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Joule Heating and Viscous Dissipation Effects on a
Stretching/Shrinking Cannel Filled by Micropolar
Hybrid Nanofluid in Presence Thermal/Solar
Radiation

H A. El-dawy'*, Mohamed F. EI-Amin??3, and Zehba A. Raizah?

1High Institute of Engineering and Technology Tod, Luxor, 85842, Egypt

2Energy Research Laboratory, College of Engineering, Effat University, Jeddah, 271478, KSA
3pDepartment of Mathematics, Faculty of Science, Aswan University, Aswan, 81528, Egypt
*Department of Mathematics, Faculty of Science, King Khalid University, Abha, 61413, KSA

The main goal for this research is to investigate the effect of twe composed hybrid nanoparticle materials in
heat transfer with account several parameters and in two cases. In addition. exploring how the micropolar hybrid
nanofiuid (Cu—TiO,) behaves in a shrinking and expansion of the channel. The model considers external factors
such as magnetic fields. heat radiation, and solar radiation. The boundary layer approach has been utilized to
create transformations that pout the equations of the system in the dimensionless form. The shooting method
has been combined with the fourth-order Runge-Kutta-Gill to numerically solve the modified ordinary differential
equations. The impacts of the nanoparticles transport on the heat transfer and fluid flow are addressed, and
the results are compared to the case of pure water. The velocity. isotherms, angular-velocity, and concentration
distributions, are given in tables or graphs. It was found that the effect of heat on the hybrid nanofiuids is
directly proportional to its velocity and angular velocity. For mass fraction of the two nanofluids ¢; and ¢,. the
velocity profile /() has a comparable influence for both hybrid nanofluid and nanofiuid. The larger quantity of
the factors ¢,.¢;. M and Q enhance the temperature. For M. ¢; and «,. the angular velocity profile g(») has a
comparable influence for both hybrid and magnetic parameter. The absorption parameter storing the radiation
energy and augmentation of the solar irradiance immersion capacity leads to a greater heat transfer.

KEYWORDS: Hybrid Nanofluid, Micropolar, Heat Transfer, Thermal Radiation, Joule Heating.

1. INTRODUCTION

Many other researchers have studied micropolar fluid

Micropolar fluids are usually used in various processes,
including plastic sheet extrusion. paper manufacture. and
glass blowing.'** They are essential in hydrodynamic-
fluid problems because they are made up of tiny parti-
cles dispersed in a liquid with a random orientation and
have microstructures including nonsymmetrical stress sen-
sors. Eringen? was the first how proposed the principle
of micropolar fluids. Under the effect of a magnetic field
on micropolar fluid and heat flow in an annulus. the
entropy generation were summarized by Srinivasacharya
and Hima Bindu® A computational study of a micropo-
lar fluid flow associated with mass and heat transfer over
a stretching surface was conducted by Mabood et al®

*Author to whom comespondence should be addressed.
Email: momousa@ecatuniversity.cdu.sa

Received: 14 February 2022

Accepted: 17 Apnl 2022

flow researchers.”™? Ellahi et al.'* investigated nanofluid
flow associated with forced convection along a wedge
embedded in a porous medium. Akbarzadeh et al.™
have presented the problem of forced convection and
mnofluid flow within a wavy tube. Ellahi et al.?® reported
the problem of two-dimensional heat transfer associ-
ated with nanofluid flow close to the stagnation stage.
Sheikholeslami and Ganji'®'? studied the problem of
MHD nanofluid flow and convection heat in amidst
two parallel plates. Rahbari et al.'S studied the flow of
Hood via porous channels containing nanoparticles. Bhatti
et al.’? dd endoscopic research of peristaltic blood flow
through a uniform tube of Sisko fluid with Titanium
magneto-nanoparticles. The three-dimensional unsteady
MHD flow in the boundary layver under the effects of
coagulation (blood clot) and a changing magnetic field
on viscous nanofluid containing gyrotactic microorgan-
isms were investigated by Bhatti et al.? 2! Rashidi et al.?

I AR TICLE

738 £ Nanofiuids 2023. Vol. 12, No. 3

2169-432X/2023/12/738/007 doi:10.1166/jon.2023.1957
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Electrical Insulation and Cable Engineering 1
UDC 621.319 https://doi.org/10,20998/2074-272X,2024,3,.09
E. El Sherkawy, L.

