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Introduction

A study by Amaco found that 70% of unintended
waiting times are due to drill string sticking, and
one-third of these stickings are due to well cleaning
problems [ 1]. Failure to clean the well will cause many
problems. These problems include creating excess
torque, mechanical trapping, drilling fluid waste,
problems in cementing, well surveying, and well
control [2]. To identify and study these parameters,
and also because the study of parameters at the well
site was risky and costly, Flow loop simulators have
been developed. The development of mechanical
models began in the late 1980s, when the movement
pattern was fully understood, and the factors affecting
well cleaning were fully explored [3]. Factors affecting
well cleaning have A introduced as mud rheology, fluid
flow in annular space, particle size, mud density, mud
viscosity, and drilling penetration rate [4,5].

Materials and Methods

A flow loop is located in the drilling laboratory of
the Department of Petroleum Engineering, Amirkabir
University of Technology, which is responsible for
simulating the operational wells, and during several
experiments, phenomena such as well cleaning and
transfer of drilling cuttings have been studied. This
flow-loop is a modified model that includes a bit
simulator and four nozzles as the fluid entrance path
and a relocated hole at the top to simulate in-situ fluid
flow situation better. A CFD model with experimental
properties has also be made in ANSYS program
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with 3 different mesh types: A (~100,000 elements),
B (~200,000 elements) and C (~500,000 elements)
tethrahederal meshes. The fluid phase was water with
a density of 998.2 kg/m3 and viscosity of 0.001003
kg.m/s with CaCO, cutting particles with a density of
2800 kg/m3 and a particle diameter of 1 mm. Also, a
CFD model named E2-475 (~475,000 mesh elements)
had been designed based on previous experimental
model that was studied and selected as an optimal CFD
model.

Results and Discussion

As a factor for comparison, the remaining mass of
CaCO, in specified intervals has been recorded in
both experimental and CFD models. Due to difficulty
of measuring in experimental model, in addition to
initial CaCO, mass (500 g) ten timing intervals was
chosen, and CaCO3 mass was recorded in each time.
For better comparison, the remaining CaCO; in each
CFD model was also measured by the experimental
model time intervals. Afetr analysing and comparing
the remaining CaCO, mass in all models, the accuracy
and also mesh independency of type B model — as the
best matching simulation CFD model — have been
verified by experimental model. Also, to compare the
models based on new experimental model and the
models based on previous experimental model, the
type B mesh has also been compared to E2-475 and
shows that in accordance to shorter runtime and fewer
error with respect to its experimental model, type B
mesh is more optimal than older E2-475 model.
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Conclusions

In this research, in addition to updating a laboratory
and experimental model - by adding nozzles to the
bit - the old computational fluid dynamics model of
Dehvedar et al., corresponding to the experimental
model, was also updated through a new CFD model.
One of the results of this update is a better simulation
of the arrangement and conditions of downhole
equipment. After the analysis between the simulation
results of models A, B and C, it was found out that
the type A model did not have the necessary ability
to simulate the operations of cutting transports and its
values were associated with a high error compared to
the experimental test. The execution of the simulation
in model B with about 200 thousand meshes is much
faster and more optimal than model C with more than
500 thousand meshes, and in the process of validation
and independence from the mesh, it was found out that
the difference between the results of models B and C is
not significant; But considering the time needed to run
the simulation (about 60 hours for model C against 22
hours for model B), it would definitely be reasonable
to use model B.

In addition, the results found out in a 2019 article by
Dehvedar et al. were used to compare the effect of
mesh specifications of CFD models on the simulation
of the old experimental model, so that despite the
differences such as the mass of the cuttings in the
model and physical differences, the behavior prediction
performance of type B model was also compared with
the selected optimal model E2-475, which in terms of
less mesh number and less relative error compared to

the corresponding experimental model, model B was
selected as the optimal model in this comparison.
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