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FORMATION OF STRUCTURES IN MEDIA CONTAINING OIL

S. R. RasuLov ¢ G. |. KELBALIYEV o V., I. KARIMLI ® N, A. ABDULLAYEVA

Abstract: A number of issues with crude oil production and transportation can arise from the presence of water
dissolved in the oil as a water-in-oil emulsion. Issues related to transportation are demonstrated by the when
water is present, the resulting fluids' viscosity increases. The effects of temperature, disperse phase droplet
size, and disperse phase volume on the rheological characteristics of water-in-crude oil emulsions have been
studied in order to better understand this undesired occurrence and to support demulsification research.
The results obtained with various crude oils show that as the water content and water droplet size decrease,
the viscosity of the water-in-light crude oil emulsions increases. The emulsions exhibit Newtonian behavior
at low water contents but deviate from it as water content increases. The results show how the rheological
characteristics and dehydration of these emulsions are impacted by the precipitation of specific native surface-
active components in crude oil. Crude oil reservoirs are nearly invariably connected to gas and briny water.
Therefore, it is highly possible that coproduction of water will also happen at some point during the production
of crude oil. This often occurs as the reservoir gradually empties. The produced water may come from the res-
ervoir's water-bearing portion or from water that has been injected for secondary or tertiary oil recovery.
No matter what kind of water phase exists, as long as it is coproduced, shear and pressure drop at well-head

chokes and valves will spread it out easily.
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INTRODUCTION

A range of experimental data are taken into consideration and rheological models of viscous-
plastic heavy oils are created. Numerous existing models can be made more universal by including
new rheological models for viscous-plastic heavy oils. The criteria to produce disordered structures
in the majority of the oil flow are documented to determine the range of rheological models for heavy
oils [1, 2]. Based on the effective viscosity of the oil, pressure gradient, shear stress, and several other
factors, a nonlinear equation for filtering in porous media is provided for heavy oils [3-6]. This equa-
tion has an analytical solution that is suggested and agrees with the results of the experiment. A non-
linear equation for filtering in porous medium for heavy oils is provided, which depends on many
parameters such as the oil's effective viscosity, pressure gradient, and shear stress. This equation has
an analytical solution that is suggested and agrees with the experimental results. Proposed are models
for the drag coefficient and settling rate of particles in heavy oils. In order to improve the rheological
characteristics of heavy oil during processing as a result of developing a recirculation scheme
at an operational oil refining unit, applied rheology difficulties are taken into consideration [6-9].

The inclusion of naturally occurring surfactants from crude oil stabilizes the resulting water-in-
oil emulsions by adsorbing at the oil-water interface and creating an interfacial skin around each water
droplet. The physical barrier that prevents coalescence is what leads to the overall high stability
of emulsions of water in crude oil [2, 7]. The addition of tiny, solid wax particles has been shown
to enhance this skin when combined with specific crude oils. Water-in-crude-oil emulsions can cause
a number of issues, such as: the cost of pumping or transporting the saline water by tanker or pipeline;
corrosion of downstream overhead distillation columns and production equipment; the need for
additional production equipment to provide export-quality crude oil; and poisoning of refinery cata-
lysts. Therefore, it is evident that the removal of this emulsified water early in the production scheme

Recommended for publication by the Program Committee of the X International Scientific Conference ITIDS’2024
“Information Technologies for Intelligent Decision Support”, Ufa—Baku—Chandigarh, November 12-14, 2024.


https://www.elibrary.ru/UFZDNC

104 Section — MATHEMATICAL MODELING, NUMERICAL METHODS, PROGRAM PACKAGES

is justified for both operational and commercial reasons. However, in other situations, such as when
producing crude oil from autonomous offshore platforms or satellite wells, it is not feasible to resolve
emulsions before pipeline transmission. Then, the presence of emulsified water droplets in cooling
crude oil causes a rise in viscosity, which is the immediate production issue rather than the removal
of the water. The current work aims to tackle this topic by concentrating on how the addition of water
in an emulsified form alters the rheological characteristics of crude oil. To suggest the appropriate
placement of facilities for pumping the generated water-in-oil emulsion, the design engineer must
have a thorough understanding of the rheological behavior of the emulsion. In fact, the outcomes
might affect whether or not the oil needs to be dehydrated before being transported. We will thus
demonstrate how several factors affect the rheological characteristics of water-in-crude oil emulsions,
including temperature, disperse phase volume, and water droplet size. Next, we will create a theme
that illustrates how the bulk rheology of the emulsions can be impacted by the presence or absence
of fine particulates at the crude oil-water interface. There have been several presentations of prelim-
inary evidence for this. The current research has been expanded to allow us to examine the potential
effects of other oil-native chemical species, such as asphaltenes, on the rheological characteristics
of emulsions made with various types of crude oil [7, 8]. Lastly, we will show how the resolution
of water-in-crude oil emulsions corresponds with the observed rheological behavior. Our goal is
to draw attention to the significance of emulsion rheology in relation to the extraction and transpor-
tation of crude oil, a subject that hasn't gotten much attention to this point.

