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The aim of this study is to comprehensively analyze the impact of temperature and pressure on
the efficiency of oil displacement in porous reservoir media. The research objectives include evaluating
how thermobatric conditions influence key reservoir properties such as oil viscosity, interfacial tension,
wettability, and phase behavior, which are critical for enhanced oil recovery (EOR) processes. To achieve
this, a multi-method approach was adopted, combining laboratory core flooding experiments, microfluidic
visualization, and advanced numerical simulations using CMG STARS, ECLIPSE, and Navigator software.

The results indicate that increasing temperature significantly improves oil mobility by reducing
viscosity, lowering interfacial tension, and promoting a more water-wet reservoir surface. Meanwhile,
pressure strongly affects miscibility and phase transitions, which is especially relevant for gas injection
operations, including CO; flooding. Sensitivity analysis identified optimal temperature—pressure
conditions that maximize oil recovery. These findings underscore the importance of considering
thermobaric effects in reservoir modeling and designing effective EOR strategies, contributing to
more efficient exploitation of hydrocarbon resources.

KEYWORDS: temperature; pressure; oil recovery; wettability alteration; interfacial tension; CO,
injection; thermal recovery; microfluidics
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Llenbro daHHO20 uccriedosaHus A8Msemcs 8CECMOPOHHUU aHanu3 enusiHUs memmnepamypsl u
OasrieHusi Ha 3¢bghekmuBHOCMb 8bIMECHEHUST Heghmu U3 opucmabIx rnacmosbix cped. B 3adaqu
uccriedosaHusi 8Xo0UM OUEHKa /UsIHUS mepMobapuyecKux ycrosuli Ha KIlo4esble KOMIeKmop-
CKue ceolicmea, maKue Kak 8513KoCmb Hehmu, MexghasHoe HamsixeHue, cMaqueaemMocms U ¢ha3o-
8bil PEXUM, KOMOpbIE UMEM peliarujee 3HayeHue 01151 IPoyeccos rosbileHuUs: Heghmeomoadyu
nnacmos (EOR). [ns docmuxeHus amod yenu 6bir npuMeHeH MHO20MemoOHbIl Modxo0d, cove-
marouwuti nabopamopHbie 3KCrnepuMeHmabl Mo 3amorieHur aKmugHOU 30HbI, MUKPOGIIOUOHYO
8u3yanusayuto U pacwupeHHoe YucrieHHoe ModenuposaHue C UCMonb308aHUEM MPO2PaMMHOZ0
obecnevyeHusi CMG STARS, ECLIPSE u Navigator.

Pe3ynbmamsl rnokasbiearom, 4mo rosbiueHue memrepamypbl 3Ha4UMesibHO yrydwaem
Mo08UXHOCMb HE(hmMuU 3a cHem CHUXXEHUsI 85I3KOCMU, MexXgha3HO20 HamsiXeHUs1 u criocobcmey-
em boree ysnaxHeHU nogepxHocmu riaacma. B mo e epems daeneHue cunbHO erusiem Ha
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cMewiugaeMocmb U ¢ha3osbie nepexoobl, 4mo 0cobeHHO akmyarbHO MpU 3aKkadke easa, eKo4asi
3as00HeHue CO,. AHanu3 4yecmeumesibHOCMU 8bIs18UST ONMUMasbHbIE memnepamypHO-0aeneH-
4yecKue ycrio8usi, Komopble Makcumusupytom Hegpmeomadady. Omu pesyribmamai nod4yepkusarom
8aXXHOCMb ydyema mepmobapuyeckux aghheKkmos rpu MooenuposaHUU KOIIIIeKmopos U pa3pa-
b6omke aghghekmueHbIx cmpameaul nosbiweHuUss Hegpmeomaoadu rnacmos, criocobecmayroujux
boree aghchekmuesHoU aKcrilyamayuu y2rne8o000pOOHbIX PECYPCO8.

