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Abstract: In this Special Issue, all aspects of fluid flow and heat transfer in geothermal applications,
including the ground heat exchanger, conduction, and convection in porous media, are considered.
The emphasis here is on mathematical and computational aspects of fluid flow in conventional and
unconventional reservoirs, geothermal engineering, fluid flow and heat transfer in drilling engineer-
ing, and enhanced oil recovery (hydraulic fracturing, steam-assisted gravity drainage (SAGD), CO,
injection, etc.) applications.
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1. Introduction

This Special Issue is a continuation of the previous Special Issue, “Mathematical
Modeling of Fluid Flow and Heat Transfer in Petroleum Industries and Geothermal Ap-
plications”, published in 2019. Geothermal energy is the thermal energy generated and
stored in the Earth’s core, mantle, and crust. Geothermal technologies are used to generate
electricity and heat and cool buildings. To develop accurate models for heat and mass
transfer applications involving fluid flow in geothermal applications or reservoir engi-
neering and petroleum industries, a basic knowledge of the rheological and the transport
properties of the materials involved (for example, drilling fluid, rock properties, etc.),
especially in high-temperature and high-pressure environments, are needed. In this Special
Issue, all aspects of fluid flow and heat transfer in geothermal applications, including the
ground heat exchanger, conduction, and convection in porous media, are considered. The
emphasis here is on mathematical and computational aspects of fluid flow in conventional
and unconventional reservoirs, geothermal engineering, fluid flow and heat transfer in
drilling engineering, and enhanced oil recovery (hydraulic fracturing, steam-assisted grav-
ity drainage (SAGD), CO; injection, etc.) applications. I would like to thank all the authors
who contributed to this Special Issue. A brief outline of each paper is given below.

One of the major problems in petroleum industries is related to the agglomeration
of gas bubbles inside electrical submersible pumps (ESP) impellers; this can cause lower
pump performance and degradation, resulting in mild to severe deterioration (surging/gas
pockets). Ali et al. [1] compare the existing empirical two-phase models with their single-
stage centrifugal pump results to see their validity and working range. By performing
a CFD-based (computational fluid dynamics) numerical analysis, they also discuss gas-
handling design methods, which are helpful in enhancing the multiphase performance
of ESPs.

In many cases involving fluid flows in geothermal applications and petroleum indus-
tries, pipe flow is probably the most studied problem. Alves dos Santos Junior et al. [2]
look at the fully developed laminar flow of a fluid through a corrugated cylindrical duct
using the Galerkin-based integral method. They consider a heavy oil with a relative density
of 0.9648 (14.6° API) and temperature-dependent viscosities ranging from 1715 to 13,000 cP.
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Their results are given for different fluid parameters, such as the Fanning friction factor,
Reynolds number, shear stress, and pressure gradient.

An important problem in the oil industry is the disposal of produced water, and
membrane-separation technology appears to be an essential tool in the treatment of these
waters. Magalhaes et al. [3] develop a mathematical model for simulating the oil /water
separation by using a ceramic membrane, along with the CFD code, Ansys CFX® 15.
They present the results for oil concentration, pressure, and velocity distributions, and
permeation velocity. Their results indicate that the temperature strongly influences the
flow behavior.

To maintain reservoir pressure and improve the oil sweep efficiency, waterflooding
is commonly used. However, injecting a cold liquid can cause stresses which can lead to
fractures. These thermally induced fractures (TIFs) can cause non-uniform distribution of
fluid flow in wellbores, reducing the sweep efficiency and initiating the early water break-
through in the production wells nearby. Almarri [4] uses a 3D reservoir simulator coupled
with 2D finite element TIF with geomechanical models to match an injector (NI6) in the N
Field sector reservoir model. The author improves the reservoir and the geomechanical
models by validating them via the observed TIF onset and propagation periods.

Among the many different flow simulation models, the embedded discrete fracture
model (EDFM) is known to provide a reasonable balance between efficiency and accu-
racy. Shao et al. [5] propose an integrally embedded discrete fracture model (iEDFM)
for anisotropic formations; they use a structured mesh and fracture element, the latter
consisting of a group of connected fractures embedded in the matrix grid. They derive an
analytic pressure distribution for the point source expressed in terms of the permeability
tensor. They also consider a two-phase flow problem, where they analyze the effect of the
matrix anisotropy on the simulation result.

