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CFD prediction of heat transfer at supercritical pressure with rough walls:
Parametric analyses and comparison with experimental data
fH ¥ EE B R SRR N B2y CFD TR : 280 KB REIRAILLE
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.

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



Determination of Minimum Miscibility Pressure Between Heavy Oil —
Supercritical Carbon Dioxide System Using the Slim Tube Method
RAERNEEMR-BRSR kR A 2B/ VERED
by C. U. Uzoho; L. F. Okorafor; D. O. Olomu; N. E. Achilike; O. D. Adesina; M. O.
Onyekonwu

Laser Engineering and Resources Consultants Limited, Port Harcourt, Rivers State, Nigeria

Abstract

The minimum miscibility pressure is the lowest pressure at which the reservoir fluid
can be subjected in order to achieve miscibility with the desired gas. In this
experimental study, a 40-ft slim tube, Haste alloy coil with an outer diameter of 4"
was used to determine the minimum miscibility pressure (MMP) of a Heavy Oil-

CO» System at reservoir conditions. The slim tube was saturated with crude oil from a
Niger Delta Field at a constant temperature of 139.2°F after which, 1.2 PV of
supercritical carbon dioxide was injected above the heavy oil bubble point pressure at
a constant flowrate of 0.2cc/min. The flooding process continued until a high-pressure
drop was observed with minimal oil recovered. It was seen that the displacement
efficiency increased with an increase in experimental pressures beyond a point where
its increase was nominal. However, the MMP for this study occurred at a reservoir
pressure of 2042 psi which is the break-over point where no significant change in oil
recovery was observed with a recovery above 70%OOIP. The determined MMP was
used as a guide in a CO»-EOR and CO; secondary mode flooding project using a
Niger Delta and tight Berea Buff reservoir core samples. The result shows that MMP
plays a vital role in any successful miscible flooding EOR project. In the era of carbon
capture and sequestration, we can therefore capture carbon and use it for EOR.

However, the MMP of the crude oil has to be determined.
Keywords: upstream oil & gas, nigeria government, geologist, united states
government, heavy oil play, coz, geology, petroleum play type, chemical flooding

methods, slim tube

BRIZR : https://doi.org/10.2118/217147-MS




Experimental Investigation on Near-nozzle and Macroscopic Structure of a
Supercritical Fuel Injection into Subcritical Environment
Do B SRR B ER SR IR S T IR e K R BAS 1R B B 7t
by Rui Liu, Li Huang, Xinmin Ni, Dehao Ju, Ran Yi, Yue Ma

Shanghai Marine Diesel Engine Research Institute

Abstract

The supercritical fluid combustion technology was regarded as an effective method to
increase fuel gas mixing rate and performance. During the injection and combustion
process, critical characteristics dominate the jet development to behave as different
spray structure. Due to the limited researches about supercritical gasoline-like fuel
injection characteristics, macroscopic and near-nozzle microscopic spray structure
was observed respectively. In this work, a supercritical gasoline -like fuel injection
device was designed able to heat the fuel temperature up to 773 K and maintain the
fuel injection pressure stable at 4 MPa. The experiment was conducted with the fuel
injecting from supercritical condition to atmosphere condition. As a comparison, two
fluids were selected to conduct injection experiment. The n-heptane was used to
represent the surrogate of the supercritical gasoline, while the cryogenic nitrogen was
selected to represent the ideal gas. Backlight illumination and schlieren imaging
technologies were applied to capture the liquid and overall jet structure images. The
effect of initial fuel temperature on the spray structure was analyzed and some novel
near-nozzle structure was also discussed. The results show with the initial fuel
temperature increasing, the jet behaves as narrow linear structure firstly, and then
transforms to gray mist along radial direction, finally almost vanish except for near-
nozzle region. For the microscopic spray structure, when the supercritical fuel is
injected into the atmosphere condition, there exists a closed shock structure near the
nozzle exit. The axial distance of the Mach disk of the shock can be predicted by
empirical correlations which are suitable for the ideal gas, but the radial distance of

the Mach disk is larger than that of the ideal gas.