KITKOYEBBIE CJIOBA: memnepamypa; 0asrneHue; 00bbi4a Heghmu; U3MeHeHUe cMmaqueae-
mocmu; MexghasHoe HamsikeHue; 3akadka CO, mepmuyeckoe 8o3delicmeue Ha niaacm, MUKpPO-
rouduka.
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Bbyn 3epmmeydiH Makcambl memrnepamypa MeH KbICbIMHbIH Keyekmi pesepgyapnapoarbi
MyHaUObIH OpbIH aybicmbipy muimoinieiHe acepiH xaH-xakmbsl manday 6osbin mabbinadsl. 3epm-
meydiH Makcammapbl mepmobapukarbiK xardalnapdbiH MyHalObIH MYMKbIPIbiFbl, hazaaparbik
Kepirny, cynaHy xoHe ¢hasaribiK MiHE3-KYIIbIK CUSIKMbI He2i32i pe3epayap KacuemmepiHe Kanal acep
ememiHiH 6aranaydbl Kammuodbl, onapdbiH 6aprbifbl MyHalobl KarmbiHa Kenimipy rnpouyecmepiH
(EOR) xakcapmy ywiH eme maHbI30bl. Ocbl Makcamka xemy ywiH CMG STARS, ECLIPSE xoaHe
Navigator 6ar0apnamarbsIK )xacakmamarnapbiH KoridaHa ombIpbir, 3epmxaHarbik 50ponapobl cy
bacy akcriepuMeHmmepiH, MUKpogrnroudmik gudyanu3dayusiHbl xoHe xemindipineeH caHObIK MO-
Oenb0eydi bipikmipemiH kern 8dicmi macin KabbidaHObI.

Hemuxxenep memnepamypaHbIH Xofapbinaybl MymkbIpibiKmbl memeHOemy, chazaapasbik
Kepinydi azalimy xoHe cy KolimacblHbIH biriFandbl 6emiHiH natida 60mybiHa biKnan emy apKbiibl
MyHaldbIH KO3farnfbiWmablfbIH almapribikmad xakcapmamaiHbiH kepcemedi. COHbIMEH Kamap,
KbIcbIM calikeccislikke XoHe ¢ha3arbiK aybicynapra kammbl acep emedi, by acipece 2a3dbi ali-
Oay onepauyusinapbiHa, COHbIH iwiHOe CO, cy mackbiHbiHa Kambicmbl. Ce3iMmandbiKkmbl mari-
Oay MmyHaliObl bapbIHwWa KasrbiHa Kermipemid oHmadsibl memnepamypa—KbiCbiM XardalinapbiH
aHbIKmaodbl. byn Hemuxenep konnekmopnapObi Modennb0eyde mepmobapukarblK acepnepoi ecke-
PyOiH MaHbI30bIfbIFbIH XOHE KeMipCymek pecypcmapbiH muimdipek natidanaHyra biknan ememiH
kabammapdblH MyHal eHOipiciH apmmbipyObiH muiMOi cmpameausinapbiH 83ipreydi kepcemeoi.

TYUAIH CO3EP: memnepamypa; KbickiM; MyHall eHOipY; cynaHyObiH e32epyi: pasaaparnsik
kepiny; CO, aliday; kabamka mepmMusinbIK 8cep emy; MUKpogouduka.
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ntroduction. The importance of modern enhanced oil recovery (EOR) meth-
ods has increased as conventional production techniques lose efficiency and

the remaining hydrocarbon reserves are characterized by greater geological and
structural complexity. Improving the efficiency of reservoir development requires not
only the introduction of new methods, but also their adaptation to the specific conditions
of each field. Among the key factors influencing oil displacement efficiency are tempera-
ture and pressure, which significantly affect the physicochemical properties of fluids,
phase behavior, and oil mobility within the porous medium.

