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Abstract

The article considers questions of calculation of the temperature field in the well during induction
heating of the casing section. CFD simulation of temperature field formation in Ansys Fluent simulator
was performed. Heating in column and flow is calculated for the modeling parameters considered.
Recommendations on the application of numerical model in the planning of well research by the method
of active thermometry are given.
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Active thermometry is one of the most promising methods of geophysical research of active
wells. The method is based on the creation of an artificial temperature field in a well due of local
heating of a metal casing [1,2]. Monitoring of temperature markers allows to determine low
flow rate in a well and diagnose behind-the-casing flow. Up to date, the theoretical basis for the
application of induction heating for solving of field problems is not sufficiently developed. The
work presents the results of calculation of the temperature field in the well during induction
heating of the casing, obtained by numerical simulation in Ansys Fluent.

Mathematical Model of Induction Heating

The geometry of the model, constructed in Ansys Fluent 2021 R1 (ANSYS Academic
Research CFD license, agreement with Bashkir State University dated 06/15/2020), is shown
in Figure 1a; [1]. The inductor heats the casing, the column transfers heat to the fluid flow
and the surrounding rocks. At the input of the model (fluid area) constant temperature T and
flow velocity v are set at the output boundary condition on the pressure p is set. At other
boundaries, the heat flow is zero (Figure 1b). In the field of inductor, casing and rock the
equation of thermal conductivity is solved [3],
∂T
c ρ= div ( λ∇T )
∂t
where с–specific heat capacity, J/(kg∙K); ρ–density, kg/m3; λ–thermal conductivity, W/
(m∙K); T–temperature, K.
For the liquid in the column the Navier-Stokes equations in the Oberbeck - Boussinesq
approximation of [4] are solved.
 ∂υ

ρ0 
+ (υ ⋅ ∇ ) υ  = −∇p + µ∆υ + ρ (T ) g
∂
t


where ρ - liquid density, kg/m3; υ–flow velocity, m/s, p–pressure, Pa; μ–dynamic viscosity,
Pa∙s; g - gravitational acceleration, m2/s; T–temperature, K.
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Figure 1: (a) Model geometry.

Figure 1: (b) Temperature field in a well during the heating.
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Calculation Discussion
Numerical simulation on the formation of the temperature
field during induction heating and after stopping the inductor is
performed. Parameters used during modeling are the following:
the inner and outer radius of the casing is 63.5 and 73.5mm,
respectively, the outer diameter of the inductor is 42mm, the length
of the inductor is 0.4m, the power of the inductor is 1000W, the
heating duration is 20 minutes, the viscosity of the liquid is 0.5mPa∙s,
the thermal conductivity is 0.65W/(m∙K), the specific heat capacity
is 4185J/(kg∙K), density 980kg/m3, thermal conductivity of metal
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50W/(m∙K), specific heat 500J/(kg∙K), density 8000kg/m3, thermal
conductivity of rocks and cement 1.2W/(m∙K), specific heat 1000J/
(kg∙K), density 2500kg/m3, the volume flow rate in a well is 25m3/
day, for convenience, the initial temperature in the model is 0 [5].
Figure 2 shows the mass weighted average temperature in the well
during heating and stoppage the inductor. The heating of the liquid
during the heating period is about 0.7K, due to natural convection,
the maximum temperature shifts 0.4m higher relative to the heating
interval. After stoppage of the inductor, thermal anomalies are
dispersed: after 5 minutes they are less than 0.2K, after 20 minutes
– less than 0.05K.

Figure 2: Mass weighted average temperature in a well during heating (a) and cooling (b); color - heating interval.
Here: 1, 2, 3, 4 – temperatures at 5, 10, 15, 20 minutes.
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Concluding Remarks

References

Based on numerical modeling in Ansys Fluent, the formation of
a temperature field in a liquid and a casing during induction heating
and stoppage of the inductor is considered [6]. For the considered
simulation parameters, the maximum heating in the column and
the liquid flow was calculated, which was about 10 and 0.7K,
respectively. Moreover, the maximum temperature of the liquid is
reached above the heating interval due to natural (free) convection.
The results of the calculations can be used in the prediction of
temperature anomalies, planning of well surveys by the method of
active thermometry.
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