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Abstract— A bidimensional finite element
model that predicts temperature distribution,
moisture migration and natural convection cu-
rrents in stored grain is described. Valida-
tion was performed by comparing predicted
and measured variables under laboratory con-
ditions in corn and wheat. On average, stan-
dard errors were at most 1.7oC for temperature
and 0.69 %w.b for moisture content. The sen-
sitivity of the solution to variations in grain hy-
groscopic properties and to election of a sorp-
tion isotherm equation was examined. For a
given temperature gradient, moisture migra-
tion was higher in soybean than in corn and
wheat. As result of hygroscopic properties
and permeability of grain, wheat exhibited the
highest resistance to moisture migration.
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lling, natural convection, heat and mass trans-
fer.

I. INTRODUCTION

Temperature and moisture content are the most im-
portant factors affecting the quality of grain during
storage. The primary causes of grain spoilage are in-
sects, mites and microflora activity, which are func-
tion of temperature and moisture content. As a ge-
neral rule, reducing either or both of these variables
by drying or aerating (cooling) the grain results in
an enhanced grain storage environment. The stora-
ge of grains in silos involves periods where the evolu-
tion of temperature and moisture content depends on
seasonal variation of climatic conditions (non-aerated
periods) and others where ambient or refrigerated
(chilled) air is forced to flow through the grain mass
(aerated periods). Thus, maintaining the quality of
properly harvested and dried grain during storage re-
lies on understanding the momentum, heat and mass
transfer processes that take place in the grain ecosys-
tem.

A revision of published works can be found in
Navarro and Noyes (2002). For storage during non-
aerated periods, some researchers analyzed the heat
and mass transfer process, considering only difussion
in different grains: wheat (Alagusundaram et al., 1990;
Jayas et al., 1994; Jia et al., 2001; Jian et al., 2005);
sorghum (Abbouda et al., 1992a; 1992b); rice (Iguaz
et al., 2004) and corn (Montross et al., 2002a; Al-Amri
and Abbouda, 2004) among others. The effect of nat-
ural convection flows was addressed by Nguyen (1987),
Dona and Stewart Jr. (1988), Smith and Sokhansanj
(1990), Khankari (1992), Singh et al. (1993), Thorpe
(1995), Jiménez-Islas et al. (2004). In general, these
studies assumed simplified boundary conditions (im-
posed constant temperature) and analyzed the effect
of flow inertia, silo aspect ratio, imposed tempera-
ture and temperature dependent thermal property of
grain on temperature, moisture content and natural
convection. Carrera-Rodŕıguez et al. (2011) studied
the storage of sorghum as function of Raleigh num-
ber and aspect ratio considering the day-night cycle of
ambient temperature. Montross et al. (2002a) investi-
gated how accurately boundary conditions needed to
be specified and what type of weather data (daily or
hourly weather data, effect of wind speed and solar
radiation) was required for modeling grain storage.

Most of the published models presented results for
different grains such as wheat, corn, rice and sorghum
considering the climatic conditions of North America
or Brazil, in case of South America (Andrade et al.,
2002). No references were found in the international
literature regarding the simulation of heat and mass
transfer in grain storage with or without aeration for
the climatic conditions of Argentina for grains such as
soybean, wheat and corn, which are the most intensive
crop cultivars.

Bearing in mind the economical importance that
grain production has for Argentina, a general study
that aims to develop a comprehensive model for grain
storage systems is currently under development. By
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