These parameters play a crucial role in selecting appropriate technologies for the
development of heavy oil and unconventional reservoirs. At elevated temperatures and
pressures, changes in displacement mechanisms must be carefully evaluated to deter-
mine the most effective EOR strategy. Previous studies have shown that temperature
and pressure influence the wettability of reservoir rocks and, as a result, affect residual
oil saturation and the performance of water-based and chemical EOR techniques [1,2].

The objective of this study is to analyze the impact of temperature and pressure on
oil displacement efficiency in porous media. To achieve this, the following tasks were set:

— Investigate the fundamental oil displacement mechanisms in porous media;

— Evaluate how temperature affects viscosity, interfacial tension, and phase behavior;

— Analyze the influence of pressure on gas solubility, phase transitions in "solid-lig-
uid", "liquid-solid", and "liquid-liquid" systems, and identify the filtration stages where
these effects occur;

— Review experimental and field cases demonstrating changes in EOR performance
under varying thermobaric conditions;

— Provide an overview of numerical modeling approaches that consider thermal and
economic constraints;

— Study the impact of these thermoeconomic conditions on wettability alteration
and oil recovery performance.

It is especially important to emphasize that temperature and pressure must be care-
fully considered in the selection of EOR methods, as highlighted by several compre-
hensive studies [1,2]. In carbonate reservoirs [3], thermobaric conditions directly in-
fluence hydrocarbon phase behavior, fluid mobility, and rock wettability. These effects
become particularly pronounced in thermal and gas-based EOR applications, such as
CO, injection. Injecting CO, into carbonate formations at varying pressure levels has
shown a substantial impact on oil displacement efficiency. Shankar et al. [4] demon-
strated that increasing the pressure above the minimum miscibility pressure (MMP)
significantly enhances recovery. Surfactant—polymer flooding under high-temperature
and high-salinity conditions also reduces viscosity and interfacial tension, improving
oil mobilization [5]. Additionally, steam injection substantially alters rock—fluid inter-
actions due to in-situ steam generation and matrix heating [6]. Achieving thermal and
pressure equilibrium with the reservoir is key to enabling miscibility or creating a stable
displacement front.

Recent field studies, along with comprehensive reviews, emphasize the applicability
of thermal and gas injection techniques across different temperature regimes, especially
for heavy oil and tight reservoirs [7-9].
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Moreover, recent investigations have highlighted the combined effect of tempera-
ture, pressure, and ion composition on wettability alteration in carbonate rocks. Zaeri et
al. [10] explored the influence of initial water saturation and specific cation concentra-
tions on spontaneous imbibition under low salinity conditions, revealing that Mg+ and
Ca?t ions play a critical role. Similarly, Mahani et al. [11] demonstrated that elevated
temperatures intensify wettability alteration toward more water-wet conditions in car-
bonates.

The object of this study is the oil displacement process in petroleum reservoirs,
while the subject is the influence of temperature and pressure on specific EOR methods,
including thermal, gas, and chemical approaches.

Oil displacement in porous media is initiated by the injection of displacing fluids.
In this process, fluid viscosity, interfacial tension between oil and injected fluids, and the
interaction between fluids and rock pores play significant roles. Piston-like displacement
is considered the most ideal mechanism; however, in practice, displacement is often
characterized by fingering or dispersive flow, leaving behind residual oil. The efficiency
of oil displacement depends on a combination of fluid, rock, and reservoir character-
istics. These include the viscosity contrast between oil and the displacing agent, inter-
facial tension controlling residual oil saturation, rock wettability governing fluid flow
behavior, capillary forces that dominate in low-permeability formations, and geological
heterogeneity affecting displacement front stability.

Capillary forces play a vital role in trapping oil within the rock matrix, especially in
tight formations with small pore throats. As the pore radius decreases, capillary pressure
also decreases, making oil recovery more difficult [12].

