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An Experimental Investigation of Supercritical Methane Injection

Characteristics in a CO2 Environment
CO,IRIE MEARBRRPREEERIE
By Ritesh Ghorpade, Gihun Kim, K. R. V. Manikantachari (Raghu), Joshua
Weiner, Daniel T. Banuti, Subith Vasu
Center for Advanced Turbomachinery and Energy Research (CATER), University of Central
Florida, Orlando, FL 32816

Abstract

Clean energy generation is gaining significant attention from industries, academia,
and governments across the globe. The Allam cycle is one such technology that has
been under focus due to its efficiency, environmental friendliness, and economics.
This is a direct-fired cycle operating at supercritical conditions using carbon dioxide
as a working fluid. Fuel or oxidizer jet mixing with COx is a vital phenomenon that
governs combustion efficiency, and it is not well understood for the Allam cycle
conditions. This paper experimentally investigated the jet characteristics of a methane
jet injected into a subcritical to supercritical carbon dioxide environment. A wide
range of injection pressures and temperatures were targeted between subcritical to
supercritical conditions. Unlike previous studies, the current work focused on
injecting lower-density (methane) jets into higher-density (carbon dioxide)
environments. Schlieren imaging and methane absorption measurements were
simultaneously performed with a CMOS high-speed camera and a 3.39 um infrared
laser. Specifically, we looked at the classical injection parameter of jet spreading
angle, which was classically established to be mainly a density ratio function. Here,
the jet cone angle was obtained from the postprocessed schlieren imaging. The jet
cone angle is a critical characteristic parameter that describes the entrainment rate in a
jet; thus, it is a crucial parameter in understanding the nature of the jet. The laser
measurements were only used as an additional check to confirm the entry time of
methane into the chamber filled with carbon dioxide. Notably, this paper makes a
detailed comparison between the jet cone angles of jets with a density ratio. The result
showed that the classical correlations, such as Abramovich's theory applied to
submerged turbulent gas jets developed for low-density ratio jets, were unsuitable for
higher-density ratio jets. It was also observed that the divergence angles were
dependent not only on density ratio but also on other parameters such as pressure

ratios and reduced pressures.

Keywords: jet spreading, supercritical CO2, methane injection, subcritical region

BERIFGE - https://doi.org/10.1115/1.4055632




Assessing CO; geological storage in Arbuckle Group in northeast
Oklahoma
A ERSEHET BN IEER Arbuckle Group B CO» ItEHTF
By Benmadi Milad * ®, Rouzbeh G. Moghanloo *, Nicholas W. Hayman "
*Mewbourne School of Petroleum and Geological Engineering, Mewbourne College of Earth
and Energy, The University of Oklahoma, United States
® Oklahoma Geological Survey, Mewbourne College of Earth and Energy, The University of
Oklahoma, United States

Abstract

This paper examines a rigorous site characterization and analysis of geological
storage capacity of CO2 in Arbuckle Group in the north part of Oklahoma to
accelerate Carbon Capture and Storage (CCS) and Utilization (CCUS) technology
deployment. Data obtained from the core, logs, and historic wastewater injection and
production data were used to build and validate a geological model. Subsurface
structure, depth required to attain supercritical CO2, rock properties and required
caprock criteria were applied to Arbuckle geological model to identify suitable region
for geological storage of CO». The model estimates that the western Osage County
has a storage capacity of > 50 million metric tons of CO2. More specifically, two
sweet spots with a higher potential for CO> storage were identified. The presence of
several anthropogenic CO; sources in the vicinity of site, existing pipelines, and
compression infrastructure are the significant elements of a techno-economic analysis
of the prospect storage project(s). This study demonstrates that the carbonate
Arbuckle Group could be a strategic geological unit for CO» sequestration, thus

contributing toward emissions reduction from nearby industrial complex.

BRI © https://doi.org/10.1016/j.fuel.2023.129323



Assessment of Part-Load Operation Strategies of Supercritical Power Cycles
Using Carbon Dioxide Mixtures in CSP Plants, Including Air-Cooled Condenser
Optimisation
Al CSP BEMTEA_SbiRE S YRVEBERFRE BRI Z B D B FETRE -
BRERES S RSB
By Pablo Rodriguez-de Arriba, Francesco Crespi, David Sanchez Martinez, Lourdes
Garcia Rodriguez

University of Seville, Seville, Spain

Abstract

This manuscript, developed in the framework of SCARABEUS project, presents an
assessment of the part-load performance of a transcritical Recompression cycle
running on a 80%C02-20%S0; mixture under different load-control schemes.