. Nasrat, M, Rihan

The effect of thermal ageing on electrical and mechanical properties
of thermoplastic nanocomposite insulation of power high-voltage cables

Tius research explores the thermal ageing influence on the Low Density Polyethyiene (LDPE) dielectric properties, which is unlised as
electrical insulation in high-voliage cables. An accelerated thermal ageing test was done at four temperature ranges ranging from 25 °C’

to 120 °C to define the degree of material deterioration under thermal ageing and to prevent its failure. LDPE composite samples
made by adding aluminium axide (A1) inorgamic filler in two different grain xizes (nano and micra) with various concerntrations.
elffect of adding inorganic filler on the acceleration of the thermal ageing of the polymer was studicd by heating the samples for different
periods of time and measuring the dielectric sirength of the samples. The obtained results show that thermal ageing considerably affects
the clectrical properties of the material. The LDPEALQ, nanofiller sample has the highest diclectric strength value at different
temperatures. Thermogravimeric analysis was used 1o investigate the thermal characteristics of materials. The mechamcal characteristics
of LDPE polymer are studied wsing tensile strength and elongation at break rests. References 27, wable 4, figures 6.

Key words: low density polyethylene, nano filler, micro filler, diclectric strength, thermal ageing, thermogravimetric analysis,

." ooy ODOCHONCEHHT BUSUIC I GILTWN MCMINHOCO "o dieaex Iy BAUCTINSOCTH OOXIETTIACHY HUSOKOL wgasuocmi
(LDPE), RRuSt SUROPHCIOBYCIMBER AK CACKIMPUNHA [3O0RHIR Y SHCOKOGOALIINUX  KADEIRN. BunpoOyeannn Ha npuckopens mepmiinie
cmaptnnn OVIo BPOBeOeno & Omupsox menepamyprux. olanasonax wio 25 oo 120 °C. wob eu CVIING Py samepiany
npy mepsimomy  cmapinnl | sanodiemu ovo  axody 1 aady. Kosmozumud apasku LDPE Gvan aw
Nt‘l)[’ MANIUNOIO HANOENIORTNA 1 ()AL‘“(’\‘ CUTONINIO lrllv()y} T Onama ,)l e ,)(ILUI"XI\I" 7L")('ll Hano ma 7 ) ® 4 [’I i 5

Broane Aodaeannmn HE OO HANOBHIOGANA A TTPUCKOPC NN I"'.[l\"'ll"h O CIININ IN"’L"I.‘[I\ UGN AN oM Il(l-‘[)"f“’llllﬂ e lh‘ﬂ

MANE PIINLX 1y wacy ma ONEAERMPIHON AEROCIT IPEIRIE. CHMPUACINE PEIyanmantie ROKAIons, o mepmiane
COICPI NN (CTITOMNG BRI MO CACKIINT SIGCmueocnt priany. Ipason LDPE ALy mare naltGiamue eaienns
NCACKMPUINOT \NIHOCIT 30 PIINIS  mesney vp. Tepaosy i ananis PUCTHOBVEARCH OUR OOCTIONCEHNN  IIEPAMIUIX
XAPOARMEPUCINUN vcamepiania. Mexaniunt Xapaxmepucniens nomni; uqn LDPE M7 7 AE SUPPOTVEAN L 1 Ayicn
Ha poIpa ma nodoexcennn npu pospua, bioa. 27, tabn. 4, pue. 6

Kuovosr caosa: sonicrwren suuminsol mibinnocri, N
crapinus, repmorpanimerpusnn il ananis,

s mlenexipuann minuicrn, repmivne

Introduction.  Super  insulating  polymers  are The purpose of this paper was o determine
commonly employed in high voltage insulators, particularly whether ALO, nano- and micro-particles, which have
in high voltage cables. Thermal oxidation processes may been shown to improve the diclectric strength of LDPE
occur for the insulation layers in contact with the cable core composites, can maintain these electrical properties after
duc to the high working temperature of the cable (around  thermal ageing. To conduct thermal ageing tests, we
90 “C) because of loading or overloading for short durations, chose four different percentages of nano composites and
resulting 1o insulation degradation and even failure. As a four different percentages of micro composites. The
result, many researchers have been interested in the ageing  thermal properties of composites after thermal aguing
and insulating properties of polvmers in this environment were investigated using the thermogravimetric unul\ sis
[1, 2]. To create materials with better electrical and thermal  (TGA) test. The diclectric strength test was o
properties, nanofillers  were chosen 0 be added w0 evaluate the clectrical characteristics of I,l)l'l-.//\l;().
polyethylene due 1o the high surface arca presented to the  composites afler thermal ageing and the anti-thermal

