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An Explanation for the Flutter Paradox in the Supercritical Region of a Simply-
Supported Fluid-Conveying Pipe
BXnieh s e B ERIRIFRIEE
By Ding Ming, Meng Shuai, Liu Zhen, Zhan Junhan
State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai
200240, China

Abstract

Employing traditional Galerkin method, a coupled-mode flutter is predicted in the
supercritical region of simply-supported pipes which constitutes a paradox since the
internal flow effect is conservative and there is no energy to sustain the oscillation.
Although there is a consensus that the flutter does not exist, the intrinsic mechanism
remains to be clarified. This study has found that the internal flow induced Coriolis
force term cannot be decoupled in traditional Galerkin method which leads to the
dissatisfaction of the convergence conditions required in weighted residual approach
(WRA). Moreover, the disparities in the predicted complex frequencies have been
witnessed at different base function numbers when the internal flow velocity is
sufficiently large. A modified Galerkin method adopting a new set of weighting
functions is proposed based on WRA, and the Coriolis force term disappears by use of
the orthogonality relations (it is stated that the Coriolis force is not directly omitted).
Thus, a convergent solution for the set of residual functions which are identically
equal to zeros can be guaranteed. Employing the modified method, the convergence in
simulations is confirmed and the flutter phenomenon does not occur. This study can
be a workbench for the study on the unsolved or partly solved issues in simulations of
fluid-conveying pipes. Moreover, it has demonstrated that the predictions in
traditional Galerkin method overestimate the natural frequencies, and it becomes
more profound in higher-order natural modes at larger internal flow velocities which

are of practice significance for dynamic analysis of flexible pipeline systems.

Keywords: simply-supported pipe, internal flow effect, paradox explanation, weighted

residual approach, fluid-structure interaction, pipeline technology
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Development and Validation of a Segregated Conjugate Heat Transfer

Procedure on a sCO:z Dry Gas Seal Test Bench
£ sCO, ZREHMBE L MBELREIHRLENERER
By Isacco Rafanelli, Giulio Generini, Antonio Andreini, Tommaso Diurno, Gabriele
Girezzi, Andrea Paggini
Heat Transfer and Combustion Group, University of Florence, Via S. Marta 3, Florence
50139, Italy

Abstract

Carbondioxide at supercritical state shows particularly favorable thermodynamic
properties for closed-loop Brayton and Rankine cycles. High density, close to a liquid,
and low viscosity, close to a gas, drive to achieve higher energy conversion efficiency
with smaller size turbines and components. Since minimizing the sCO> leakage flows
drives to a further increasing of overall efficiency, dry gas seals (DGS) are considered
as a key enabling technology for achieving this purpose and for achieving a carbon
footprint in line with the increasingly stringent targets. DGSs are gas-lubricated,
mechanical, noncontacting, end-face seals, consisting of a mating (rotating) ring and a
primary (stationary) ring. The operating equilibrium clearance of the seal is
determined by the balance of opening dynamic forces, mainly depending on angular
velocity and grooves shape, and closing forces caused by pressure gradients and
spring force. Due to high rotational speeds, typical small size sealing gaps (order of
magnitude of Micron), high fluid pressure and density, the heat generated by friction
through the seal has a large impact on the temperature distribution, therefore a thermal
design is needed to stay below the seal allowable temperature; this requirement has
been even amplified in the last years with the DGS application to hot turbomachinery.
Nowadays, numerical conjugate heat transfer (CHT) analysis is a good industrial
practice to quantify the thermal distribution in turbomachinery components. On the
other hand, due to different order of magnitude of secondary flows cavity sizes and
DGS seal gaps, simulating the whole fluid domain with three-dimensional (3D)
computational fluid dynamic (CFD) calculation could drive to prohibitive
computational costs. In this regard, this paper presents a fast numerical iterative
procedure based on a commercial one-dimensional flow network modeler

(ALTAIR flow simulator), with real gas effects included, coupled with a commercial
finite element solver (ANSYS mechanical). Additional 3D CFD simulations are carried

out to enhance the predictability of the fluid solver in specific critical areas. The



proposed procedure is applied and validated in a DGS specific test bench designed,
owned and operated by Flowserve. The validation dataset has been generated
operating the DGS in the test bench at 15 different conditions in terms of angular
velocity and housing temperature with sCO; as working fluid aligned with those
expected on the unit. Test rig consists of a rotor and housing where the turbomachine
operating condition (pressure, speed, temperature and sealing fluid) are mirrored to
verify the seal performance. The rig is equipped with test seal and a plug seal
mounted in a back-to-back configuration. Data set used for this comparison is
composed by thermocouples on the statoric rings, retainers and housing of each seal,
operating at five different angular speeds and three minimum levels of housing
temperature (100 °C, 210 °C, and 250 °C). These temperatures are designed to mirror
turbomachinery conditions around the seal, and, if friction heat is not enough to
guarantee them, a series of 18x1 kW heating elements circumferentially distributed in
the test bench housing, are activated. The nominal operating condition has been
considered as the starting point of the model predictions and, there, several sensitivity
analyses have been carried out to align the model to test bench measurements; then,
the selected configuration has been frozen and used to assess the model performance
on other operating conditions. The numerical results have shown a good agreement
with experimental data at each operating condition in terms of punctual temperatures

previously described and with extremely low computational times.

