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Abstract Grain storage is a critical component of safeguarding national food security. The design of ventilation ducts in traditional
granaries often relies heavily on empirical settings, which can easily lead to uneven airflow distribution within the silo and the formation of
localized heat and moisture hotspots within the grain bulk. In this study, geometric structural parameters such as the air inlet layout, duct
diameter, and perforation ratio in the lateral ventilation system of the granary were investigated , and the perforation ratio was subjected to
two distinct optimization treatments, labeled Optimization 1 and Optimization 2. A systematic analysis of temperature and humidity
variations and their uniformity within the paddy bulk was conducted by combining simulations and physical measurements guided by
specific evaluation metrics. The results indicate that positioning the air inlet at the center of the main duct results in a lower temperature
differential within the paddy bulk and superior storage efficacy. When the branch duct diameter was 600 mm with a perforation ratio of
35%, the average temperature differential within the paddy bulk was reduced by 29. 1% and 14. 3%, respectively, compared with the
highest recorded average differentials. The average temperatures of Optimization 1 and Optimization 2 were reduced by 0. 136 K and
0.078 K, respectively, compared with the pre-optimization values, and the average relative humidities were reduced by 0. 134% and
0. 164%, respectively, compared with the pre-optimization state. Optimization 1 demonstrated a more pronounced improvement in the
uniformity of temperature and moisture distribution within the paddy. Collectively, these findings provide theoretical guidance for the
geometric design of ventilation ducts, thereby enhancing temperature and humidity uniformity, reducing fan energy consumption, and
promoting high-quality grain storage.
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Fig.1 System of lateral ventilation in a grain bin
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Fig.2 Layout of measuring points inside the grain bin
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Fig.5 The average temperature and temperature difference

at each cross-section for the five inlet layouts
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