61

matrix |3, 4]. Interestingly, with several weight percents of

nanoparticles, PE-based nanocomposite  can  promote
msulation properties effectively, which could be attributed to
the nanoparticle-matrix interface [ S, 6],

According 10 existing n:wauh on  polyethylene
insulating materials, filling nanoparticles can reduce the
creation of space charge and enhance the diclectric,
mechanical, and thermal propertics of polycthylene [7-9].
Numerous studies make use of inorganic liller oxides like
MgQO, SiO,, 110, BN, ete., as well as how the
improvement of polymer properties is impacted by the
grain size of the filler (nano or micro) [10-12]. When
evaluating  the future application of  polyethylene
nanocomposites, the extended service life of insulating
materials cannot be overlooked. Thermal ageing has been

shown to have a major impact on the gualitics of

polyethylene materials, with numerous modifications
possible, including variations in  physicochemical
parameters and microstructure [13]. During thermal
ageing, several oxygenated compounds of low molecular
weight may form in polyethylene, which may have a

major influence on  the space charge behavior of

polycthylene insulating material [ 14, 15).

ageing mechanism offered by nanoparticles.

Literature review. Thermal deterioration of LDPE
has been investigated. Chemical and e¢lectrical testings
were performed on LDPE plagues that had been thermally
stressed at high temperature (110 °C). Changes in the
imaginary component of the dielectric constant have been
connected  to contributions from  oxidation and
morphological changes inside polymers. This comparison
may serve as the starting point for the creation of non-
destructive methods for electrical measurements-based
polymer dingnostics [16, 17].

Nanoparticles  improve  the mm thermal  ageing
capability of PE-based nanocomposites. The three metal
oxides — magnesium oxide (MgO). zinc oxide (Zn0), and
silicon dioxide were combined to form nanocomposites
with a 1 wt.% concentration in cach. Fourier-transtorm
infrared spectra revealed that LDPE/MgO nano  filler
composites had the best anti-thermal ageing performance
when compared to LDPE/SIO, nanocomposites, which
had the worst using dielectric characteristics and space
charge dispersion. The capacity of nanocomposites to
maintain clectrical propertics was then investigated [ 18).

© E. El Sherkawy, .S Nasrat, M. Rihan
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Synthesis and Reactions of 3-Amino-5,6-Dimethyl-l,2,4-
Triazine: DFT Studies, ADME Assay, and Molecular Docking
on the new |,2,4-Triazine Derivatives as Anticancer Agents.

Aisha O. Hussain,' Aisha Y. Hassan,'”” Anhar Abdel-Aziem,” and Eman S. Abou-Amra*"®

Two effective one-pot synthesis procedures were proposed for
the synthesis of 3-amino-5,6-dimethyl-l,2 4-triazine under free
solvent conditions; these methods included fusing the mono-
hydrazide of biacetyl with either hyl bamimidothioate
(Method B) or cyanamide (Method C). Simple reaction con-
ditions, an easy work-up process, and facile separation charac-
terize the ecologically friendly fusion process used in techni-
ques B and C. The results from methods B and C indicated the
existence of amino-imino prototropic tautomerism. The triazine
in method C had a different melting point and had unusual
mass spectral behavior, suggesting that it was in the imino-
tautomer form, as opposed to the amino-tautomer form

triazine derivatives (3-12), with yields ranging from 54% to
82%. To characterize the structure of the newly synthesized
compounds, 'H, ""C-NMR, and mass spectrometry were em-
ployed. The compounds that were created underwent testing at
the National Cancer Institute. According to the screening
results, conjugates 9 and 10 were successful against most of
the cancer cell line subpanels. With the use of DFT, we
conducted theoretical studies on compounds 9 and 10.
Topological studies, including ELF, LOL. and RDG, were used to
identify the main binding sites and weak interactions of the
target derlvatives. The synthesized compounds that have
ptomlsmg properties are subjected to a pharmacological

discovered in procedure B, The strong electron-withdrawi
activity of the triazine ring appears to deactivate the S-amlno
group, which in turn triggers the production of additional

