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B it Investigation of natural surfactants in interaction with divalent ions and their effects on the environment

B e Comprehensive Investigation of Bubbly Flow Regime Behavior for Optimization of Equipment and Pipeline Design
FV e Comparison of the catalytic activity of a zirconiumbased metalorganic framework in hydrogen production
Y et Benchmarking the potential of SuperResolution Convolutional Neural Networks
BY e A comprehensive investigation of bubble flow regime behavior for equipment optimization and pipeline design
P e Numerical simulations and experimental study of saturated/superheated steam injection into unsaturated zone of soil
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Injection and storage of carbon dioxide gas in depleted oil and gas reservoirs in
order to increase oil extraction and preserve the environment

Mohammad Amin Behnam Motlagh', Amir Hossein Saeedi Dehaghani'!, Hadi Tanhaei!

Corresponding Author:
asaeedi(@modares.ac.ir

Abstract

Lately, the increasing discharge of greenhouse gases from burning fossil fuels has brought irreversible
environmental damage, and global warming has been triggered by this environmental problem. The
greenhouse gases, particularly carbon dioxide, have become the primary reason for global warming.
Consequently, carbon dioxide has become an environmental pollutant of a grave nature and deserves
careful analysis, as it has such an important role in the climate change processes. As a result, researchers
have come up with a number of potential strategies, one of which is injecting carbon dioxide into depleted
oil and gas reservoirs. Research projects have identified that the rock cap used for containing oil and gas
in past events can be reused to restrain the newly introduced carbon dioxide and would stop upward
migration. Depleted oil and gas reservoirs offer superior geologic storage opportunities compared to deep
saline reservoirs. A key component to the potential storage capacity of the reservoirs is to understand the
ideal pressure to inject carbon dioxide, a matter pertinent to reservoir engineers. In fact, the injection and
storage of carbon dioxide in depleted oil and gas reservoirs not only contributes to reducing greenhouse
gases but can also potentially benefit in enhancing oil recovery from depleted reservoirs, ultimately
achieving a profitable economic level for the oilproducing country.

Keywords: greenhouse gases, carbon dioxide, depleted reservoirs, storage, enhancing oil recovery
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Investigation of natural surfactants in interaction with divalent ions and their effects on
the environment

Mohammad Reza Saniee', Amir Hossein Saeedi Dehaghani'

Corresponding Author:
asaeedi@modares.ac.ir

Abstract

Although the realm of water and gas injection within enhanced oil recovery has garnered considerable
attention in the contemporary era, some engineers believe that alternative and costeffective methods
could play a more pivotal role in this field. Utilization of substances like surfactants and polymers is seen
as an innovative technique that has made a substantial impact on the oil sector; however, the largescale
production of such materials proves to be financially burdensome. Furthermore, the manufacture of these
substances results in hazardous wastes, posing risks to both human health and the environment,
ultimately leading to extensive and irreversible pollution. The adoption of natural surfactants emerges as
a viable solution with relatively high efficacy. These plantderived surfactants, extracted from indigenous
plant leaves, are costeffective, biodegradable, and pose no threat to human health or the environment.
The incorporation of these natural surfactants in oilrelated experiments has yielded satisfactory
outcomes, showcasing their effectiveness in reducing the interfacial tension between water and oil,
modifying crude oil viscosity, enhancing the extraction rate of asphaltene, and isolating heavy
components of crude oil.

Keywords: natural surfactants , asphaltene , the interfacial tension , biodegradable
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Comprehensive Investigation of Bubbly Flow Regime Behavior for Optimization of
Equipment and Pipeline Design
Hadi Tanhaei', Amir Hossein Saeedi Dehaghani', Mohammad Amin Behnam Motlagh!

