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Estimates of the Modular Underwater SNPP Option
RALEK N NEZERASENLE
By Vladimir V. Romanov; Yury V. Lunchev; Mikhail M. Kaverznev; Vladislav V.
Romanov

Nuclear Power Plant Departament, National Research University “MPEI”, Moscow, Russian

Abstract

One of the most promising and growing areas in nuclear energy today is low-power
nuclear power plants (LPNPs), what is caused by the inherent features of this area.
But technical solutions used in the state of the art NPP designs do not allow to create
a single ready-to-use fabricated module in transport dimensions, so it requires
separate delivery of the reactor, turbine and other equipment and causes a significant
amount of construction and installation work on site. This approach, due to
«economies of scale», does not allow to create a cheap source of energy. The purpose
of this work is to carry out calculations of an alternative NPP design based on the
socalled «nuclear battery» approach or «Vinogradov scheme» —a single module that
contain main equipment of the nuclear power plant (reactor, turbine, generator, heat
regeneration system and condenser). There was considered a fast reactor with 125
MW thermal power with a lead coolant, parameters of the primary circuit are similar
to BREST reactor (inlet/outlet coolant temperature —420/540°C) and supercritical
Brayton cycle on carbon dioxide (initial/final pressure 20.0/8.0 MPa, initial/final
temperature of the cycle 520/390 ° C) with single-stage regeneration. Received results
confirm the possibility of creating a single-module SMR with the following
parameters: electrical power —32 MW, efficiency —25.6%, housing length of the
module —18.7 m, housing diameter 4.3 m, weight —900-950 tons, fuel lifetime —1080
days.

Keywords: Nuclear power plant, NPP, small nuclear power plant, SNPP, small

modular reactor, SMR, Brayton cycle, supercritical cycle, carbon dioxide, CO»
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Experimental Investigation of Liquid, Supercritical CO2, CH4, and
CO2/CH4 Mixture to Improve Oil Recovery
RAS ~ #BERSR CO, ~ CH4 A CO,/CH o BB MRS RARERE R
By Khaled Enab; Thomas Elizondo; Youssef Elmasry; Leonel Flores; Alfred Addo-
Mensah
Department of Biology & Chemistry Program, Texas A&M International University, Laredo,
Texas, USA

Abstract

This study investigates the efficiency of injecting CO2 and CHj4 in improving oil
production from black oil reservoirs. While prior research highlights the effectiveness
of these gases in enhancing oil recovery factors, comparing their performance in bulk
interaction to their performance in the porous medium is scarce. Furthermore, the
impact of the physical state of the injected CO>—Iliquid, gas, or supercritical— on oil
extraction mechanisms still needs to be explored. Hence, our study aims to bridge this
gap through a comprehensive experimental analysis of gas-oil interactions in the bulk
phase and within porous media. The bulk gas-oil interactions were investigated using
a visual Pressure Volume Temperature (PVT) cell.

In contrast, the gas-oil interaction within the porous media was investigated using a
coreflooding experimental approach. The proposed investigation is designed to
evaluate the influence of the permeability on the gas-oil interactions and the effect of
the physical state of the injected fluid —liquid, gas, or supercritical — on the gas
miscibility in oil. Since viscosity reduction and oil swelling are the primary
mechanisms for miscible gas Enhanced Oil Recovery (EOR), this study focuses on
the efficiency of different injected gases and the physical state of CO2 on the swelling
factor, saturation pressure alternation, and viscosity reduction. The swelling factor
and saturation pressure curves were measured when different molecular percentages
of gas above the minimum miscible pressure were mixed with oil. The viscosity
reduction effect was calculated by comparing the viscosity of the oil produced from
the coreflooding experiment to the viscosity of the original oil. The oil minimum
miscible pressure (MMP) of each considered gas in the oil sample was determined
based on the oil composition determined by Gas Chromatography (GC) analysis.

The results showed that the CO2/CH4 mixture outperformed CO; liquid, supercritical,
and CHy in coreflooding experiments. Additionally, the coreflooding experiments

proved liquid CO» (Cold) performed better in improving oil recovery than



supercritical CO2. However, the bulk PVT analysis revealed a higher swelling factor
for supercritical than liquid CO2, which suggests supercritical CO2 outperforms other
gases, including cold CO». In contrast, the viscosity of the produced oil when
supercritical CO2 was injected was lower than that of all other gases. The observed
variation in CO; performance indicates the significant role of CO; physical state of
CO:2 in the oil extraction mechanism. The conclusion of this study provides a better
understanding of the performance of different gas injection strategies in conventional
reservoirs, which brings insights into optimizing gas injection into depleted oil

reservoirs that contain dead oil.