1. Introduction

Among the three potential isomers of the six-membered ring
holding three nitrogens is 1,2,4-triazine. The previous name for
this system was as-triazines (asymmetric triazines). The use of
1,2 4-triazine rings as scaffolding for a wide range of naturally
occurring and artificially produced biologically active com-
pounds is only one of their numerous pharmacological effects.
These rings are particularly effective as antiviral,'”
antimicrobial,” ¥ anticancer,** antifungal,”’ anti-AIDS agents,™
CRF receptor antagonists,'” and anti-inflammatory agents."” For
several pharmacological actions, the (-N=C-N=N-) sequence of
the 1,2.4-triazine ring proved essential. Synthesis derivatives of
1.2.4-triazine have also increased dramatically in recent years.
Various phases of in vitro, in vivo, and clinical studies are now
underway for new drugs. Because of its widespread biological
action, this class of compounds has recently attracted a lot of
attention. The following enzymes may be inhibited by 1,2,4-
triazine derivatives: EGFR, carbonic anhydrase (IX & Xll), cyclin-
dependent kinase, and SYK.'" The triazine ring structure is
shared by several naturally occurring antibiotics, including

[a] A O, Hussain, A. Y. Hassan, A, Abdel-Aziem, E. 5. Abou-Amra
Department of Chemistry, Faculty of Science (Girl’s Branch), Al-Azhar
University, P.O. Box 11754, Yousef Abbas Street, Nasr City, Cairo, Egypt
E-mail: emansadek.59%@azhar.edu.eg
eman.sadek 161 2@agmail.com
& Supporting information for this article is available on the WWW under
https//dol.org/10.1002/5K1.202400422

ChemistrySelect 2024, 9, @202400422 (1 of 22)

ion using Swiss-ADME. Cox-1 (PDB ID: 3KK6) is the
target of molecular docking experiments that aim to identify
the anticancer active site of the derivatives of interest.

fervenulin, toxoflavin, and reumycin. Pymetrozine, 6-azauracil,
tirapazamine, dihydromethyl azaribine, vardenafil, apazone,
furalazine, lamotrigine, ceftriaxone, and G-azacytosine are all
medications that have a 1,2 4-triazine moiety (Figure 1).

In a recent article, we utilize the target 3-amino-5,6-
dimethyl-1,2,4-triazine (1) to synthesize further triazine deriva-
tives. Based on the strategy described by Erickson, John G, in
1952,"%  3-amino-5,6-dimethyl-1,2 4-triazine was synthesized
from 1,2-dicarbonyl compounds using specific aminoguanidine
salts (Scheme 1, Method A). Herein, we present two efficient
one-pot synthesis methods of 3-amino-5.6-dimethyl-1,2,4-
triazine (1). One method combines the monochydrazide of
biacetyl with methyl carbamimidothioate (Scheme 1, Method
B), while the other uses cyanamide (Scheme 1, Method C). Both
methods are carried out via fusion technique under free solvent
conditions, and they are in line with our ongoing interest in
developing eco-friendly organic synthesis for heterocycles,'* '™
When it comes to determining a wide range of molecular
characteristics, density functional theory (DFT) methods, partic-
ularly those using hybrid functional, have matured into a potent
and dependable approach. By conducting frontier molecular
orbital (FMO) studies and analyzing HOMO and LUMO states,
details about the molecule’s internal charge transfer may be
revealed.” Utilizing the molecular electrostatic potential (MEP),
electron localization function (ELF), and localized orbital locator
(LOL),"” performed using the Gaussian09 W, GaussView6, and
Multiwfn software, the electron distribution, and the identifica-
tion of active nucleophilic and electrophilic sites of the targeted
compound were examined. Researchers used reduced density

© 2024 Wiley-VCH GmbH
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Dioxomolybdenum(VI) and oxovanadium(IV) organo-complexes of €7

tartrato-dihydrazone ligand as reactive antitumor and antimicrobial agents.

ctDNA interactive nature
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ABSTRACT

Keywnrds

Turtrato-dihydrmrone
dloxomolybdenum (V1)
axovanedjun (1V)
Antitumor-antimicrobind studies
CHONA interactive modes

Form the condensed > C « O of salicyldehyde with -NH; of tartric dihy , 0 new bis
tartrato-dihydrazone ligand (HTL) was constructed. Due to the high applicability of metal aryl/aroyl-hydrazone
complexes, its ligational behavior versns two high valent dioxo/oxo-metal ions of MoO$™ and VO'* jons was
explared to build up two new organo-dimetallic complexes (MoOLTL and VOTL, respectively). Chemical strue-
ture elucidation of HTL, MoO,TL, and VOTL was formulated through the analyses of different spectroscopic
tools, along with the thermogravimetric and micro elemental analyses, the conductance and magnetic
meagurements.