Corresponding Author:
asaeedi(@modares.ac.ir

Abstract

Bubbly flow is one of the types of gasliquid twophase flow regimes, in which the gas phase is dispersed
in the liquid phase in the form of small bubbles. This type of flow is usually observed at low gas velocities
and high liquid velocities, and it can play an important role in the oil and gas industry. In bubbly flow,
the gas bubbles tend to accumulate in the upper part of the pipe due to their lower density compared to
the liquid. This nonuniform distribution of the gas phase in the liquid can affect the flow parameters such
as pressure drop and mass transfer. Accurate knowledge of the bubbly flow regime and the factors
affecting it, such as the gastoliquid volume ratio, fluid velocities, and their physical properties, is crucial
for the design and optimal operation of industrial equipment like bubble reactors and heat exchangers
that utilize this type of flow. Experimental studies and numerical modeling in this field have led to
significant progress in understanding and predicting the behavior of bubbly flow. These advancements
can contribute to the improvement of the design and efficiency of these industrial equipment. This
research aims to provide a comprehensive understanding of the factors influencing the regime transition
of bubbly flow, exploring its various applications across different fields, and proposing detection
methods. By doing so, a novel perspective for designing, operating, and optimizing the safety and
efficiency of pipeline systems will be fulfilled.

Keywords: Bubbly flow, twophase flow, predicting the behavior of flow, efficiency
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Comparison of the catalytic activity of a zirconiumbased metalorganic
framework and its defective structure in hydrogen production

Farzaneh Rouhani, Maryam Zeirani Gashti

Corresponding Author:
rouhani_farzaneh@yahoo.com

Abstract

In this research, a zirconiumbased metalorganic framework (MOF801) and its postsynthetically produced
modified structure (Quasi801) were used to access unsaturated metal centers as active catalytic sites for
hydrogen gas production using sodium borohydride (NaBH4). For this purpose, the zirconiumbased
metalorganic framework was first synthesized in dimethylformamide (DMF) solvent. Then, through
controlled thermal treatment, the structure was modified, and the related quasi metalorganic framework
with unsaturated metal sites was created. The presence of these metal sites as Lewis acids in the catalytic
reaction of hydrogen production from the hydrolysis of sodium borohydride proved to be effective and
increased the catalytic efficiency. Additionally, the effects of temperature change on the catalytic activity
of the metalorganic framework (and its modified structure) and the amount of hydrogen produced were
investigated. An increase in reaction temperature activates some of the metal sites that are inactive at
lower temperatures. Consequently, thermal modification added to the number of available sites for
hydrogen production, twofold increasing the process yield. According to the results, the thermal
modification process effectively impacts the catalytic performance of the structure and improves the
catalytic behavior of the structure. Therefore, the development of quasi metalorganic frameworks can be
an attractive method for developing hydrogen production catalysts as a clean fuel.

Keywords: Metalorganic framework, catalytic activity, postsynthetic modification, hydrogen production
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Benchmarking the potential of SuperResolution Convolutional Neural Networks in
Improving the Resolution of Digital Rock Images
Pouya Sadeghi!, Abolfazl Moslemipour'?, Saeid Sadeghnejad'?, Frieder Enzmann?, Michael Kersten?

Corresponding Author:
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Abstract

The ultimate objective of digital rock physics is to accurately predict rock properties. However, the
resolution of rock images obtained from imaging techniques often involves a tradeoff between image
resolution and field of view (FoV). The presence of heterogeneous rocks presents a significant challenge
in accurate modeling due to the need to capture information at various scales. Various multiscale
modeling approaches have been employed to address this issue. In response, alternative methods have
been explored to reconstruct rock images using advanced artificial intelligence algorithms, such as
artificial neural networks. These stateoftheart methods offer improved connectivity features in final
images, reduced computational costs, and the ability to incorporate largescale heterogeneities into
reconstructed structures.

