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Direct Numerical Simulation of Fluid Flow and Heat Transfer of a Reactive
Particle Layer with Stefan Flow in Supercritical Water
HBERSR KR Stefan it &M REKUE R ES R B A SV B B BUEE B
By Yingdong Wang, Huibo Wang, and Hui Jin
State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University,
Xi’an710049, China

Abstract

Supercritical water gasification is an efficient and clean way of energy conversion.
The research on different scales, such as the system, reactor, and particle, has
different temporal and spatial significance. A study on particle—particle and particle—
fluid—particle interaction on the particle scale has a fundamental guiding value for
revealing gasification performance on the reactor scale. Reactive particles such as
coal are pyrolyzed and gasified in a high-temperature and high-pressure reactor to
form Stefan flow, which affects the mass, momentum, and energy transfer between
particles and supercritical water. In this paper, a particle-resolved direct numerical
simulation study of a reactive particle layer in supercritical water is carried out to
investigate the effect of different particle layer solid holdups and Stefan flow
intensities and distributions on the flow and heat transfer process between the particle
layer and supercritical water. This work analyzes the pressure and friction drag
coefficients to which the particles are subjected and specifies the flow, velocity, and
temperature distribution inside and around the particle layer. The results show that the
drag coefficient and Nusselt number of particles in the particle layer decrease
gradually along the flow direction, and the presence of particle Stefan flow further
reduces the drag force and Nusselt number of particles. With the increasing solid
holdup of the particle layer, the particle—fluid—particle interaction becomes more

intense, and the effect of Stefan flow cannot be negligible.

ERE : https://doi.org/10.1021/acs.iecr.2¢03866




Dynamics simulation of the effect of cosolvent on the solubility and tackifying

behavior of PDMS tackifier in supercritical CO: fracturing fluid
A% PDMS IEHTIFEBER R CO, BREOR FIARE KIG MR Er0E) B 5T
By Geng Zhang?®, Tong Wu", Jun Li*, Qin Pang”, Hongwei Yang®, Gonghui Liu?,
Honglin Huang?, Yujun Zhu*
®China University of Petroleum-Beijing, Beijing 102249, China
®State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest
Petroleum University, Chengdu 610500, China
¢ China University of Petroleum-Beijing at Karamay, Karamay 834000, China
4 Anhui Medical University, Hefei 200237, China

Abstract

Due to the low viscosity of supercritical carbon dioxide (SC-COy) fracturing fluid, the
method of adding tackifier is generally chosen to improve its sand carrying ability.
Recently, siloxane-based tackifier has been widely utilized because of low cohesive
energy and good viscosity building properties, but cosolvents are somehow needed to
be added in the system to improve its solubility in SC-COx. In this

study, polydimethylsiloxane (PDMS)- a widely used siloxane polymer- was selected
as the object tackifier. First, the effects of the addition of cosolvents such as ethanol,
acetic acid, cyclohexane and toluene on dissolution behaviors of PDMS in SC-

CO; fracturing fluid were investigated by molecular dynamics simulation. Moreover,
the solubilization effects of polar and nonpolar cosolvents on PDMS in SC-

CO:2 fracturing fluid were studied by comparing the binding energy, cohesive energy
density and radial distribution function between solvent-solvent and between solvent-
solute. The simulation results showed that cyclohexane could improve the solubility
parameters of SC-CO> the most at the same cosolvent concentration, and SC-CO; was
more uniformly distributed in the system. Meanwhile, the interactions between
toluene and SC-CO> was the strongest, and SC-CO; was generally uniformly
distributed in the system. However, ethanol and acetic acid performed poorly because
they could produce hydrogen bonds with certain directionality and saturation. It was
revealed that the mechanism of using cosolvents to improve the solubility of PDMS in
SC-CO; was based on the equilibrium of intermolecular forces between CO> and
PDMS, between CO; and cosolvent, and between PDMS and cosolvent. When the

siloxane-based tackifier was a nonpolar material, cyclohexane was recommended as




the cosolvent. If the siloxane-based tackifier itself had some weak polarity, toluene —

was more suitable.

Keywords: SC-COs fracturing fluid, PDMS, Molecular simulation, Cosolvent,
Solubility

B RIZRIR ;- https://doi.org/10.1016/j.colsurfa.2023.130985



Mitigation of Heat Transfer Deterioration of Supercritical CO2 Vertical Tube
Upward Flows by Introducing Truncated-Ribs in Helical-Like Distribution
BBEIENEIR D P SIABMARE B8R CO.EEEM LIRS NERERIL

By Duan Hangfei, Xie Gongnan, Ma Yuan, Li Shulei, Sunden Bengt
School of Marine Science and Technology, Northwestern Polytechnical University, Xi'an
710072, China;
Ocean Institute, Northwestern Polytechnical University, Taicang 215400, China