Szott et al. [6] develop a model for an ongoing project (24 years) for acid gas seques-
tration in a deep geological structure. The model is based on the available operational and
monitoring data, and it can help determine the basic characteristics of the sequestration
process. Their simulation results can predict the capacity of the analyzed structure by
finding the optimum situation for increased sequestration. The importance of fluids satura-
tion and compositions, along with the time for fluid migrations and the gas transition, are
also discussed.

In many geothermal reservoirs, there are large fracture apertures and, as a result,
severe loss of circulations can occur; this is very costly and may lead to stuck pipe, well
instability, and well abandonment. One of the techniques used to overcome this problem is
by adding lost-circulation materials (LCMSs) to seal the fractures. Lee and Dahi Taleghani [7]
perform parametric studies in order to better understand the various thermal effects on
the sealing mechanisms of LCMs. They use the computational fluid dynamics (CFDs)
approach along with the discrete element method (DEM) to accurately describe the physics
of sealing by granular materials. They study the fracture-sealing capability by considering
the effects of four parameters, including fluid viscosity, particle size, friction coefficient, and
Young’s modulus. They notice that thermally degraded properties can lead to inefficient
fracture sealing.

Amongst the various modeling approaches to study the horizontal oil-water flow is
the Algebraic Interfacial Area Density (AIAD) model. Hohne et al. [8] look at this model
and compare the standard ANSYS Fluent Eulerian Interface Capabilities (namely, Multi-
Fluid VOF) without AIAD, and ANSYS CEX with AIAD implemented via user functions.
Their numerical results, compared with the existing experimental data, indicate that the
accuracy of the horizontal oil-water flow can be increased when using the regime transition
capabilities such as those offered by the AIAD model.

A conventional method in secondary oil recovery is to inject water into the oil-
saturated porous rock. Gotabek et al. [9] discuss the use of scaling and dimensional
analysis and assess the viability of conventional modeling of immiscible displacement.
They use the Buckingham IT theorem to generate all possible combinations of dimen-
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sionless products for physical variables describing the phenomenon. They analyze the
laboratory tests and statistically verify the quantities describing both the dependent and
the independent experimental variables.

Apparent gas permeability (AGP) is an important parameter that needs to be consid-
ered in most reservoir simulations. Li et al. [10] develop an AGP model, coupling multiple
mechanisms, to study gas transport in a multiscale shale matrix. Various effects, such as
deformation of the porous media, irreducible water saturation, and gas ab-/de-sorption
are considered. They also look at the effective pore size distribution (PSD) and AGP under
different water saturation. Their results indicate that the presence of irreducible water
leads to a decrease of AGP, and at low water saturation conditions, irreducible water tends
to occupy some of the pores.

Sukharev [11] looks at the flow of a multicomponent fluid through a pipeline sys-
tem of arbitrary configuration. The author introduces a criterion similar to entropy in
thermodynamic processes, characterizing the degree of closeness of a multicomponent
mixture to an equilibrium state. If there are no phase transitions, the main problem reduces
to determining the composition of the fluid for each pipeline based on the values of the
concentration of the components. By providing a numerical example where the distribution
of a three-component mixture is given, the author shows the feasibility of the proposed
computational procedure.

Many suspensions, composed of fluid and solid particles, behave as non-Newtonian fluids
with rheological characteristics such as yield stress, thixotropy, and shear-thinning/thickening,
etc. Li et al. [12] look at the flow of a non-linear fluid with yield stress exhibiting shear-thinning
effects in the following geometries: (i) a straight channel, (ii) a channel with a crevice, and (iii)
a pipe with a contraction. They assume that the suspension behaves as a Herschel-Bulkley
fluid. By numerically solving these problems, they notice that for flows with low Reynolds
number and high Bingham number, an unyielded plug may form in the center of the channel.

Wu and Wu [13] study a fluid—particle suspension by modeling the mixture as a
non-linear single-phase fluid where the migration of the solid particles is incorporated by
using a particle flux equation, where the effects of particle migration on the momentum
and internal energy of the suspension are considered. They consider two problems: (i) flow
in a sudden expansion channel and (ii) flow between two rotating cylinders. They notice
that the particle flux model converges without any problems; they use the PISO-SIMPLE
transient solver.

In measuring the yield stress of gelled waxy crude oil, the inertia of the measuring
device can cause the actual shear rate to be different from the setting one, and it may
become necessary to modify the shear rate history in model validation. Sun et al. [14]
use a fractal model for the structural description of the waxy gel and Marrucci’s model
for the time evolution of the stress where elastic and viscous effects are included. It is
shown that Marrucci’s model provides much better results compared to the Maxwell model,
as it incorporates the non-linear viscoelastic effects of the waxy crude gels in the stress
evolution equation.
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