1. VARIOUS BREAKDOWN PROCESSES IN EMULSIONS

A family of dispersion systems called emulsions is made up of two immiscible liquids [9-12].
In a liquid medium, the liquid droplets (the dispersion phase) are distributed (the continuous phase).
Different classes can be identified: water with oil in it (O/W), both oil-in-oil (O/O) and water-in-oil
(W/O) exist. An emulsion made of polar oil (propylene glycol, for example) dispersed in nonpolar
oil (paraffinic oil) and vice versa can serve as an example of the latter kind. One needs an emulsifier,
a third ingredient, to disperse two immiscible liquids. For the emulsion to form and remain stable
over time, the emulsifier selection is essential [13, 14]. Emulsions can be categorized based
on the system's structure or the type of emulsifier used. Fig. 1 gives an illustration of this.

®eo
.9.-’ TR F",?”'
So-®oe®.0n
So®BD oo
L XL XY ) .o
‘Al
V% SBdlmild tion GC\)\@“G
Np A
g . o ‘. o <
. .' -
e
qu
\1 \d\ Coalegeence ‘Oﬂ,,,ﬁ/!?
\(\ )O
© o o
o o oo o > °
o S

Fig. 1 Schematic representation of the various breakdown processes in emulsions

It is required to find solutions to a variety of occasionally contradictory issues in order to regulate
the structural and mechanical features of oil dispersion systems in the processes of oil production,
transportation, refining, and petroleum product consumption. A high concentration of dispersed par-
ticles (water droplets, gas bubbles, and solid particles), along with asphalt-resin and paraffin particles
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dissolved in heavy oil, are considered the rheological properties of oil dispersed systems. These prop-
erties also include the ability of the particles to form different structures as a result of their physical
interactions with one another. Particle size, shape, concentration, and characteristics all play a signif-
icant part in the creation of structures and the building of rheological models of non-Newtonian fluids.
Many rheological models with distinct features that represent the flow of oils from diverse fields are
provided in publications [3, 11]. The core of rheological study is, as is well known, the nature of
the relationship between shear stress 7, shear strain y, and their changes in time dt/dt and dy /dt
[13, 14]. Heavy processing products and high viscosity viscous plastic oils are categorized using rhe-
ological properties as a criterion. After the system under study limiting shear stress, t,, iS overcome,
a series of actions of breakage and restoration of links between scattered particles comprise the mech-
anism of plastic flow. The core of rheological study is, as is well known, the nature of the relationship
between shear stress t, shear strain y , and their changes in time dt = dt and dy = dt [3, 5, 8]. Heavy
processing products and high viscosity viscous plastic oils are categorized using rheological proper-
ties as a criterion. After the system under study's limiting shear stress, To, iS Overcome, a series
of actions of breakage and restoration of links between scattered particles comprise the mechanism
of plastic flow. When the shear stress exceeds the elastic limit stress, T >> 1q, the structure breaks
down and the viscosity rapidly decreases. It is possible to assess the basic characteristics of the sys-
tems themselves using rheological models of oil dispersed systems. These models are primarily
empirical or semiempirical in character since they lack a shared mechanism of flow and deformation.
There are several empirical rheological models of structured dispersal systems, but yet, no qualitative
or quantitative theories exist that relate the structure parameters to the rheological characteristics
of the system. This might be the result of the flow, distortion, and creation of an unorganized structure
in each unique instance. As a result, the findings demonstrate that several empirical or semiempirical
equations can accurately represent the same experimental investigation while maintaining model
fidelity.