Keywords: fluid dynamics, gas injection method, geochemistry, geologist, pvt

measurement, geological subdiscipline, equation of state, co 2, climate change, ch 4
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Integrated Aerodynamic and Mechanical Design of a Large-Scale Axial Turbine
Operating With A Supercritical Carbon Dioxide Mixture
ERBER SRS METHARSRIUBREAR BN M E SR
By Abdelrahman Abdeldayem, Andrea Paggini, Tommaso Diurno, Claudio
Orazi, Martin White, Marco Ruggiero, Abdulnaser Sayma
Energy, Sustainability and Net-zero Research Centre, School of Science and Technology,
City, University of London, London EC1V OHB, UK

Abstract

In this paper, the design of a large-scale axial turbine operating with supercritical
carbon dioxide (sCO2) blended with sulfur dioxide (SO2) is presented considering
aerodynamic and mechanical design aspects as well as the integration of the whole
turbine assembly. The turbine shaft power is 130 MW, designed for a 100 MWe
concentrated-solar power plant with turbine inlet conditions of 239.1 bar and 700 °C,
total-to-static pressure ratio of 2.94, and mass-flow rate of 822 kg/s. The aerodynamic
flow path, obtained in a previous study, is first summarized before the aerodynamic
performance of the turbine is evaluated using both steady-state and unsteady three-
dimensional numerical models. Whole-annulus unsteady simulations are performed
for the last turbine stage and the exhaust section to assess the unsteady loads on the
rotor due to downstream pressure field distortion and to assess the aerodynamic losses
within the diffuser and exhaust section. The potential low engine order excitation at
the last rotor stage natural frequency modes due to downstream pressure distortion is
assessed. The design of the turbine assembly is constrained by current manufacturing
capabilities and the properties of the proposed working fluid. High-level flow-path
design parameters, such as pitch diameter and number of stages, are established
considering a trade-off between weight and footprint, turbine efficiency, and
rotordynamics. Rotordynamic stability is assessed considering the high fluid density
and related cross coupling effects. Finally, shaft end sizing, cooling system design,

and the integration of dry gas seals are discussed.

Keywords: axial turbine, sCO2 mixtures, exhaust section, rotordynamics, thermal

analysis, aeromechanical integration
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Loss Analysis in Radial Inflow Turbines for Supercritical CO2 Mixtures
HBERSR CORaYREmMRBmENIER DT
By Omar Aqel, Martin White, Abdulnaser Sayma
Energy, Sustainability and Net-Zero Research Centre, School of Science and
Technology,City, University of London, London EC1V 0HB, UK

Abstract

Recent studies suggest that CO, mixtures can reduce the costs of concentrated solar
power plants. Radial inflow turbines (RIT) are considered suitable for small to
medium-sized CO> power plants (100 kW to 10 MW) due to aerodynamic and cost
factors. This paper quantifies the impact of CO; doping on RIT design by comparing
1D mean-line designs and aerodynamic losses of pure CO; RITs with three

CO» mixtures: titanium tetrachloride (TiCls), sulfur dioxide (SO2), and
hexafluorobenzene (CsFs). Results show that turbine designs share similar rotor
shapes and velocity diagrams for all working fluids. However, factors like clearance-
to-blade height ratio, turbine pressure ratio, and fluid viscosity cause differences in
turbine efficiency. When normalized for these factors, differences in total-to-static
efficiency become less than 0.1%. However, imposing rotational speed limits reveals
greater differences in turbine designs and efficiencies. The imposition of rotational
speed limits reduces total-to-static efficiency across all fluids, with a maximum 15%
reduction in 0.1 MW CO> compared to a 3% reduction in CO2/TiCls turbines of the
same power. Among the studied mixtures, CO2/TiCls turbines achieve the highest
efficiency, followed by CO,/CsFs and CO2/SO». For example, 100 kW turbines
achieve total-to-static efficiencies of 80.0%, 77.4%, 78.1%, and 75.5% for CO2/TiCl4,
CO2/CgFs, CO2/SO,, and pure CO», respectively. In 10 MW turbines, efficiencies are
87.8%, 87.3%, 87.5%, and 87.2% in the same order.