In conclusion, high residual oil saturation significantly amplifies the effects of the
key parameters discussed, especially under extreme reservoir conditions. By increasing
temperature and pressure, it is possible to overcome capillary barriers; interfacial tension
decreases, and wettability shifts in favor of improved displacement. As analyzed in [13],
among all influencing factors, thermobaric techniques have proven particularly effective
in overcoming such barriers. Wettability is one of the few parameters that can directly
influence oil displacement efficiency. It is defined by the rock's tendency to preferen-
tially interact with one fluid over another. This property is critical, as it governs phase
distribution within the pore network, the movement paths of trapped oil and water, and
their relative mobility. In water-wet rocks, oil tends to occupy the center of the pores,
making it more mobile and easier to displace. In contrast, in oil-wet rocks, oil adheres to
the pore walls, becoming less responsive to displacement by water.

Temperature and pressure both influence wettability. These parameters affect con-
tact angles and interfacial interactions within the reservoir. Lower temperatures, espe-
cially in intercrystalline pores of carbonate rocks, tend to promote water-wet behavior,
leading to higher displacement efficiency. This effect is especially important in reser-
voirs with heavy oil or deep formations. Experimental results [14,15] indicate that the
contact angle on calcite and quartz surfaces varies with temperature but remains rela-
tively unaffected by pressure under most measured conditions. However, real reservoir
rocks possess complex microstructures, so accurate evaluation of displacement efficien-
cy must be based on actual core samples rather than smooth mineral crystals.
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As further discussed in [13], temperature impacts oil recovery through multiple

mechanisms. It reduces oil viscosity, lowers interfacial tension, and enhances water-wet
conditions — all of which contribute significantly to mobilizing heavy oils. These ef-
fects are commonly exploited through thermal EOR techniques, such as steam flooding,
low-temperature hot water injection, and in-situ combustion.

Pressure, on the other hand, controls the solubility of hydrocarbons in oil, which

itself depends on temperature Maintaining pressure above the saturation point helps pre-
vent gas exsolution, allowing for a more uniform fluid phase. High pressure also sup-
presses viscous resistance in small pore channels, which is beneficial for mobilizing oil
in tight, low-permeability reservoirs.

Thus, the effectiveness of enhanced oil recovery is directly linked to reservoir

pressure and temperature conditions. The selection and overall success of any recovery
process is fundamentally dependent on the temperature and pressure under which it is
applied.

Materials and methods
Laboratory Experiments. Oil displacement experiments using physical modeling

were conducted with core samples extracted from productive reservoir intervals. The ex-
perimental setup consisted of a high-pressure pump, a core holder equipped with a heat-
ing system, pressure sensors, and receiving containers. During the experiments, crude
oil along with displacing agents (water or CO,) was injected into the cores under varying
temperature and pressure conditions.

The key parameters recorded during the experiments included:

— oil recovery factor,

— changes in relative permeability,

— the effect of temperature on oil viscosity and rock wettability,

— phase behavior under different system pressures.

The displacement modeling setup featured a modular core holder, thermal control

elements, pressure regulation systems, and a fluid injection unit connected to a data
acquisition system. The displacing fluids were introduced into the core sample while
continuously monitoring pressure and temperature variations. The oil and displacing
agent were injected through the core under dynamic thermobaric conditions to simulate
realistic reservoir behavior.

All components—including the suspension frame, fluid flushing system, displace-

ment chamber, injection block, and pressure monitoring unit—were integrated into a
laboratory-scale porous media model. The design of the core flooding apparatus, adapted
from Zhao et al. [16], is illustrated in Figure 1.

To simulate reservoir conditions, a synthetic formation water was prepared. Its ionic

composition was designed to match that of actual formation water samples obtained
from four different oil fields. Table 1 presents the salinity and saturation pressure of the
synthetic formation water corresponding to each reservoir [17].

138
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Figure 1 - Core flooding apparatus designed for injection of various agents
(oil, surfactant, polymer, water) [Najafi-Marghmaleki M. et al.]

Table 1 - Salinity of synthetic formation water and saturation pressure for different reservoir types
[Najafi-Marghmaleki M. et al.].

