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An Experimental Investigation of Supercritical Methane Injection
Characteristics in a CO2 Environment
CO,IRIE MEBIRAPIEIAFENERITE
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 CO; 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 CO», methane injection, subcritical region
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CFD prediction of heat transfer at supercritical pressure with rough walls:
Parametric analyses and comparison with experimental data
RSB N EEEEEEA CFD RAl | 2o MEEREIBIER
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
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Characterization of phyto-components with antimicrobial traits in supercritical

carbon dioxide and soxhlet Prosopis juliflora leaves extract using GC-MS
£ GC-MS 2Bl FR _ St NREENNG HEPEENE R EREY R D
By Nagaraj M. Naik, M. Krishnaveni, M. Mahadevswamy, M. Bheemanna, Udaykumar
Nidoni, Vasant Kumar & K. Tejashri
Department of Agricultural Microbiology, University of Agricultural Sciences, Raichur, India

Abstract

This study aimed to screen the bioactive compounds from Prosopis juliflora leaf
supercritical fluid extract and to assess its

antimicrobial properties. Supercritical carbon dioxide and Soxhlet methods

were used for extraction. The extract was subjected to Gas Chromatography-Mass
Spectrometer (GC-MS) and Fourier Transform Infrared for the characterization of the
phyto-components. When compared to soxhlet extraction, more components (35)
were eluted by supercritical fluid extraction (SFE), according to GC-MS

screening. Rhizoctonia bataticola, Alternaria alternata, and Colletotrichum
gloeosporioides were all successfully inhibited by P. juliflora leaf SFE extract, which
demonstrated strong antifungal properties with mycelium percent inhibition of
94.07%, 93.15%, and 92.43%, respectively, compared to extract from Soxhlet, which
registered 55.31%, 75.63% and 45.13% mycelium inhibition respectively. Also,

SFE P. juliflora extracts registered higher zone of inhibition 13.90 mm, 14.47 mm
and 14.53 mm against all three test food-borne bacterial pathogens viz Escherichia
coli, Salmonella enterica and Staphylococcus aureus respectively. Results

obtained from GC-MS screening revealed that SFE is more efficient than soxhlet
extraction in recovering the phyto-components. P. juliflora may provide antimicrobial

agents, a novel natural inhibitory metabolite.

ERIHGR © https:/www.nature.com/articles/s41598-023-30390-9




Comparisons of Supercritical Loop Flow and Heat Transfer Behavior Under

Uniform and Nonuniform High-Flux Heat Inputs
BT RERNMA T BT EERENERT /AL
By Dong Yang, Lin Chen, Yongchang Feng
Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190,
China
University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

The heat transfer characteristic of supercritical water is one of the crucial issues in
SuperCritical Water-Cooled Reactors (SCWRs). The efficiency and safety of the
SCWR system are largely dependent on the local heat transfer performance. This
paper establishes the numerical model for supercritical water in a long vertical
circular loop (inside diameter = 10 mm) and analyzes the flow and heat transfer
mechanism during the transition process from subcritical to supercritical states under
various heat fluxes (uniform and nonuniform). The results reveal that the difference in
thermophysical properties between the boundary layer and the core region is the main
reason for the heat transfer behavior, especially during the transition from subcritical
to supercritical and liquidlike to gaslike. The flow structure on the buffer layer is a
dominating factor for heat transfer deterioration. The cases under variable nonuniform
heat fluxes have a higher heat transfer coefficient compared with uniform heat fluxes.
But, this will cause large changes of the parameter locally. The dominating factors of

heat transfer deterioration under these conditions are also identified.

Keywords: Supercritical water, heat transfer, variable heat fluxes, boundary layer,

flow stability
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Effect of Stefan flow on the flow field and heat transfer near wall of

supercritical carbon dioxide flowing over a stationary spherical particle
HT RS N B R 5 — S EAKAE A% LE IR R DR ENRR B ML R B R R &
By Kun Jiang (7%#8), Qiuyang Zhao (##Xf%), Haocheng Yu (R=EH{), Jinwen
Shi (Ef#E32), and Hui Jin (£18)
State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong
University, Xi'an 710049, China