The first part of the paper describes the computational platform of the integrated
system, implemented in Thermoflex but with profuse use of in-house scripts, in order
to accurately describe the off-design performance of key components when operating
on CO> mixtures with non-ideal gas behaviour. These off-design models make use of
performance maps for turbomachinery — provided by the SCARABEUS partners —
whereas the Conductance Ratio Method employed to model the counter-current heat
exchangers is calibrated with in-house tools. The paper is specifically focused on the
Heat Rejection Unit, for which a specific design tool accounting for accurate heat
transfer between working fluid and cooling medium (air) and for auxiliary power
consumption — both in off-design — has been developed by the authors.

In the second part of the paper, different operating strategies of the power cycle are
considered, based on keeping one of the following three parameters constant: turbine
inlet temperature, turbine outlet temperature or return temperature of molten salts.
Globally, plant operation is constrained by the need to keep the temperature of cold
HTF returning to the storage system as close as possible to its rated (design) value and
by the need to keep turbine outlet temperature below 450°C to avoid the installation
of an external cooling system in the low pressure section of this equipment.
Therefore, the trade-off between these two parameters and system net efficiency are
assessed in the paper. Regarding the Air-Cooled Condenser, the optimal operation
strategy of this component found to be based on a combination of Single-speed and

Variable Frequency Driver fans.



The results show that the operation at constant turbine inlet temperature leads to the
highest net efficiency of the power block, closely followed by the control scheme
based on constant return temperature of the heat transfer fluid. Nevertheless, this latter
option enables a perfect control on the other two figures of merit. As a consequence,
the identification of the best operation strategy must be addressed in future works by
means of a thorough techno-economic assessment considering the annual yield of the

plant.

ERIFE : https://doi.oreg/10.1115/GT2023-103665




CFD prediction of heat transfer at supercritical pressure with rough walls:

Parametric analyses and comparison with experimental data
tHEEHBERSREENEE 2 CFD TR : 2T KA EBREUIBRILLER
By S. Kassem, A. Pucciarelli, W. Ambrosini
Universita di Pisa, Dipartimento di Ingegneria Civile e Industriale, Largo Lucio
Lazzarino 2, 56122 Pisa, Italy

Abstract

In this paper, a low-Reynolds number turbulence model developed by the authors in
past activities for rough walls is used for predicting heat transfer at supercritical
pressure in the presence of different degrees of surface finishing. The model, able to
reproduce the typical trends of friction factors from classical data reported by
Nikuradse and summarised in the Moody diagram, is based on a simple-minded
description of the effect of wall protrusions through the boundary layer on turbulence
production.

Though prior validation of the model only on the basis of friction factor data did not
assure any basis for achieving accuracy in heat transfer prediction, a sensitivity
analysis is firstly presented in order to characterise the obtained predictions at variable
values of the roughness parameter, in particular concerning the possible suppression
of deteriorated heat transfer by roughened surfaces. These analyses are extended to
different fluids, making use of a fluid-to-fluid similarity theory recently proposed by
the authors in order to establish similar boundary conditions and predicted
phenomena.

The results obtained by these analyses can be considered interesting, especially in
view of the design of supercritical water-cooled nuclear reactors; however, an
assessment against experimental data was obviously necessary. Experimental carbon
dioxide data published in a very recent archival paper were thus addressed and were
found useful in this regard. Considering these data allowed to extend the above
analysis to provide confirmation of the promising features of the model in comparison
with wall temperature values obtained with different boundary conditions. The model
here described appears promising not only for its capability to predict experimentally
measured effects, but also for the perspective to be used in the study of the behaviour
of purposely roughened surfaces reducing the probability of occurrence of
deteriorated heat transfer.

Keywords: Supercritical pressure, Heat transfer, Rough surfaces, Heat transfer
deterioration

BRHE © https://doi.org/10.1016/j.anucene.2023.109815



Exploration of optimal preparation strategy of Chenpi (pericarps of Citrus
reticulata Blanco) flavouring essence with great application potential in sugar

and salt-reduced foods
B RER L PEEEAXEHREHELRARERRBIERAERBERR
By Hanliang Li, Lianzhu Lin, Yunzi Feng, Mouming Zhao
School of Food Science and Engineering, South China University of Technology,
Guangzhou 510641, China
Guangdong Food Green Processing and Nutrition Regulation Technology Research
Center, Guangzhou 510641, China

