAW and two reference walls

¥ 38 20 CR R LA /(T kg oC™) FE (kg m™) SHEH/(W-m'-oC) JE /B A% /mm
B ORJerr3) 1050 1 800.0 0.930 20
iR IR EE 1) 1050 2100.0 1.740 200
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HURHEE — — — 150/75
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Fig.3 Schematic meshing method of MTAW wall and local meshing results of 5 different sizes of filler cavities
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Fig.4 Hourly outdoor comprehensive temperature, surface temperature, and convective heat transfer coefficient data on

typical meteorological days in winter in Beijing area
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Fig.5 Comparison of energy consumption indicators for 3 typical MTAWSs and 2 reference walls
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Fig. 6 Comparison of operational economic indicators for 3 typical MTAWSs and 2 reference walls
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Fig. 7 Influence of filler cavity inclination angle (6 value) variation on energy consumption indicators of MTAW
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Fig. 8 Influence of filler cavity inclination angle (¢ value) variation on economic indicators of MTAW
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Fig.9 Energetic impact of filler cavity size (a:b value) variation under different inclination angles in MTAW
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Fig. 11 Energetic impact of filler thermal conductivity (/, value) variation under different inclination angles in MTAW
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Fig. 12 Economic impact of filler thermal conductivity (4, value) variation under different inclination angles in MTAW
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