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Introduction

 Broad uses of soybean

• Infestation by postharvest insect pests in soybeans 

• Direct damage

– Feeding, webbing production

• Indirect damage

– Induction of diseases



Introduction

• RF treatments can provide rapid and volumetric heating for 
postharvest insect control in dried products

– Volumetric heating -- the electromagnetic waves directly couple with 
material to generate heat 

– Rotational response of polarized molecules and migration of charged 
ions

– Non-chemical, non-contact, environmentally friendly

– Selectivity

27 MHz = 27 Million times/second



Introduction

• Computer simulation is a very effective tool to help understand 
the complex RF dielectric heating process

• There are few reports on the finite element simulation to show 
the differential heating of insects in host soybeans when 
subjected to an electromagnetic field



 Develop a computer simulation model for a 6 kW, 27.12 MHz RF 

system using commercial finite element software COMSOL 

Multiphysics

 Validate the model by comparing three-layer transient experimental 

temperature profiles in soybeans after 6 min RF heating

 Apply the validated model to predict the effects of insect positions, 

orientations, dielectric properties, and sizes on the behavior of 

differential RF heating between insects and soybeans

Objectives



Materials and methods

Table 1. Electrical and thermo-physical properties of materials used for computer simulation

Moisture content: 6.18 ± 0.04% (w.b.)  for soybeans, 74.0% (w.b.) for insect larvae



Computer simulation

• 6 kW, 27.12 MHz free-running oscillator RF heating system
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Electric field intensity:

RF power conversion:

Boundary conditions:

 Heat transfer in soybean samples :

 Heat transfer
E V 
r

COMSOL Multiphysics V4.3a (Joule heating model)

 Heat balance equation of insect larvae:
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 Electric field intensities in the insect:
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Computer simulation



Computer simulation



Model validation



Model validation

Measurement procedure within 25 s







Model application



Model application



Model application

The results demonstrated that the heating rate for vertically placed

insect was much higher than that obliquely and horizontally placed

insects.



Model application

The loss factor is the dominant factor influencing differential energy

absorption from the RF field.



Model application

The temperature increased slowly for the short and fat insect,

but small insects were much easy to be killed during RF heating

due to relatively fast heating.



Conclusions

• Simulated and experimental results both showed that cold spots
were located at the center part of each layer.

• The mean temperature differences between insects and soybeans
at the top, middle, and bottom layers were 5.9, 6.6, and 6.2 ºC ,
respectively.

• Simulated results showed that when the insect was placed on the
top surface center, horizontally placed in the host medium, and
large insect size would cause relatively slow heating rate as well as
low average temperature.

• The developed simulation model can help designing the practical
treatment protocol to maintain selective RF heating and achieve the
optimum product temperatures for completely controlling the
insect without adverse effects on host product quality.
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