The inhibitlon strength of the current compounds against the growth of various entitled microorganisms and
cumor cell lines of humans was evaluated regarding the role action of the bigh valent metal lons (MoO3 ™ and
VO** jons in their metallodrug candidates). Both MoOSTL and VOTL displayed a significant inhibition action
more than that of HTL based on the inhibition zone arens in mm for the microbial series and the half inhibitory
concenteation in pM (ICsq) for the tumeor cell lines of their cells’ growth,

Also, the intersctive and binding nature of HTL, MoO,TL, and VOTL with calf thymus DNA (ctDNA) was
evaluated viscometric and spectrophiotometric titrations. The interactive modes of HTL, MoO,TL, and VOTL was
estimated within the chromism type, the Gibb's free energy, and binding constant values (AG, and Ky,
respectively), with reported magnitudes AG] (Gibl's free energy) = -42.06, ~48.11 and ~47.67 kI mol~', and
Ky (binding constant) = 14.09, 17.11 and 16.8¢ « 10" mol ' dm”, respectively, The bio-reactivity of both
MoO;TL and VOTL lexes was modified d to that of HTL towards ¢tDNA with covalent/non-covalent
and replacement binding interaction,

1. Introduction

The per in the

antimicrobials are directed towards the use of antibiotic transition metal
compounds |7 |. The resent trend in the chemical antibiotics interests are
transition metal-based imicrobial | ( llodrugs) with

of microbes

is growing up against most antibiotic drugs, Such modification in the
drug resistance is a serious matter for the worldwide spread diseases.
Consequently, design and construction of new drug-candidates, as
highly effective antibiotics, are the most impartant demand for the
clinical trials [1l. Currently, the clinical development for new

* Corresponding authors,

marvelous role of the transition metals through the theory of Tweedy’s
chelating effect with enhancing their electronegative, Lewis acidic, and
lipophilic lincaments | 7]

Moreover, numerous antitumor drugs have been modified with
progressed selectivity and ineffectiveness of the proliferative action of

E-mail addresses: madamik o, edis s, mobamed thaker@science sabiag ede.eg (MS.S, Adam), mynassarddhiu edu ss (M.Y. Nassar),
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Abstract: Low -density polyethylene (LDPE) metal oxide nanocomposites are used as high-voltage insulation in AC
cables to reduce space charging and other issues. Nanoparticles such as SiOz, MgO, and ZnO are used as fillers in
polyethylene matrix to achieve good electrical, thermal, and mechanical properties such as space charge reduction,
increased surface and volume resistance, and high dielectric stress bearing capabilities. LDPE/ALO; compounds are
prepared at concentrations of 1%, 39, 5%, and 7% for nanofillers and at concentrations of 109, 20%, 30%, and 40% for
micro fillers. The dielectric strength of the LDPE/AL:Os sample was measured at different temperatures to determine the
effect of temperature on the dielectric strength value. To check the various properties of the samples, the tensile strength
test has been applied. The Whale Optimization Algorithm (WOA) was used to calculate the optimal AlOs filler
percentage for the best dielectric strength value,

Keywords: Low Density Polyethylene, Micro and Nano Fillers, Dielectric Strength, Thermal Effect, tensile strength,
Whale Optimization Algorithm (WOA)

INTRODUCTION

Electrical equipment with power ratings ranging from small to hundreds of megawatts is made up of various
insulating and dielectric materials. The proper choice of insulating material is determined by a variety of factors, including
dielectric strength, permittivity, arc resistance, thermal conductivity, thermal coefficient of expansion, chemical resistance
to corrosion, and so on. Recently, the development and application of nano fillers in electrical insulation have gained
popularity. Polymer nanocomposites with small amounts of well dispersed nanoparticles have an advantage over
conventional composites [1-3].

Nowadays, the most common inorganic fillers in LDPE are SiOz, ZnO, MgO, BiFeOy, and TiO:z nanoparticles.
Currently, several studies seek to dope inorganic materials with structure or property in order to increase the dielectric
characteristics of LDPE [4-6]. One promising strategy for creating new polymer composites with improved mechanical,
electrical. and thermal properties is to incorporate a small number of nanoparticles into the polymer system [7-9].

The cable conductor temperature rises because the heat produced by conductors takes time to dissipate. In practical
operation, the operating temperature of cables is always below a safe value to minimize thermally related insulation
degradation [10-12]. Heat is thought to be one of the most damaging environmental factors that cause cable insulation to
deteriorate, according to the findings of multiple investigations [13-15].

This research aims to investigate, analyze, and document the impact of micro- and nano- Al Oy fillers on the
electrical and mechanical properties of LDPE insulators. Curve-fitting solutions were used to provide interpolated values

Copyright © 2024 The Author(s): This Is an open-access article distributed under the terms of the Creative Commons Arttribution
4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non
commercial use provided the original author and source are credited.
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