Keywords: supercritical carbon dioxide, dry gas seal, thermal management, heat

transfer, conjugate heat transfer analysis
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Formulation and characterization of micro-emulsions of peppermint
and coriander oils extracted by using a supercritical fluid system
e BRI EE R AR ECE BN & 3ORIM L RAVEC RN RE
By Ana Javaid, Ali Imran, Muhammad Umair Arshad, Muhammad Afzaal & Mohd
Asif Shah
Department of Economics, Kabridahar University, Somali, Ethiopia

Division of Research and Development, Lovely Professional University, Phagwara, India

Abstract

The present study was designed to formulate and characterize the micro-
emulsions of peppermint and coriander oil that extracted by using supercritical
fluid extraction system. Moreover, Guar gum and maltodextrin were used as
coating materials while preparing encapsulates of peppermint and coriander
through freeze-drying. The moisture contents of mint leaves and coriander
were 81.28 +7.12 and 84.62 + 6.46% respectively whereas the recorded protein
content in mint and coriander leaves were 1.456 £0.13 and 5.06 = 0.03%
respectively. The crude fat was high in mint leaves as compared to coriander.
However, the ash content was 2.98 +£0.278 in mint and 2.8 = 0.12 in coriander
leaves. The total phenolic contents (TPC) and antioxidant activity coriander
essential oil was high as compared to peppermint oil. The results showed the
better antioxidant activity of coriander than peppermint. Encapsulation
efficiency of powder showed significant results of wall material. T3
(maltodextrin and coriander oil) exhibited better binding capability of bioactive
components as compared to guar gum and mint. T3 was coriander and
maltodextrin better ability to inhibit the oxidation process and had good DPPH
assays as compared to other treatments. This study showed that the T3
(maltodextrin and coriander oil) exhibited better binding capability of bioactive
components as compared to guar gum and mint. T3 was (coriander and
maltodextrin) better ability to inhibit the oxidation process and had good DPPH

assays to other treatments.

Keywords: Peppermint, coriander, freeze drying, encapsulated powder, Guar gum,

maltodextrin
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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
Baker Hughes, Via Felice Matteucci, Firenze 50127, Italy
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 (sCO.) blended with sulfur dioxide (SO>) 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 MW, 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, sCO> mixtures, exhaust section, rotordynamics, thermal

analysis, aeromechanical integration

B RIFE ¢ https://doi.org/10.1115/1.4063530




Quasi-One-Dimensional Loss Model of Volute Using Boundary Layer Approach
for Inward Flow Radial Supercritical CO2 Turbines
RRERIVEBERSR CO, BRI R 2 E— B R EIVEREX
By Syed Jiaul Hoque, Pramod Kumar, Pramod Chandra Gopi
Department of Mechanical Engineering, Indian Institute of Science, Interdisciplinary Center

for Energy Research, Bengaluru 560012, India

Abstract

Inward flow radial sCO; turbines operate at considerably higher speeds than
conventional gas or steam turbines making only the low specific speed designs
practically realizable. Low-specific speed designs suffer from significantly higher
viscous losses in the volute due to long and narrow flow passages. The volute loss in
low specific speed designs results in an 8% to 12% efficiency drop, which is
approximately 50% of the total loss. The paper proposes a quasi-one-dimensional
(quasi-1D) model to estimate the total pressure loss in a volute with acceptable
accuracy while consuming negligible computational power compared to a three-
dimensional computational fluid dynamics simulation. The model converts the three-
dimensional flow in a volute into an equivalent quasi-1D flow. Boundary layer-based
momentum integral method is used on the quasi-1D flow path to calculate the total
pressure loss. A computer program is developed to implement the proposed model.
The accuracy of the model is tested with three-dimensional computational fluid
dynamics results in the kW to MW power scale for different boundary conditions. The
validation exercise is performed for two volute cross sections—circular and
trapezoidal, to check the universality of the model. The model predicts the total
pressure loss with less than 10% error for all test conditions. In contrast, a fully
developed pipe flow model shows a considerably higher error (~50%) in total
pressure loss prediction for identical flow conditions. The model can also incorporate
the effect of surface roughness of the volute. In addition, the model accurately

calculates losses under off-design operations.

