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Abstract
This study focuses on the dual-core annular process of crude oil and water. The crude oil exhibits non-Newtonian behavior
with high viscosity. The heat transmission flow in pipeline locations is complex. In this process, the cooled water passes
through the annular core, experiencing turbulence effects, while the crude oil flows in a laminar manner. The influence of the
non-Newtonian behavior is investigated in terms of pipe angles and deformations. In the valve, the inlet velocity flow is set at
1.75 m/s. The flow is executed in downhill orientations in high-velocity locations. The simulation results show CFD variations
with a velocity of 3.5 m/s, pressure of 2.33 MPa, pressure gradients of 1.33 MPa, and Reynolds numbers of 1.38 MPa. This
study is being conducted for a horizontal pipeline. The CFD solution solvers investigate the volumetric flow characteristics of
the fluid as well as the temperature effects. The maximum heat energy has been reduced, resulting in unique flow
directions. © 2023 The Authors

Author Keywords
Ansys;  Composite annular core;  Crude oil;  Pressure;  Temperature;  Velocity;  Water

Index Keywords
Computational fluid dynamics, Nanocomposites, Non Newtonian flow, Pipelines, Reynolds number; Ansys, CFD
analysis, Composite annular core, Core-annular, Dual-core, High viscosities, Nano composite, Non-Newtonian
behaviors, Oil characteristics, Water characteristics; Crude oil

References
Battisti, R., Milanez, K.W., Mantelli, M.B.H., dos Santos, M.C., Medina, L.C., Marangoni,
C.
Energy conditions assessment of a two-phase annular thermosyphon used as heat
supplier for a new pilot-scale falling film distillation unit
(2020) Therm. Sci. Eng. Prog., 19. 
[Internet]. Elsevier BV

Le Corre, J.-M.
Experimentalcharacterisation of boiling two-phase flow structures under BWR core
operating conditions
(2020) Nucl. Eng. Des., 365. 
[Internet]. Elsevier BV

Garmroodi, M.R.D., Ahmadpour, A.
A numerical study on two-phase core-annular flows of waxy crude oil/water in
inclined pipes
(2020) Chem. Eng. Res. Des., 159, pp. 362-376. 
[Internet]. Elsevier BV



11/8/23, 9:26 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1711864564&eid=2-s2.0-85167439029&sort=&clicked… 2/4

Czernek, K., Witczak, S.
Precise determination of liquid layer thickness with downward annular two-phase
gas-very viscous liquid flow
(2020) Energies, 13 (24), p. 6529. 
[Internet]. MDPI AG

Ma, C., Jia, M., Lin, W., Huang, J., Lu, Z.
Extending optical filaments of annular beams via square root spatial phase
modulation
(2020) Opt Commun., 458. 
[Internet]. Elsevier BV

Movahedi, N., Geravand, A., Haftbaradaran, H.
Investigating inhomogeneity effects on the crack driving force in two-phase
electrode particles using a planar composite core-shell model
(2021) Mech. Mater., 152. 
[Internet]. Elsevier BV

Nejad, M.Z., Ansarifar, G.R.
Optimal design of a small modular reactor core with dual cooled annular fuel based
on the neutronics and natural circulation parameters
(2020) Nucl. Eng. Des., 360. 
[Internet]. Elsevier BV

Qiu, Y., Lee, H., Kharangate, C.R.
Computational investigation of annular flow condensation in microgravity with two-
phase inlet conditions
(2020) Int. Commun. Heat Mass Tran., 118. 
[Internet]. Elsevier BV

Rath, A., Flynn, M.R.
Core annular flow theory as applied to the adiabatic section of heat pipes
(2020) Phys. Fluids, 32 (8). 
[Internet]. AIP Publishing

Saxena, A., Prasser, H.-M.
A study of two-phase annular flow using unsteady numerical computations
(2020) Int. J. Multiphas. Flow, 126. 
[Internet]. Elsevier BV

Tripathi, S., Tabor, R.F., Singh, R., Bhattacharya, A.
Experimental studies on pipeline transportation of high internal phase emulsions
using water-lubricated core-annular flow method
(2020) Chem. Eng. Sci., 223. 
[Internet]. Elsevier BV