2. EXPERIMENTAL PART

Particles that have intermolecular connections with one another produce coagulation structures.
If there are liquid interlayers between the particles, the strength of the coagulation structure is strongly
influenced by the thickness of these interlayers. The variable state of the 2 Topics on Oil and Gas
environment and changes in the physical characteristics of the particles that is, a shift in the size and
volume of asphaltene particles as a result of their interaction, collision, coagulation, and crushing at
a specific concentration in a closed volume are the hallmarks of aggregate unstable oil systems.
A shift in the structure brought about by the creation and disintegration of aggregates from asphaltene
particles in the presence of resins explains the relationship between the structure and viscosity of
petroleum dispersed systems as well as the characteristics of their non-Newtonian flow. High molec-
ular weight paraffin crystals, resins, and asphaltene particles combined with oil-structured materials
form a chain or, in the worst-case scenario, a continuous grid (framework) at very low laminar flow
rates or without flow. Individual asphaltene nanoparticles coagulate or aggregate sequentially to cre-
ate nanoaggregates and clusters of nanoaggregates, which ultimately forms a viscoelastic framework
that gives heavy oils specific rheological characteristics. The study points out that two structural
groups that differ in the kind of intermolecular interactions between particles in an oil-disperse me-
dium are formed from the activation energies of real oil-dispersed systems. These groupings can be
divided into two categories based on the amount of asphaltenes and resins they contain: immobile
with a low asphaltene content and interactive with a high asphaltene content. The typical variations
in activation energies for the two groups are displayed in Fig. 2.

The following presumptions can serve as the foundation for the rheological model of the flow of
oil dispersed systems [14].

e As aresult of diffusion in laminar and turbulent shear flow and sedimentation (gravitational
coagulation), asphaltene particles in structured oil systems can collide, coagulate, and aggregate,
forming nanoaggregates. These aggregates can be deposited on the surface, forming a relatively thick
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layer of deposits on the walls of the porous oil reservoir. In addition, temperature-dependent pressure
decreases during vigorous mixing or turbulent flow may cause precipitated asphaltene particles to dis-
solve or separate.

e Until they clash with asphaltene particles or other comparable aggregates, nanoaggregates
travel as separate flow units.
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Fig. 2 For both the immobile group (1) and the interactive group (I1), the activation energy
is dependent on the asphaltene content [Ommoka! McTOYHMK CCHUIKH He HaliieH. ].

Colliding nanoaggregates combine to form clusters, which in turn form a viscoelastic frame
of a disordered structure with a loose coagulation structure and the maximum viscosity. The diame-
ters of the channels (pores and pipes) that the flow passes through define the maximum size of the
nanoaggregate structure. It is significant to remember that the variety of rheological models arises
from the production of disordered structures in the oil volume.

Depending on the pressure gradient or flow rate, nanoaggregates can rotate in a gradient field and
fracture due to tensile hydrodynamic forces.

The size of a single asphaltene particle to the largest possible cluster or disordered structure frame-
work is the range of the linear dimensions of nanoaggregates.

Under the condition ‘}i_)rg(TO/T) — 0, all aggregates are annihilated to individual particles

in the limiting situation of infinite velocity, which causes the flow of a dispersed system to approach
Newtonian.

3. RESULTS AND DISCUSSION

Asphaltenes dissolve readily in the presence of aromatic hydrocarbons, which inhibits the creation
of structures such as clusters and viscoelastic frameworks. The solubility of asphaltenes is influenced
by the existence of other compounds, like resins, in the oil.

Maxwell's viscoelastic fluid's rheological equation in considerable derivatives is expressed as fol-
lows:

A(aT+UaT)+ = .y ©)
ot T ay) T T T

where A is the relaxation time, t = 0,7 = 7,7 = 0.
The Eq. (1), presented in the form

A<6T+U6T)+ =0 @)
at ' Cay) T
The solution of Eq. (2) can be represented as
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= Cf O - U exp(T7/y). 3)
We get an identity by substituting this answer into Eq. (2). Here, A = n./G is the Maxwell relax-
ation time, U is the strain front movement velocity f(y — Ut) is a function that determines the strain
front in the frame, y is the coordinate, G is shear modulus, y = dy/dt is shear rate, v is the shear
gradient, 7, is the ultimate shear stress or yield strength. Moreover, if T < 7,, then y = 0. The com-
plete solution of
Eq. (3) takes the form:

T=Cf(y—Ut) exp(_t/l) g 4)
or this equation can be written in logarithmic form:
lnT=ln1’0—1//1+ln(C1f(y—Ut)),TO =1.7. (5)

It's clear that the value t=\ in Eq. (5) describes the viscoelastic frame's deformation over time and
that, when heavy oils flow, it depends on the pressure gradient or velocity, which, in an approxima-
tion, can be expressed as follows:

t/A =ty /| Wi~f[(grad P/(gradP),)"],
where Wi = Ay is the Weissenberg number.