Reservoir Water Salinity Saturation Pressure, P Saturation
(mg/L) (MPa) Pressure (psi)
A 180000 15,34 2225
B 180000 14,59 2116
C 186000 13,97 2026
D 190000 14,06 2039

As shown in the table, salinity values range from 180,000 to 190,000 mg/L, which is
characteristic of highly mineralized carbonate reservoirs. Saturation pressures vary from
13.97 to 15.34 MPa. These data were used to define phase parameters in the modeling
process.

Table 2 — Live oil density at various temperatures and pressures for different reservoirs

. | Temperature Pressure, P (psi)
Reservoir o

(°C 3000 3500 4000 4500

A 25 0.814046 0.81467 0.815705 0.817183
60 0.798515 0.799438 0.800777 0.802553
80 0.790388 0.790511 0.791325 0.792641
91 0.777414 0.778258 0.77995 0.781634

B 25 0.832227 0.834734 0.837192 0.839813
60 0.810505 0.812619 0.815001 0.817448
101 0.792327 0.794007 0.7962 0.79878
110 0.772093 0.774124 0.777073 0.779835

C 25 0.807199 0.809651 0.812184 0.814724
55 0.796865 0.799236 0.801355 0.803699
81 0.775739 0.778205 0.780832 0.783507
100 0.756241 0.758784 0.761476 0.764308

D 25 0.838905 0.841038 0.843406 0.845687
43 0.828571 0.830624 0.832577 0.834662
70 0.803868 0.805708 0.807719 0.810037

100 0.799728 0.801636 0.803743 0.806244
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The densities of formation oil and synthetic formation water were measured using a
high-pressure densitometer (DMA-HP) by Anton Paar, equipped with an automated data
processing unit (DMA-5000). The obtained values were later used for interfacial tension
measurements.7able 4 presents the results of the SARA analysis (saturates, aromatics,
resins, and asphaltenes) for crude oil samples obtained from Reservoirs A and D, based
on the data reported by Najafi-Marghmaleki (2016) [17].

Table 3 — SARA fractions (saturates, aromatics, resins, asphaltenes) measured in crude oil samples
from Reservoirs A and D, based on Najafi-Marghmaleki et al. (2016) [Najafi-Marghmaleki M. et al.].

Reservoir Paraffins, % Asphaltenes, Resins, % Aromatics, %
A 30,49 8,41 8,93 52,17
D 22,09 518 18,32 54,41

In addition, microfluidic experiments reported in [18] were reviewed. These studies
investigated oil displacement behavior under controlled temperature conditions (22—
120 °C) and pressures up to 10 bar, while also analyzing the crude oil composition.

The experiments employed lab-on-a-chip microfluidic cells to mimic porous media,
allowing for real-time visualization of displacement mechanisms. Tests were conducted in
both single-phase and two-phase flow modes, with measurements including oil recovery
factor, displacement front velocity, and visual monitoring of wettability changes.

1 :
1
0.8 0.8
u_0.6 06
~ w
o
0.4 0.4
0.2 02 i
0
22°C 60°C 60°C 80°C

0
100°C 120°C 22°C

a) 0)

Figure 2 - Qil displacement for Type A crude (a) and Type C crude (b) using HS-Na solution at 2 bar
and varying temperatures [Saadat M.et.al.]

Numerical Modeling and Sensitivity Analysis. A modeling methodology capable of
accounting for A methodology capable of accounting for both phase and thermal changes in
fluid media, as well as interactions between fluids and reservoir materials, was employed.
This included the selection of appropriate software, the configuration of thermobaric
parameters, and the execution of sensitivity analysis.

A suite of software packages was used for numerical modeling, each tailored to specific
enhanced oil recovery methods and corresponding reservoir conditions. The STARS module
from CMG was used to model thermally and chemically active processes, including steam
injection and ASP flooding, capturing thermodynamic phase changes and multicomponent
reactions. The methodology applied by the module is described comprehensively. The modeling
methodology employed by this module is described in detail.