Yang, H., Li, J., Liu, G., Xing, X., Jiang, H., Wang, C.
The effect of interfacial mass transfer of slip-rising gas bubbles on two-phase flow
in the vertical wellbore/pipeline
(2020) Int. J. Heat Mass Tran., 150. 
[Internet]. Elsevier BV

Yu, Z.-X., Wang, X.-L., Chang, Y.-L., Lin, C.-Y., Chang, Y.-C., Chiang, Y.-Y.
A core-annular liquid–liquid microextractor for continuous processing
(2021) Chem. Eng. J., 405. 
[Internet]. Elsevier BV

Zhang, Z., Li, Y., Wang, Z., Hu, Q., Wang, D.
Experimental study on radial evolution of droplets in vertical gas-liquid two-phase
annular flow



11/8/23, 9:26 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1711864564&eid=2-s2.0-85167439029&sort=&clicked… 3/4

(2020) Int. J. Multiphas. Flow, 129. 
[Internet]. Elsevier BV

Afzal, A., Samee, A.D.M., Javad, A., Shafvan, S.A., P V, A., Kabeer, K.M.A.
Heat transfer analysis of plain and dimpled tubes with different spacings
(2018) Heat Tran. Res., 47, pp. 556-568. 

Dhairiyasamy, R., Saleh, B., Govindasamy, M., Aly, A.A., Afzal, A., Abdelrhman, Y.
Effect of particle size on thermophysical and heat transfer properties of Ag
nanofluid in a radiator–an experimental investigation
(2021) Inorg. Nano-Metal Chem., 0, pp. 1-15. 

C, A.S., Afzal, A., Badruddin, I.A., Khan, T.M.Y., Kamangar, S., Abdelmohimen, M.,
Manzoore, M.E., Fayaz, H.
Numerical investigation on pressure-driven electro osmatic flow and mixing in a
constricted micro channel by triangular obstacle
(2020) Int. J. Numer. Methods Heat Fluid Flow, 

Afzal, A., D, M.S.A., K, A.R.R.
Experimental investigation of thermal performance of engine coolant oil and water
in helical coil heat exchanger
(2019) J. Eng. Res., 8, pp. 333-351. 

Afzal, A., Islam, M.T., Kaladgi, A.R., Manokar, A.M., Samuel, O.D., Mujtaba, M.A.,
Soudagar, M.E.M., Ali, H.M.
Experimental investigation on the thermal performance of inserted helical tube
three-fluid heat exchanger using graphene/water nanofluid
(2021) J. Therm. Anal. Calorim., 

Islam, M.T., Nguyen, A.V., Afzal, A.
Bubble's rise characteristics in shear-thinning xanthan gum solution: a numerical
analysis
(2022) J. Taiwan Inst. Chem. Eng., 132. 

Dumont, E., Delmas, H.
Mass transfer enhancement of gas absorption in oil-in-water systems: a review
(2003) Chem. Eng. Process. Process Intensif., 42 (6), pp. 419-438. 

Nwaokocha, C.N., Layeni, A.T., Samuel, O.D., Imala, C.C., Osunsanya, R.O., Ige, B.,
Shode, O.J., Enweremadu, C.C.
(2023) AIP Conf. Proc., p. 2706. 
020002

Padmanabhan, S., Parthasarathy, M., Elumalai, P.V.
Application of waste biomass into automotive fuels
(2023) Environmental Sustainability of Biofuels Prospects and Challenges, pp. 253-266. 

Correspondence Address
Agbulut U.; Department of Mechanical Engineering, Turkey; email: umitagbulut@duzce.edu.tr
Kumar R R.; Vel Tech Rangarajan Dr.Sagunthala R & D Institute of Science and Technology, 400 Feet Outer Ring Road
Avadi, Tamil Nadu, India
Elumalai P.V.; Department of Mechanical Engineering, India; email: elumalaimech89@gmail.com

Publisher: Elsevier Ltd

ISSN: 2214157X
Language of Original Document: English
Abbreviated Source Title: Case Stud. Therm. Eng.
2-s2.0-85167439029
Document Type: Article
Publication Stage: Final
Source: Scopus



11/8/23, 9:26 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1711864564&eid=2-s2.0-85167439029&sort=&clicked… 4/4

Copyright © 2023 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