CONCLUSION

For viscous-plastic heavy oils, new rheological models are put forth, allowing for the generaliza-
tion of numerous previous models. It is observed that the circumstances for the production of disor-
dered structures in the majority of the oil flow dictate the range of rheological models for heavy oils.
A nonlinear equation for filtering in porous medium for heavy oils is provided, which depends
on many parameters such as the oil's effective viscosity, pressure gradient, and shear stress.
This equation has an analytical solution that is suggested and agrees with the experimental results.
Proposed are models for the drag coefficient and settling rate of particles in heavy oils. Rheological
application issues focused on enhancing heavy oil's rheological characteristics during processing.
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METAAAHHbBIE / METADATA

HasBaHue: dopmupoBaHuMe CTPYKTYp B cpesax, CoAepKaLmx HedTb.

AHHOTauua: Pag npobnem ¢ Aob6bluelt U TPAHCMOPTUPOBKOW CblpOi HePTU MOXKET BO3HUKHYTb M3-3a MPUCYTCTBUA BOAbI,
pacTBOpeHHOW B HedTU B BUAE IMYNbCUKN «BOAA-B-Macsie». [pobnemsbl, CBA3aHHbIE C TPAHCMOPTUPOBKOW, AEMOHCTPUPYIOTCA TEM,
YTO NPY HaMUYMK BOAbI BA3KOCTb MOJIYYEHHbIX KUAKOCTEN yBeAnUYMBaeTCcA. BavaHve TemnepaTypbl, pasmepa Kaneab AucnepcHomn
dasbl n ob6bema gucnepcHon Gpasbl Ha PEONOTUYECKUE XaPaKTEPUCTUKN IMYNbCUIA BOAA-B-CbIPON HEDTM M3YHaNoCh C LLe/Ibto lyYLlero
NMOHMMAHUA 3TOTO HEXeNaTeNbHOro ABJEHUA U NOALEPKKM UCCNef0BaHUIA NO AE3MYNbrMpoBaHuIO. Pe3ynbTaTbl, NOayYeHHble
C Pa3/IYHBIMM BUAAMM CbIPON HeDTHM, NOKA3bIBAIOT, YTO MO MepPe YMEHbLLIEHWA COAepPKaHMA BOAb! M pa3mepa Kanesb BOAbl BASKOCTb
3MY/NbCUI BOAA-B-NEFKOM Cblpol HedTU yBeAnUMBaEeTCA. IMYNbCUM AEMOHCTPUPYIOT HbIOTOHOBCKOE MNOBEeAEeHME NPWU HU3KOM
CoAEepPKaHUN BOAbI, HO OTK/IOHAIOTCA OT HEro Npu YBEANYEHUM COAEPKAHUA BOAbI. Pe3yibTaTbl NOKa3bIBAOT, KaK Ha peosornyeckune
XapPaKTEPUCTUKN U AermapaTaumio 3TUX 3MYNbCUA BAMAET OCaXKAEHWe onpeaefieHHbIX HaTUMBHbIX MNOBEPXHOCTHO-aKTUBHbIX
KOMMNOHEHTOB B cbipoli HedpTn. HedpTAHbIE pe3epByapbl NOYTM BCeraa CBA3aHbl C ra30M U CO/IeHOM BoAOM. [l0aToMy BeCbMa BEPOATHO,
4YTO B KAKOM-TO MOMEHT BO BpeMs A06bIumM Cbipoli HedTU TaKKe NPOM30IMAET NONYyTHOE NPOM3BOACTBO BOAbI. 3TO YAaCTO NPOUCXOAUT
no mepe NOCTENEHHOro ONyCcTOWeHUA pesepsyapa. [pom3BoAMMan BOAA MOMKET NOCTynaTb U3 BOAOHOCHOW YacTu pesepsyapa Mam
13 BoAbl, KOTOpasA bblna 3aKayaHa A1s BTOPUYHOW UK TPETUYHOW A06bluM HedTU. HesaBMCMMO OT TOro, Kakoi Tun BoagHOW ¢asbl
CyWecTBYeT MOKa OHa MOnyTHO Ao6blBaeTcA, CABUM M MafeHWe AaBNeHMA Ha WTyuepax W KnanaHax YCTbA CKBaXWMHbl Nerko
pacnpocTpaHAIoT ee.

Rheological models; settling; drag coefficient; effective viscosity; structure formation.
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