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Numerical Simulation and Experimental Study
of Natural Convection in Solar Drying Box

ZHANG Kai, HU Zhong-huan, YANG Ming-jin, YANG Ling

College of Engineering and Technology / Chongqing Key Laboratory of Agricultural Equipment for
Hilly and Mountainous Regions, Southwest University , Chongqing 400716, China

Abstract: In order to obtain distribution of flow heat field of solar drying box under condition of natural
convection heat transfer, a mathematical model of natural convection heat transfer process of a small solar
drying box was established in this paper. The mathematical model was solved by COMSOL Multiphysics,
and the natural convection heat transfer process between heat collecting plate and air was analyzed in de-
tails. The curves of heat uniformity and temperature change were plotted from simulated and experimental
temperature in the drying box. The change of temperature distribution in the drying box over time was ob-
tained. The correlation coefficients R2 of simulated temperature and experimental values under different
weather conditions (cloudy, sunny and partly cloudy) were 0. 967, 0. 978, and 0. 956, with root mean
square errors RMSE 2. 289, 1. 841, and 1. 940, respectively, which indicated that the presented mathemat-
ical model was valid on different weather conditions. Therefore, based on simulation of the flow heat field,
guidance can be provided for optimization of the drying process and improvement of the solar drying system
structure.

Key words: Numerical simulation; Natural convection heat transfer; COMSOL Multiphysics; Solar dryingbox
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