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Abstract: In order to accurately analyze the factors affecting the temperature distribution of heavy oil reservoirs
during high frequency electromagnetic heating, a mathematical model with dynamically varied reservoir properties was
established based on the theories of electromagnetic field and heat transfer. In this model, frequency dependence of
electrical conductivity and the relative permittivity of heavy oil reservoirs were taken into consideration, along with the
temperature dependence of thermal conductivity and specific heat. In addition, COMSOL software of was employed to
develop a mathematical model. Finally, the influencing laws governing temperature variation factors were studied by a
contrast method. The calculations reflect a direct correlation between electromagnetic wave power and reservoir
heating depth, and they demonstrate that the increase of electromagnetic wave power helps to increase the heating depth
of reservoir. Although large electromagnetic wave frequency can lead to high temperature area nearby the wave source,
the temperature value decreases sharply with the increase of depth. The results of a temperature calculation considering
the dynamic change of reservoir properties differ from those calculated based on the constant reservoir properties.
Reservoir temperature increases with the relative permittivity and conductivity within a certain range of variation. The
results show that reservoir properties, electromagnetic wave power and frequency have a significant impact on
temperature distribution of the reservoir and perhaps are prime influencers. The mathematical model that takes into
consideration the dynamic change of reservoir properties provides a theoretical basis for the field application of a high
frequency electromagnetic heavy oil heating technology.
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Fig.1 Schematic of heavy oil reservoir under electromag-
netic heating
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Fig.2 Three-dimensional geometric model of a heavy oil
reservoir under electromagnetic heating
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Fig.3 Changing laws of electric conductivity and relative
permittivity of reservoir with frequency
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Fig. 4 Schematic of electromagnetic waves attenuation
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Fig.5 Grid partition of the heavy oil reservoir under elec-

tromagnetic heating
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Fig.6 Calculation results of electric field distribution
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Fig.8 Three-dimensional map of reservoir temperature
distribution under different electromagnetic wave
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Fig.9 The influence of electromagnetic wave frequency on
reservoir temperature distribution
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Fig.10 A comparison of temperature distributions based

on the constant and variable electrical conductivity
and relative permittivity of reservoir with temper-
ature
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Fig.11 A comparison of temperature distributions based
on the constant and variable thermal conductivity
and specific heat of reservoir with temperature
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