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Study on design parameters of exterior windows in Guanzhong rural residences
based by multi-objective optimization method
Zhang Jiahui, Han Weixiao, Ma Zhaoxi, Du Qiang, Zhu Yiyun

(Faculty of Civil Engineering and Architecture, Xi’an University of Technology. Xi’an 710048, China)
Abstract: To address the issues of poor indoor environmental quality and high energy consump-
tion in rural residences in Guanzhong region, Shaanxi Province, this study employs the NSGA-II
genetic algorithm coupled with multi-platform simulation methods to achieve the dual objectives
for enhancing photothermal comfort and reducing energy consumption. An optimization model for
the external window system, focusing on weak points of building envelopes, is developed to ana-
lyze the mechanism for window design parameters on light-thermal environments and energy per-
formance. The optimal parameter combination obtained includes: heat transfer coefficient of
2 W/(m’ » K), north and south window-to-wall ratios of 0. 46 and 0. 28, windowsill height of 1.1 m,
window height-to-width ratio of 0. 6, shading projection coefficient of 0. 39, solar heat gain coef-
ficient of 0.4, and visible light transmittance of 0. 6. Experimental results demonstrate that this
solution improves the adaptive spatial daylight ratio by 41. 41%, increase thermal comfort pro-
portion by 3.47%, and reduce building energy consumption per unit area by 3. 34%. Recommen-
ded parameter design intervals are established, providing optimization pathways for constructing

livable rural dwellings in the Guanzhong region.
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Fig. 1 Multi-objective optimization design process
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Tab. 2 Different types of windows and their parameters
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Tab. 3 Design parameter value range
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Fig. 6 All solutions in the optimization process
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Fig. 7 Spatial distribution of Pareto front solutions
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Tab.4 Design values and performance indicators of optimal design solutions
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Fig. 8 Values distribution of window design

variables in Pareto optimal solution
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