Abstract

To obtain flavouring essence with application potential in sugar and salt-reduced
foods, the optimal strategy for extraction and microencapsulation of essential oil (EO)
from Chenpi was investigated. UPLC-QTOF-MS/MS and liquid-liquid-extraction-
GC-MS confirmed the selectivity for volatiles ranked in

hydrodistillation > supercritical fluid extraction > solvent extraction. The aroma

characteristic of Chenpi EO was distinguished by 33 key volatiles (screened out via
headspace-SPME-GC-MS) and quantitative descriptive analysis. EO extracted by
supercritical fluid extraction was preferred for preserving the original aroma of
Chenpi and displaying more fruity, honey and floral. Chenpi flavouring essence with
superior encapsulation efficiency, particle size, water dispersibility, and
thermostability was obtained through optimally microencapsulating EO with gum
arabic and maltodextrin (1:1) by high-pressure homogenization coupled with spray
drying. Chenpi flavouring essence was able to reduce the usage of sugar and salt by
20 % via enhancing flavour perception of sweetness and saltiness. This study first
developed a flavouring essence promisingly effective in both sugar and salt-reduced
foods.

BRI © https://doi.org/10.1016/j.foodres.2023.113669



Numerical simulation of flow and heat transfer performance during supercritical

water injection in vertical wellbore: A parameter sensitivity analysis
BHBERFTKZRENAREMSEBERESE | SEEBUREDT
By Qiuyang Zhao?, Yuhuan Lei?, Hui Jin®*, Lichen Zheng?®, Yechuan Wang®, Liejin Guo?
2 State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University,
Xi'an, 710049, China
®Xinjin Weihua Institute of Clean Energy Research, Foshan, 528216, China

Abstract

Supercritical water injection is a promising technology for heavy oil thermal recovery.

Predicting and regulating the thermophysical parameters of supercritical water

at bottomhole are the prerequisite for achieving high recovery efficiency. In this
paper, a novel numerical model was proposed to simulate wellbore flow and heat
transfer of supercritical water injection. A modified correlation of frictional
coefficient was developed to calculate water flow resistance near its critical point,

where its properties change abruptly. The unsteady heat loss to the formation was

calculated directly by solving two-dimensional unsteady heat conduction equations.

They were respectively coupled in momentum and energy balance equations using an

iterative scheme. This model was proved to be accurate by two oilfield cases in which
the relative errors of wellbore fluid pressure and temperature are less than 1%. Then

parameters sensitivity analysis of the injection pressure, temperature, mass flux and

the apparent heat conductivity of insulating tube was conducted. The results indicated

that the temperature variation of wellbore fluid depended on both enthalpy drop (or
heat loss) and Joule-Thomson effect. An abnormal phenomenon that the fluid
temperature increased with wellbore depth near the critical and pseudo-critical points
was found because of the sudden increase in high heat capacity and Joule-Thomson
coefficient of water. Raising the bottomhole fluid temperature was the key

to enhanced oil recovery by supercritical water injection. Low apparent heat

conductivity of insulating tube contributed richly to raise bottomhole fluid

temperature by enlarging thermal resistance and reducing wellbore heat loss. There

existed an optimal mass flux for maximizing bottomhole temperature, because when

the mass flux increased, the shortened resident time within wellbore and the decreased
fluid pressure favored temperature increase and decrease respectively. Selecting

an injection pressure near the critical or pseudo-critical point and raising the injection

temperature would increase the bottomhole temperature and reduce relative fluid heat

loss.

BRI © https://doi.org/10.1016/j.ijthermalsci.2022.107855



Preparation of Mesophase Pitch through Supercritical Fluid Extraction of Coal
Tar Pitch
BIRFMEEIEESNESRENHES
By Meng Wei, Zhiming Xu*, and Suoqi Zhao
State Key Laboratory of Heavy Oil Processing, China University of Petroleum, Beijing
102249, China

Abstract

This paper explores the preparation of mesophase pitch by employing supercritical
fluid extraction on coal tar pitch sourced from a coal chemical company. The raw
material undergoes pretreatment using various extraction solvents, and the resulting
refined components are thermally polycondensed in a laboratory microreactor to
create mesophase pitch. Qualitative and quantitative analyses of the mesophase
pitch’s structure are conducted through polarized light microscopy, X-ray diffraction
(XRD), scanning electron microscopy (SEM), Raman spectroscopy, and other
analytical methods to identify an optimal supercritical fluid extraction pretreatment
solvent for coal tar pitch. The results reveal that using n-hexane solvent in the
supercritical fluid extraction process yields a mesophase pitch with a remarkable
mesophase content of 90.07%, displaying excellent optical texture distribution,
superior directional arrangement and order, the closest lamellar accumulation, and the

highest degree of anisotropy and graphitization.

ERAGE : https://doi.org/10.1021/acsomega.3c08206




