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A Multiphysics Coupling-Based Mathematical Model
of Hot-Air Drying and Its Verification
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Abstract: The mildew of grain during storage constitutes a major part of grain loss. The industry usually
reduces the moisture content of the grain by drying, which reduces the loss caused by mildew. Among
many drying methods, hot air drying has long occupied a large market share due to its advantages of sim-
ple operation, low cost, and low equipment requirements. Therefore, it is extremely necessary to optimize
the hot air drying machines. During the optimization process, engineers often try to understand the distri-
bution of physical fields such as temperature, wind speed and humidity in the drying machines. However,
it is uneconomical to directly measure these physical fields from the drying machines, and there are great
difficulties to measure them. Thus, based on the previous studies, this paper considers the influence of
heat and mass transfer in the hot air drying process, and incorporates the fluid dynamics equations into the
model framework, considering conservations of mass, energy and momentum. An analysis is carried out
to establish mathematical equations based on the conservations, which fully describes the entire hot air dr-
ying process. In the text, four parts are used to introduce the whole mathematical model. (1) The hot air
flow field adopts the fluid dynamics equation as the governing equation, which describes the transfer law of
air outside and inside the material. (2) The temperature field is based on the law of conservation of ener-
gy, ignoring some minor thermal phenomena, and a heat exchange governing equation is constructed. (3)
The gas phase transfer model of the moisture is based on the law of conservation of mass, and the phase
change factor of moisture is introduced into the governing equation by means of source term. (4) The liq-
uid phase transfer model of moisture is also based on the law of conservation of mass, whose governing e-
quations have different signs on the source term than the gas phase transfer model. An experiment with
rapeseed was carried out to verify the numerical simulation results of the model. The results showed that
the maximum relative error between the model numerical simulation results and the real experimental re-
sults was 13. 3%, which indicated that the model could satisfactorily describe the hot air drying process.
In addition, the numerical simulation results showed that a dry zone, a wet zone and an evaporation zone
existed in the drying material during the drying process, the dry zone and the wet zone were separated by
the evaporation zone, and the evaporation zone gradually migrated from the outside to the inside of the ma-
terial. During the drying process, the concentration of water vapor in the drying chamber first increased
and then decreased, and the concentration of water vapor was higher in the central area of the drying cham-
ber than in the edge of the drying chamber. The average temperature of the material rose rapidly at the begin-
ning of the experiment, and tended to be stable in the middle and late periods, which indicated that the material
had a preheating time during the drying process, and the hot air temperature could be appropriately reduced in the
middle and late drying period to reduce the energy consumption. The hot air flow field in the dry chamber reached
a steady state in a very short time, which indicated that the steady solution of the hot air flow field could be direct-
ly used to calculate heat and mass transfer, for purpose of simulation cost saving.

Key words: hot air drying; heat and mass transfer; multiphysics coupling; porous medium
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