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Design of patchwork thermo-regulating fabrics and analysis of

their cooling performance
CUI Siyi' ,YANG Gang' \WANG Xuegin'*,ZHENG Han'
(1. College of Textiles Science and Engineering (International Institute of Silk), Zhejiang
Sci-Tech University, Hangzhou 310018, China; 2. Zhejiang Sci-Tech University
Tongxiang Research Institute, Jiaxing 314000, China)

Abstract: To enhance the comfort of phase-change temperature-regulating fabrics in summer clothing
and reduce direct skin contact, a patchwork thermo-regulating fabric was designed and prepared using the
patchwork embroidery technique. The study examined the effect of the graphical distribution design of
phase-change regions on its cooling performance. Using microcapsule immersion coating and patchwork
embroidery composite processes, patchwork thermo-regulating fabrics with 1, 3, 5, and 7 dispersion
points were prepared. Their cooling performance was tested using an infrared thermal imaging camera,
and finite element software was used to simulate temperature changes in the fabrics under different design
parameters (dispersion degree, and pattern morphology). Regression analysis was conducted based on the
simulation results to reveal the heat transfer mechanism. The results showed that the thermo-regulating

fabric exhibited a temperature plateau phase of approximately 50 seconds during the phase change stage,
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with a temperature difference of roughly 10 °C compared to pure cotton woven fabrics. Under the condition

of a constant phase change region area (50 cm®), the cooling performance of the fabric improved with an

increase in the dispersion degree of the phase change region. The simulation results showed a high degree

of consistency with the measured data (R*>>0.95). A regression equation was established through linear

fitting between the temperature of the fabric model and the dispersion degree of the phase-change material,

verifying that graphical distribution design can enhance heat transfer efficiency by increasing the dispersion

degree of the phase-change material. This study provides a theoretical basis and quantitative control

method for fabric design that balances cooling performance and wearing comfort.

Key words: phase-change materials; patchwork thermo-regulating fabrics; distribution design;

simulations; finite element analysis
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