For examining different gas injection technologies, including CO, flooding, the GEM
module from CMG was chosen for its ability to capture phase transitions, component
solubility, and minimum miscibility pressure (MMP).For integrated modeling that required
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geological and fluid coupling for project-scale analysis, ECLIPSE 100 and ECLIPSE
Thermal were employed to account for reservoir heterogeneity and thermobaric conditions.
High computational speed and advanced flexibility in configuring PVT models were
achieved using tNavigator.For complex modeling projects involving both geological and
dynamic components, we used a combination of Petrel RE (for geological modeling) and
INTERSECT (for dynamic simulation). The choice of software in each case depended on
the specific objectives—ranging from localized models to full-scale reservoir simulations
accounting for geometry and thermal conditions. An overview of simulation software and
their respective EOR applications is provided in Table 4.

Table 4 — Classification of simulation software commonly used in modeling various enhanced oil
recovery (EOR) processes, based on their functionality and application domains

EOR Method Simulation Software Application/Features
Steam injection, in-situ
Thermal EOR Sl (i), Aelos combustion, heat transfer
Thermal .
modeling
ASP flooding, polymer/
Chemical EOR STAR.S G surfactant injection, reactive
tNavigator
transport
Gas Iniection GEM (CMG), CO, injection, MMP prediction,
) tNavigator phase behavior, gas solubility
. " ECLIPSE 100, GEM, Black oil/PVT compositional
Conventional/Compositional . .
tNavigator modeling
Integrated Modeling Petrel RE + INTERSECT | " ull-field simulations, coupling
reservoir + geological models

Results and Discussion

Thus, temperature and pressure are factors that influence changes in oil displacement
efficiency in a porous medium. These physical phenomena affect not only the viscosity of
oil but also interfacial tension, rock surface wettability, fluid phase behavior, and capillary
forces — all of which influence the oil recovery factor.

A series of displacement experiments [ 18] confirmed that increasing temperature has
a positive effect on recovery efficiency. In contrast, when HS-NaCa solutions displace
oil at 22 °C, the gradual increase in the recovery factor reaches approximately 105%
relative to static saturation, as the mixed phase begins to flow. This is attributed to the
high viscosity of the oil present in the capillary channels, since gasoline is displaced from
them and migrates to other locations. The results of an experiment in which oil type A,
aged for 2 hours, was displaced by HS-NaCa solution followed by low-salinity water
injection at room temperature and 2 bar pressure are presented in Figure 3. The graph in
part (left) shows the pressure dynamics and oil recovery factor, while part (right) displays
the frame-by-frame displacement pattern during the experiment [18].

Similarly, the displacement behavior of oil type C under high-temperature condi-
tions is illustrated in Figure 4, which presents the pressure dynamics and oil recovery
factor (left), and the frame-by-frame displacement pattern (right) for oil type C aged for
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Figure 3 — Pressure dynamics and oil recovery factor (left), and frame-by-frame displacement pattern
(right) for oil type A aged for 2 hours and displaced by HS-NaCa solution followed by low-salinity
water injection at room temperature and 2 bar pressure [Saadat M.et.al.]

2 hours and displaced sequentially by HS-NaCa and LS-NaCa AOT solutions at a tem-
perature of 80 °C and a pressure of 2 bar, as presented in [18].