Keywords: supercritical CO,, boundary layer, loss model, vaneless turbine, specific

speed

BERIZE : https://doi.org/10.1115/1.4063548




Synthesis of novel azo pyrazole disperse dyes for dyeing and antibacterial
finishing of PET fabric under supercritical carbon dioxide
By Mamdouh Sofan, Fathy El-Taweel, Adel Abdel-Rahman, Hagar
Salman & Elham Negm

Chemistry Department, Faculty of Science, Damietta University, New Damietta,

Egypt

Abstract

Superecritical carbon dioxide (scCO») has been suggested as a good substitution to
environmentally harmful water-based tincturing. The present study describes the
successful synthesis of some biologically active dispersion tinctures for supercritical
carbon dioxide tincturing of polyester fabric. The coupling of 1-
cyanoacetylpiperidine (1) with the diazonium salt of aryl amine derivatives (2a—

d) produced 1-((aryldiazenyl) cyanoacetyl piperidines (3a—d). To create the
derivatives of 4-(phenyldiazenyl)-5-(piperidin-1-yl)-1H-pyrazol-3-amine (Sa), the
propane nitriles (3a—d) were condensed with hydrazine hydrate. However, the
unexpected 3-aminopyrazol-5-ol yellow—red dispersion dyes (4a—d) were identified as
the reaction results. The MS, IR, and NMR spectra were used to describe the novel
dyes, and the results exactly matched the suggested structures. The antibacterial test,
which was conducted using the AATCC method, revealed that some of the
compounds (3a—d) and (4a—d) had impressive antibacterial capabilities against the
researched +ve and gram —ve bacteria. For eight dyestuffs, the dyeability, color
strength, and color fastness of the tincturing process were evaluated. The evaluation
focused on determining color uptake using a gauge for color strength (K/S). All dyes
displayed excellent rubbing, washing, and light fastness (color change and staining
grade of 4-5).
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Abstract

In the last decade, the separation application based on aromatic stationary phases has
been demonstrated in supercritical fluid chromatography (SFC). In this paper, four
aromatic stationary phases involving aniline (S-aniline), 1-aminonaphthalene (S-1-
ami-naph), 1-aminoanthracene (S-1-ami-anth) and 1-aminopyrene (S-1-ami-py) were
synthesized based on full porous particles (FPP) silica, which were not end-capped for
providing extra electrostatic interaction. Retention mechanism of these phases in SFC
was investigated using a linear solvation energy relationship (LSER) model. The
aromatic stationary phases with five positive parameters (a, b, s, e and d") can

provide hydrogen bonding, n-n, dipole-dipole and cation exchange interactions, which

belong to the moderate polar phases. The LSER results obtained using routine test
solutes demonstrated that the aforementioned interactions of four aromatic stationary
phases were influenced by the type and bonding density of the ligand, but to a certain
extent. Furthermore, the LSER data verified that the S-1-ami-anth column based on
full porous particles silica had higher cation exchange capacity (d* value), compared
to the commercialized 1-AA column (based on the ethylene-bridged hybrid particles).
The relationship between the d* value and SFC additive was quantitatively proved so
as to regulate electrostatic interaction reasonably. This value was greatly increased by
phosphoric acid, slightly increased by trifluoroacetic acid and formic acid, but
significantly reduced by ammonium formate and diethylamine. Taking the S-1-ami-
naph column as an example, better peek shape of the flavonoids was obtained after

the addition of 0.1 % phosphoric acid in MeOH while isoquinoline alkaloids were



eluted successfully within 11 min after adding 0.1 % diethylamine in MeOH.
Combined with the unique n-n interaction and controllable electrostatic interaction,
the aromatic stationary phases in this study have been proven to have expandable

application potential in SFC separation.
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Abstract

Copper nanoparticles are widely used in electronics, catalysis, energy storage and
other fields. But the traditional preparation technology has the defects of high cost,
low yield, and poor product dispersion, which prevent industrialization and

application. Supercritical hydrothermal synthesis (SCHS) technology is a green

frontier technology for the preparation of nanomaterials, which can overcome the
deficiencies of the existing technology and achieve industrialization. In this paper, the
material system of SCHS of copper nanoparticles is optimized, and the effects of
precursor, reductant, reductant dosage and PVP dosage on the particle size and
morphology of the products are investigated, and the influence mechanism is
analyzed. In addition, the effect of PVP dosage on the antioxidant capacity of copper
nanoparticles was investigated in the context of the oxidation kinetics of copper
nanoparticles. The optimal material system for the synthesis of antioxidant copper

nanoparticles was finally obtained.
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