Abstract

In industrial applications, the phenomenon of scCO» (supercritical carbon dioxide)
flowing over particles is quite common. Considering that the scCO» is chemically
inactive but has high solubility, the pure Stefan flow will present without the related
diffusion of a chemical reaction component and reaction heat, during the process of a
spherical particle in the solid phase dissolved in a system of scCO». To this, particle
resolve-direct numerical simulation without considering the role of gravity and
buoyancy is employed in this paper to investigate the high-temperature scCO; flowing
over a low-temperature stationary sphere with the uniformly, normally, and outward
distributed Stefan flow on its surface, with the above cases conducted in the process
of small variations on physical properties of scCO,. We present a series of variables
in the flow field and temperature field near the sphere surface to study the effects of
Stefan flow on them compared with cases without Stefan flow. Related distribution
details of the velocity boundary layer and the temperature boundary layer near the
sphere surface under conditions with or without the Stefan flow are also presented and
analyzed. Different from other similar studies, our study also pays more attention to
variables of the local fluid field as well as temperature field near the surface of the
spherical particle. The results show that the presence of Stefan flow will reduce flow
resistance of the freestream but inhibits heat transfer performance. Simpler
correlations in form compared with previous well-established correlations are

presented and are used to describe the operating conditions proposed herein.
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Recent Progress on High Temperature and High Pressure Heat Exchangers for

Supercritical CO2 Power Generation and Conversion Systems
HERR CO, RBHER AR Y SRS BIRARMRER
By Lei Chai & Savvas A. Tassou
Centre for Sustainable Energy Use in Food Chain (CSEF), Institute of Energy Futures, Brunel
University London, Uxbridge, Middlesex, UK

Abstract

Heat exchangers for supercritical CO2 power generation and waste heat to power
conversion systems have a significant impact on the overall cycle efficiency and
system footprint. Key challenges for supercritical CO> heat exchangers include ability
to withstand high temperature and high pressure (typical temperature range of heat
source 350 to 800 °C and typical required operating pressure range 150 to 300 bars),
and large pressure differential between fluid streams. Other requirements are low
pressure drop, high effectiveness and high reliability under thermal cycling. This
paper presents recent developments in supercritical CO> heat exchangers in terms of
material selection, design, manufacture, and operation. Since heat exchangers
represent a significant portion of the total system cost, another key challenge is to find
a compromise between the heat exchanger type, cost, durability, and performance.
This paper explores heat exchanger technologies, manufacturing techniques and
materials for high temperature and high pressure heat exchangers for supercritical
CO2 applications. It also identifies technology gaps and research needs to accelerate
the development of effective designs to facilitate the commercialization of both

supercritical CO2 heat exchanger technologies and power cycles.
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Thermodynamic analysis of combined cycle system based on supercritical
CO:2 cycle and gas turbine with reheat and recuperation
IR CO, BIRARRB BN SEIRRR ZENEDNT
By Zhibo Lian, Yinke Qi & Diangui Huang
a School of Energy and Power Engineering, University of Shanghai for Science and
Technology, Shanghai, China
b Shanghai Key Laboratory of Multiphase Flow and Heat Transfer in Power Engineering,
Shanghai, China

Abstract

The gas turbine combined cycle (GTCC) system has the advantages of high power
density, high efficiency, and fast start-stop control, which will occupy an important
position in the next-generation power system. In this paper, two groups of reheat
cycle gas turbines with different thermal parameters are compared and the reheat and
recuperative cycle is constructed by adding a recuperator to the recommended reheat
cycle. Two typical sCO» cycles are selected to construct a combined cycle system
with simple cycle, reheat cycle, reheat, and recuperative cycle, respectively. In the
range of gas turbine pressure ratio of 32—-56, the parameters of GTCC with turbine
inlet temperature of 1750°C are optimized based on the system calculation method of
total physical properties, and the thermodynamic performance of the GTCC system
was evaluated. The research shows that the reheat cycle with a TRIT (inlet
temperature of the turbine after reheat) of 1250°C has higher efficiency and lower
specific net work than the reheat cycle with a TRIT of 1750°C, and the relatively low
exhaust temperature is more suitable for the sCO» bottoming cycle. In addition,
compared with the simple cycle, the optimal topping cycle thermal efficiency of the
reheat and regenerative cycle is only reduced by 0.1%, but the exhaust temperature is
higher. Under the same sCO> cycle form, the combined cycle efficiency is improved
by 1.5-2.0%. The thermal efficiency of the reheat and regenerative cycle gas turbine
combined cycle (RCRHCC) studied in this paper can reach up to 67.53%, which has

the potential to become the next generation of GTCC units.

Keywords: GTCC, reheating, recuperative, sCO: cycle, thermodynamic analysis
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