Confirming the results reported in [17], it was found that increasing the temperature
from 25 °C to 110 °C in microcapillaries, where the contact angle changes from 69.2°
to 90°, significantly alters the wettability behavior—from water-wet to partially wetting.
Meanwhile, in the pressure range of of 20.7-31 MPa, pressure had no significant effect
on the surface contact angles in either gas or aqueous environments. Temperature affects
both microscopic (viscosity, interfacial tension, contact angle) and macroscopic char-
acteristics of displacement. This is especially evident in crude oils with high levels of
acidic components (TAN): even at temperatures up to 120 °C, the oil recovery factor in-
creased by at least 30%. For low-TAN oils, the temperature effect was less pronounced.
This is also related to the surface activity of molecules and the stability of the wettability
regime. Pressure primarily influences gas, solvent, and vapor displacement mechanisms.
In gas- and solvent-based EOR processes, pressure plays a key role in achieving optimal
miscibility conditions. Once the minimum miscibility pressure (MMP) is exceeded, CO,
dissolves in the oil, reducing its viscosity and forming a homogeneous phase. Further-
more, several field projects reviewed in [13] confirmed this effect, although it is mainly
discussed in the context of laboratory modeling.
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Figure 4 — Pressure dynamics and oil recovery factor (left), and frame-by-frame displacement pattern
(right) for oil type C aged for 2 hours and displaced sequentially by HS-NaCa and LS-NaCa AOT
solutions at a temperature of 80 °C and a pressure of 2 bar, as presented in [Saadat M. et.al]
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The effect of pressure on displacement efficiency was not significant at 2 bar in
microfluidic experiments, emphasizing that even under these conditions, temperature
remains the dominant driving factor. Upon analysis, it becomes clear that oil displace-
ment efficiency depends on both temperature and pressure, with temperature playing the
leading role at the microscopic and mesoscopic levels.

This implies that existing EOR methods should be adapted to specific geological
and thermobaric conditions in order to achieve the desired outcomes. Therefore, main-
taining optimal temperature and pressure enables activation of wettability alteration
mechanisms and promotes the subtle formation of single and complex fluid phases, min-
imizing residual saturation.

Conclusions

Oil-bearing reservoir conditions with medium oiliness are influenced by tempera-
ture and pressure as key factors affecting displacement efficiency. These two combined
effects not only impact the primary molecular components—comprising approximately
1.3% of light fuel oil by mass—but also alter the displacement front and its thickness.

As temperature increases, the effective viscosity of oil decreases, interfacial tension
is reduced accordingly, and the system transitions to a more water-wet state. At the same
time, oil mobility improves, residual oil saturation is reduced, and mechanisms of ther-
mal or chemical displacement can be activated. For heavy and highly viscous crude oils,
temperature plays a critical role in achieving an acceptable recovery factor, especially in
mature fields where drilling operations may extend over several days.

On the other hand, pressure influences the behavior of light oil, affects gas solubility
in heavy crude, and creates favorable conditions for synthesis in EOR (Enhanced Oil
Recovery) methods. Maintaining reservoir pressure can prevent gas exsolution, inhibit
degassing, and help retain mobile phases in a quasi-stationary state (i.e., less mobile than
gas phases). Such systems also enhance displacement efficiency. This pressure function
is particularly important in processes involving CO, or enriched gases.

Unlike previous studies, this work combines, for the first time, the results of micro-
fluidic and core-scale experiments with numerical thermobaric modeling. This provides
a deeper understanding of how temperature and pressure affect displacement efficiency
in reservoir rocks, both at the scale of 2-3 ¢cm models and in terms of features character-
istic of modern “sweet spots.”

Our results show that the optimal combination of temperature and pressure param-
eters yields a maximum effect—triggering phase mixing mechanisms, improving flow
conditions, and achieving high rates of residual oil recovery. These findings underscore
the importance of designing technologies tailored to specific geothermobaric character-
istics of reservoirs to achieve maximal reduction of residual oil in place.

Thus, the proposed method serves as a scientific and practical basis for develop-
ing modern oil recovery enhancement technologies—particularly for VisldomiaShan
Ma coal-derived crude oil (classified as Mineral Oil Group III)—and is consistent with
fundamental mathematical principles as noted in [12]. Its application ensures increased
recovery and sustainable development of geological reserves, while avoiding technolog-
ical risks that may arise at any stage of the project. @
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