ERIZKE © https://www.sae.org/publications/technical-papers/content/2023-01-1636/
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Holding water in a sieve—stable droplets without surface tension

KRFERFP—RENKE - RBERERT]
By N. P. Longmire, S. L. Showalter & D.T. Banuti
Department of Mechanical Engineering, The University of New Mexico, Albuquerque, NM,
87131, USA
Karlsruhe Institute of Technology (KIT), Institute for Thermal Energy Technology and Safety
(ITES), Karlsruhe Institute of Technology (KIT), 76344, Eggenstein-Leopoldshafen,

Germany

Abstract

Our understanding of supercritical fluids has seen exciting advances over the last
decades, often in direct contradiction to established textbook knowledge. Rather than
being structureless, we now know that distinct supercritical liquid and gaseous states
can be distinguished and that a higher order phase transition - pseudo boiling - occurs
between supercritical liquid and gaseous states across the Widom line. Observed
droplets and sharp interfaces at supercritical pressures are interpreted as evidence of
surface tension due to phase equilibria in mixtures, given the lack of a supercritical
liquid-vapor phase equilibrium in pure fluids. However, here we introduce an
alternative physical mechanism that unexpectedly causes a sharpening of interfacial
density gradients in absence of surface tension: thermal gradient induced interfaces
(TGIIF). We show from first principles and simulations that, unlike in gases or
liquids, stable droplets, bubbles, and planar interfaces can exist without surface
tension. These results challenge and generalize our understanding of what droplets
and phase interfaces are, and uncover yet another unexpected behavior of supercritical
fluids. TGIIF provide a new physical mechanism that could be used to tailor and

optimize fuel injection or heat transfer processes in high-pressure power systems.
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Abstract

Citrus essential oils, thanks to their pleasant aroma, are certainly the most used
ingredients in the formulation of hydroalcoholic fragrances. The non-volatile fraction
of Citrus essential oil is composed for 10-20% of coumarins, furocoumarins and
polymethoxyflavones. It is well known that furocoumarins induce photosensitization
and have potential carcinogenic and mutagenic effects. It follows that furocoumarins
levels in cosmetics product are constantly monitored by opinions and regulations
issued by the International Fragrance Association.

The aim of this research article was to quantify coumarins, furocoumarins and
polymethoxyflavones in thirty commercial hydroalcoholic fragrances using
supercritical fluid chromatography in combination with triple quadrupole mass
spectrometry technique (SFC-QqQ-MS). According to author’s knowledge, this is the
first report on the determination of oxygen heterocyclic compounds in hydroalcoholic

fragrances by means of SFC-QqQ-MS technique.

Keywords: Furocoumarins, hydroalcoholic fragrances, supercritical fluid

chromatography, citrus essential oils, quality control
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Abstract

The extract obtained at supercritical fluid extraction from plant raw material is
essentially multicomponent. A multicomponent mass-transfer model at the particle
scale is developed to account for the non-ideality of the chemical interactions between
solute components. The oil is represented by two pseudo-components, and the
gradient of the chemical potential is considered the driving force for the mass transfer.
The model is based on the regular solution and Gibbs energy approaches to the
thermodynamic modeling of phase equilibria that take place in the raw material with a
high initial oil content. The Stefan—-Maxwell approach is used to balance the drag
effect/chemical interactions and the driving force of diffusion in a non-equilibrium
multicomponent solution. It is demonstrated that the two solute components may act
as “co-solvents”, thus facilitating the extraction of each other, or as “anti-solvents”,
thus decreasing the overall extraction rates. At least a 60% relative error in the overall
flux from the particle surface is observed when the developed model is compared
against a simplified approach that considers the solution as an ideal system. It is found
that while the flowing fluid accumulates the extracted solute, the phase separation
may take place in the pore volume of the packed bed. Possible conditions of phase

separation in the pores of the packed bed are discussed.
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Abstract

Supercritical CO> (scCO») extraction, a green technology still little applied to side
streams, has been used to explore the potential recovery of beneficial compounds
from apple pomace, a food industry byproduct. The study examines the potential of
scCO; extraction on freeze-dried and airflow dried apple pomace, using laboratory-
scale equipment with varying pressures (200400 bar), temperatures (35-55 °C) with
a fixed CO> flow rate. Extracts were analyzed through LC-MS and GC-MS,

while antioxidant capacity was assessed using the ABTS assay. The results were
compared to those from Soxhlet n-hexane extraction. Optimal conditions of 300 bar
and 55 °C with freeze-dried apple pomace yielded the highest mass loss. The main
compounds identified included glyceryl dilinoleate, linoleic acid, and diacyl glycerol,
with significant ursolic acid content. A preliminary higher scale feasibility test under
optimal conditions demonstrated promising, duplicable outcomes, supporting prior
claim that apple pomace contains valuable ingredients that can be reused in various

industrial sectors.
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