In this study, an SRCNN architecture underwent two significant modifications (referred to as transient
architectures) to transform into an FSRCNN architecture. Firstly, an additional deconvolution layer was
integrated into the last layer of the network, enabling direct mapping between input and output images
and eliminating the need for preprocessing on LowResolution (LR) images. Secondly, a mapping layer
was formulated to compress and expand input features to enhance the mapping process. Lastly,
smallersized filters with additional mapping layers were employed. The results demonstrate that the
FSRCNN surpasses the SRCNN and all transient architectures in terms of speed and resolution
enhancement, achieving a significant improvement of over 20 times. Additionally, the petrophysical
properties of superresolved images generated by FSRCNN, SRCNN, and the modified architectures, as
well as the HR images, were calculated. The porosity and permeability of the digital twins reconstructed
by the FSRCNN exhibit similar values to HR images, underscoring the superiority of the FSRCNN
approach in accurately capturing the intricate details of digital rocks and enhancing the reliability of
subsequent petrophysical analysis.

Keywords: Digital Rock Physics; Super Resolution; Convolutional Neural Network; Petrophysical Analysis; Accuracy, Speed
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A comprehensive investigation of bubble flow regime behavior for equipment optimization
and pipeline design
Hadi Tanhaei', Amir Hossein Saeedi Dehaghani!, Mohammad Amin Behnam Motlagh!

Corresponding Author:
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Abstract

Bubbly flow is one of the types of gasliquid twophase flow regimes, in which the gas phase is dispersed
in the liquid phase in the form of small bubbles. This type of flow is usually observed at low gas velocities
and high liquid velocities, and it can play an important role in the oil and gas industry. In bubbly flow,
the gas bubbles tend to accumulate in the upper part of the pipe due to their lower density compared to
the liquid. This nonuniform distribution of the gas phase in the liquid can affect the flow parameters such
as pressure drop and mass transfer. Accurate knowledge of the bubbly flow regime and the factors
affecting it, such as the gastoliquid volume ratio, fluid velocities, and their physical properties, is crucial
for the design and optimal operation of industrial equipment like bubble reactors and heat exchangers
that utilize this type of flow. Experimental studies and numerical modeling in this field have led to
significant progress in understanding and predicting the behavior of bubbly flow. These advancements
can contribute to the improvement of the design and efficiency of these industrial equipment. This
research aims to provide a comprehensive understanding of the factors influencing the regime transition
of bubbly flow, exploring its various applications across different fields, and proposing detection
methods. By doing so, a novel perspective for designing, operating, and optimizing the safety and
efficiency of pipeline systems will be fulfilled.

Keywords: Bubbly flow, dispersed, pressure drop, mass transfer, efficiency
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Numerical simulations and experimental study of saturated/superheated steam injection
into unsaturated zone of soil
Taraneh Janfada , Norollah Kasiri , Holger Class

Corresponding Author:
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Abstract

In this research, two and threedimensional simulation of saturated and supersaturated steam injection
process in the unsaturated zone of soil is carried out using some simplified assumptions via DuMux
Simulator. The simulator is developed in the Department of Hydromechanics and Modeling of
Hydrosystems (LH2), Institute for Modeling Hydraulic and Environmental Systems (IWS), Stuttgart
University, for Multi{Phase, Component, Scale, Physics, ...} flow and transport in porous media. The
main objective of the study is observation and comparing the progress of the saturated temperature front
and the supersaturated temperature front during the process of injecting saturated and supersaturated
steam in the unsaturated zone of the soil. Moreover, some experiments are performed for supersaturated
and saturated steam injection in the unsaturated zone of soil using the available sand box of Research
Facility for Subsurface Remediation, VEGAS, Stuttgart University. Particular purpose of this part of
study is evaluation of the heatup efficiencies of supersaturated steam as opposed to saturated steam.
Based on the experimental conditions, values of the local heatup efficiency are calculated over time
concerning the heatup of defined points in the sandbox. The acquired values are 14.3% and 6.3% for
mass based calculated local heatup efficiency and energy based calculated local heatup efficiency,
respectively.
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