Keywords: radial inflow turbine, CO2 mixtures, transcritical CO2 cycles, turbine

aerodynamic design, loss analysis
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Performance Prediction and Heating Parameter Optimization of Organic-Rich
Shale In Situ Conversion Based on Numerical Simulation and Artificial

Intelligence Algorithms
ERHEERNATIEZER INEARER A RUB(CMERAENMASEEL
By Yagqian Liu, Chuanjin Yao*, Baishuo Liu, Yangyang Xuan, and Xinge Du
National Key Laboratory of Deep Oil and Gas, China University of Petroleum (East China),
Qingdao, Shandong 266580, China

Abstract

In situ conversion technology is a green and effective way to realize the development
of organic-rich shale. Supercritical CO2 can be used as a good heating medium for
shale in situ conversion. Numerical simulation is an important means to explore the
shale in situ conversion process, but it requires a lot of time and computational cost
for in situ conversion simulation under different working conditions. Therefore, a
computational framework for rapid prediction of shale in situ conversion development
performance and heating parameter optimization is proposed by coupling artificial
neural network (ANN) and particle swarm optimization (PSO). The results indicated
that kerogen pyrolysis and hydrocarbon product release mainly occurred within 2
years of shale in situ conversion. The production curves of pyrolysis hydrocarbon
obviously slowed after in situ conversion for 2 years. The database was constructed
by a large number of in situ conversion simulations, and Pearson correlation analysis
and the random forest method were adopted to obtain seven main controlling factors
affecting reservoir temperature and hydrocarbon production. The determination
coefficient of the obtained ANN-based prediction models is higher than 97%, and the
mean square error (MSE) is lower than 0.3%. The basic reservoir case can choose to
inject 350450 °C supercritical CO2 (Sc-CO2) fluid with a rate of 600 m3/day to
obtain a more promising development effect. The heating parameter optimization for
three typical reservoir cases using PSO was performed, and reasonable injection
temperature and injection rate were obtained. It realized accurate development
prediction and rapid heating parameter optimization, which helps the effective

application of shale in situ conversion development design.
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Supercritical CO2 extraction of lavender flower with antioxidant activity:
Laboratory to a large scale optimization process
MBERAR _SENERETCRAEEER D : KEREIEEE(LBE
By E. Cruz-Sanchez, J.M. Garcia-Vargas, L. Gracia, J.F. Rodriguez, M.T. Garcia
Department of Chemical Engineering, University of Castilla-La Mancha, Facultad de Ciencias

y Tecnologias Quimicas, Avda. Camilo Jos¢ Cela 12, Ciudad Real 13071, Spain

Abstract

Background

The volatile compounds that comprise lavender essential oils, including linalool and
linalyl acetate, have demonstrative therapeutic properties. The supercritical

CO; extraction (scCO2) has demonstrated efficiency and selectivity for the extraction
of essential oils from vegetable matrices.

Methods

The solubility of lavender essential oil in scCO> was determined using a high-pressure
variable-volume and modeled by semiempirical models. Supercritical extraction was
carried out at a pressure of 180, 250 and 300 bar and a temperature of 40—60 °C, with
and without cosolvents. kinetic curve has been modeled by broken and intact cells
model developed by Sovova. The composition of the extracts was evaluated through
GC-MS and their antioxidant activity by the DPPH method.

Findings

The highest values of oil solubility and extraction yield were obtained at 250 bar and
60 °C. Furthermore, the extraction yield increases significantly with the addition of
ethanol as a co-solvent (0.2 % v/v). A complete set of equilibrium data and kinetic
parameters has been reported on a large scale for the first time. The dominant
components identified in the extract were linalool and linalyl acetate, and the extracts
showed very satisfactory results for antioxidant capacity. Compared with traditional
methods like Soxhlet extraction, the supercritical extracts were determined to be more

interesting for the formulation of nutraceutical products or biomedical applications.

Keywords: Lavender essential oil, Supercritical CO», Solubility, Antioxidant, Large

scale extraction
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