Abstract

To effectively alleviate the heat transfer deterioration (HTD) phenomenon of
supercritical COz flow in a vertical circular tube, this paper proposes multiple
truncated ribs from a whole O-ring rib but distributed in helical-like distribution. The
fluid hydraulics and thermal performance with a verified standard k—w mode are
numerically explored. The effects of the height, the distance, and the number of
truncated ribs on flow characteristics, and heat transfer are observed and analyzed in
detail. Results show that the heat transfer coefficient increases significantly with
increasing rib height, and as the pitch decreases the fluid recirculation area behind
each rib decreases, resulting in stronger mixing of swirling flow, which enhances
turbulent kinetic energy in the downstream and weakens the buoyancy force, thus
mitigating heat transfer deterioration. This study suggests that introducing multiple
truncated ribs distributed along helices into circular vertical tubes can be a beneficial
way to alleviate heat transfer deterioration and to enhance heat transfer of

supercritical CO> flow.

Keywords: supercritical CO,, heat transfer deterioration, vertical tubes multiple rib,

turbulence

BRIZE : https:/doi.org/10.1115/1.4055858




Optimization of tamoxifen solubility in carbon dioxide supercritical fluid and

investigating other molecular targets using advanced artificial intelligence

models
FERTEMNATEFEERB EMEESE _ S EhBRAE R DA E LT EM
DFEAE

By Saad M. Alshahrani, Abdullah S. Alshetaili, Munerah M. Alfadhel, Amany
Belal, Mohammad A. S. Abourehab, Ahmed Al Saqr, Bjad K. Almutairy, Kumar
Venkatesan, Amal M. Alsubaiyel & Mahboubeh Pishnamazi
Department of Pharmaceutics, College of Pharmacy, Prince Sattam Bin Abdulaziz
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Abstract

Particle size, shape and morphology can be considered as the most significant
functional parameters, their effects on increasing the performance of oral solid dosage
formulation are indisputable. Supercritical Carbon dioxide fluid (SCCOz) technology
is an effective approach to control the above-mentioned parameters in oral solid
dosage formulation. In this study, drug solubility measuring is investigated based on
artificial intelligence model using carbon dioxide as a common supercritical solvent,
at different pressure and temperature, 120—400 bar, 308-338 K. The results indicate
that pressure has a strong effect on drug solubility. In this investigation, Decision Tree
(DT), Adaptive Boosted Decision Trees (ADA-DT), and Nu-SVR regression models
are used for the first time as a novel model on the available data, which have two
inputs, including pressure, X1 =P(bar) and temperature, X2 = T(K). Also, output is

Y =solubility. With an R-squared score, DT, ADA-DT, and Nu-SVR showed results
0f 0.836, 0.921, and 0.813. Also, in terms of MAE, they showed error rates of
4.30E—-06, 1.95E—06, and 3.45E—06. Another metric is RMSE, in which DT, ADA-
DT, and Nu-SVR showed error rates of 4.96E—06, 2.34E—06, and 5.26E—06,
respectively. Due to the analysis outputs, ADA-DT selected as the best and novel
model and the find optimal outputs can be shown via vector: (x1 =309, x2 =317.39,
Y1=7.03e—05).
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Supercritical carbon dioxide-decellularized arteries exhibit physiologic-like
vessel regeneration following xenotransplantation in rats
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Abstract

Currently, many techniques are used for decellularization of grafts, including
physical, enzymatic, and chemical treatments. Indeed, decellularized xenogenic grafts
provide superior outcomes than alternative synthetic conduits. However, vascular
grafts produced by these methods are not perfect; their defects include defective
vessel wall structures, detergent residues, and the development of aneurysms after
grafting. Therefore, it is essential to develop a more appropriate process to produce
decellularized vascular grafts. Supercritical carbon dioxide (ScCQO,) has been used in
decellularization technologies in recent years. It is beneficial for the long-term
preservation of tissues and regeneration of new vessels. We have previously reported
that ScCO,-produced acellular porcine corneas show excellent biocompatibility
following lamellar corneal transplantation in rabbits. In this study, we wanted to use
this method to fabricate vascular grafts (ScCO,-decellularized rabbit femoral artery
(DFA)) and analyze their efficacy, parameters regarding rejection by the recipient's
(ACI/NKyo rats) immune system and biocompatibility, structural regeneration, and

functionality in vivo. The results indicated that the ScCO,-DFA showed higher



biocompatibility, enhanced chemotactic migration of endothelial progenitor cells,
lower risk of vasculopathy, lower inflammatory and splenic immune responses, and
better physiological-like tension responses after xenotransplantation (XTP) in
ACI/NKyo rats compared with the results obtained after XTP using detergent
decellularized vascular grafts (SDS-DFA). In conclusion, ScCO; is an excellent
decellularization technique in the fabrication of biocompatible vascular grafts and has

tremendous application in vascular regenerative medicine.
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