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A Temperature Control Method for Enclosed Spaces Based on
Infrared Radiation Heating

Zhang Ziqiang', Wu Yunlong', Zhang Jingyu', Zhang Xuewei', Li Yuefeng', Wang Lifeng',
Chen Feng', Liu Jin', Zhang Chen’, Gao Bosheng”
(1. Beijing Xinfeng Aerospace Equipment Co., Ltd., Beijing 100854, China;
2. Beijing Zhonghai Jichuang Technology Development Co., Ltd., Beijing 100070, China)

Abstract: When a sealed packaging box is stored in a low-temperature harsh environment, the precision
products stored inside are affected by the ambient temperature, which can degrade the performance of
internal temperature-sensitive mechanisms or even render the precision products unusable. To meet the
actual temperature requirements of precision products in sealed packaging boxes, this paper designed a

temperature control device based on carbon fiber infrared radiation heating technology for engineering appli-
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cations. Parameters such as heat dissipation and heat transfer of the sealed packaging box and precision
products were taken into account, and a design using carbon fiber electric heating units was proposed.
The design process of the carbon fiber electric heating film is theoretically derived to avoid the situation
where the size of the heating unit fails to meet heating requirements due to neglecting the heat transfer
parameters of the sealed material and environmental factors. The theoretical derivation can directly guide
engineering applications. A simulated fixture for the precision products in the sealed space was designed to
test the low-temperature heating capability of the temperature control device. The experimental results
show that when the ambient temperature is —40 °C, the temperature inside the simulated fixture with an
effective volume of 1.27 m’ is maintained between 12 ‘C and 28 “C. Using a 0. 97 m* carbon fiber electric
heating unit, 842 kJ of heat is generated within a 1-hour power-on cycle, with a heating rate of
0.27 *C/min. The temperature control method for enclosed spaces based on infrared radiation heating pro-
posed in this paper is suitable for heating control in sealed packaging boxes, enabling the precision prod-
ucts stored in a packaging box at —40 “C to remain within the temperature range from 12 “C to 28 °C.
However, the results of this paper are based on engineering experiments conducted only under -40 °C envi-
ronmental conditions. This method requires extensive engineering practice verification and sample size
accumulation to effectively improve the robustness of the empirical coefficients in the theoretical derivation.

Key words: enclosed spaces; temperature control; infrared radiation; carbon fiber; electric heating
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