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Abstract: The sun drying of agricultural products is a complicated process involving heat transfer,
mass transfer, and variable weather conditions. Surface reflection (albedo), a crop’s radiative property,
plays an essential role in energy balance, and understanding its contribution can improve the thermal
analysis. In this study, field experiments were conducted in the Philippines to explore the influence
of surface albedo on the sun drying of paddy rice. First, we implemented energy and mass balance
equations in a transient model with the surroundings using a graphical programming language in
Matlab/Simulink® . Second, we identified the influence of albedo on the sun drying model by using a
sensitivity analysis. Third, we investigated the relationship of paddy rice albedo and the solar zenith
angle. Lastly, we integrated the albedo function into the sun drying model. The simulation outputs
were validated with field experiments. A better estimation of the measured exit temperature and
instantaneous mass were obtained when a variable albedo was applied. This study makes clear that
introducing a variable albedo has a positive impact on model improvement. This information is
important for application in solar drying technologies, so that the drying process can be better assessed.
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1. Introduction
The sun drying of paddy rice is a common practice in the Philippines and many other countries
in the tropics and subtropics. Immediately after harvesting/threshing, paddy rice is spread over
mats positioned alongside roads or on other paved ground when weather conditions are favorable.
To ensure and optimum milling process, it is recommended to dry the paddy rice to a moisture content
(MC) of around 14% wet basis [1,2]. During the dry season, the grain temperature can reach up to
55 ◦ C due to the direct exposure of the paddy rice to high solar radiation. Under these conditions,
the paddy rice can reach a very low MC (<10% wet basis) [3,4], which may result in fissured grains
after milling, thus decreasing its market value. However, during the rainy season, the lower radiation
and extended rainy periods may lead to a prolonged drying process. This delay in drying increases the
risk of paddy rice deterioration. This deterioration of paddy rice can be observed in the milled rice.
The sun drying of paddy rice is a complex process, which involves the removal of water through
direct exposure of the crop to solar radiation. Heat is transferred from the surroundings and from the
sun to the exposed crop surface. Raising the crop temperature helps to diffuse water vapor from the
interior of the kernel to the surface. Hence, mathematical models have been developed to understand
and predict the sun drying process of different agricultural products. Jain and Tiwari [5] proposed the
calculation of the convective heat transfer coefficient (hc ), followed by the generation of a mathematical
model for the estimation of the crop temperature (Tcrop ) and moisture evaporated (mev ). To simplify
the model’s solution, a steady state condition is commonly used, and indeed several authors follow
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