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Abstract:

This review provides a brief literature survey on enhanced heat transfer research published in the
English language journals in 2020. A topic search containing either “heat transfer” or “heat
transport” or “thermal transport” in the Web of Science resulted in over 28,000 papers published
in 2020 and nearly 30% were relevant to heat transfer intensification, which indicates the
importance and rapid development of heat transfer enhancement technologies. The chosen studies
focus on various heat transfer enhancement research categorized into conduction, convection,
radiation, boiling and condensation, energy storage, thermal management, and cross research
involving two or more categories. Heat conduction papers are selected from the micro/nanoscale
areas with a focus on interfacial phenomena. Important active, passive, and compound techniques

for enhancing convective heat transfer are incorporated. Thermal radiation is concentrated on near-



field radiation and solar energy. Heat transfer enhancement in boiling and condensation as well as
in thermal energy storage, renewable and sustainable energy, and thermal management of
electronics and high-end equipment is critical in many engineering applications. From the selected
literature published in 2020, significant attempts have been made to research and development on
heat transfer enhancement technology covering both conventional and emerging techniques. The
prospects of the heat transfer enhancement research are reflected according to the literature survey.
Research of innovative heat transfer enhancement techniques is immense, encompassing every
aspect from understanding the fundamental theory and physical mechanisms of various heat
transfer enhancement techniques to their applications. Research of emerging techniques using new
interfacial materials, nanofluids, micro- and nano-structures, microchannels, and new compound
enhancement techniques incorporating conventional and new techniques becomes popular.
However, there are big challenges in understanding the mechanisms, engineering design
methodology and applications with these emerging techniques. Many aspects are urgently needed
to be investigated and developed to achieve systematic theory, mechanisms and design
methodology for applications in thermal processes, energy storage, renewable energy,
decarbonized heating and cooling and many industrial and civil sectors.

Keywords: Heat transfer, Enhancement, Energy storage, Solar energy, Phase change, Boiling,

Condensation, Nanoscale, Interface, Thermal management, Heat exchanger, Device.

1. Introduction

Heat transfer enhancement (HTE) or augmentation or intensification means the improvement of
thermal performance of any heat transfer process, heat exchanging medium, thermal component,

heat transfer device, heating/cooling equipment, or thermodynamic system. Following the brief



reviews conducted in the past (Guo, 2019; Guo et al., 2020) on heat transfer intensification
literature, the present review continues to circumscribe the heat transfer augmentation papers
published in archival journals in English language in the single year 2020. Considerable effort has
been devoted to research on heat and mass transfer intensification and the publication amount is
huge; thus, selection is unavoidable. Nevertheless, the authors tried to cover a wide range of areas
related to the subject of enhanced heat transfer, namely active, passive and compound techniques
in convective heat transfer, interfacial heat conduction, near-field radiation and solar energy,
boiling and condensation heat transfer, energy storage, electronics thermal management, process

heat transfer, and high-performance heat-exchange devices, etc.

A topic search in the Web of Science with keywords either “heat transfer” or “heat transport”
or “thermal transport” conducted on April 5, 2021 returned 28,437 papers published and recorded
in the database of the Web of Science in 2020. A further search refinement containing words either
“enhancement”, or “augmentation”, or “intensification”, or “enhanced”, or “augmented”, or
“intensified” resulted in 8,429 papers relevant to enhanced heat transfer published in 2020,
representing a ratio of 29.64% heat transfer augmentation to general heat transfer. Table 1 lists the
yearly paper number data in heat transfer and heat transfer enhancement, respectively, acquired
from such topic searches in the past two decades from 2001 to 2020. It also compares the yearly
increase percentage rate as well as the paper percentage ratio of heat transfer enhancement among
heat transfer research. The table shows that the publications on heat transfer and enhanced heat
transfer are soaring year by year, though a slight declination was noticed in 2002, 2013, and 2020,
respectively, as compared with prior year. The decrease in 2020 could be attributed to the delay of
data recording in the database. The enhancement-related paper ratio is steadily increasing from a

bit over 10% in 2001 to cross the line of 20% in 2015 and reaches nearly 30% in 2020. This



indicates that the demand of research on enhanced heat transfer has been increasing. Certainly,
heat transfer enhancement is now a crucial area of research and development in thermal
management of data center, electronic cooling, energy storage and generation, power industry,
manufacturing, building technology, transportation, aerospace and defense technologies, and
many other engineering areas.

Table 1. Yearly number of papers on heat transfer and enhanced heat transfer indexed in the
Web of Science in the past 20 years.

Year HT" HT yearly HTE™ HTE yearly | HTE/HT (%)
increase (%) increase (%)
2001 6716 7.56 800 12.99 11.91
2002 6659 -0.85 767 -4.13 11.52
2003 7449 11.86 904 17.86 12.14
2004 7907 6.15 971 7.41 12.28
2005 9193 16.26 1195 23.07 13.00
2006 9387 2.11 1225 2.51 13.05
2007 10399 10.78 1443 17.80 13.88
2008 11354 9.18 1665 15.38 14.66
2009 12744 12.24 1955 17.42 15.34
2010 13451 5.55 2158 10.38 16.04
2011 14257 5.99 2392 11.08 16.78
2012 16259 14.04 2974 24.33 18.29
2013 16004 -1.57 3014 1.34 18.83
2014 18597 16.20 3674 21.89 19.76
2015 19881 6.90 4031 9.71 20.28
2016 22651 13.93 5055 25.40 22.32
2017 25410 12.18 5922 17.15 23.30
2018 25553 0.56 6347 7.18 24.84
2019 28836 12.84 7601 19.76 26.36
2020 28437 -1.30 8429 10.89 29.64

*Topic search results containing keywords either “heat transfer” or “heat transport” or “thermal transport”.
**HT search results further containing keywords either “enhancement” or “augmentation” or “intensification” or “enhanced” or “augmented” or

“intensified.

2. Heat Conduction

This section succinctly reviews the literature for heat conduction augmentation in the

micro/nanoscale with a focus on nanoscale and interfacial heat transfer. The rapid development of



modern technology demands heterogeneous integration at the micro/nanoscale to create advanced
functionalities and manufacturing. An interface between dissimilar materials can impede or
augment heat transfer due to mismatch or match of phonon transport spectra across the interface.
In general, interface is an unwanted impediment to heat dissipation in a plethora of highly
integrated electronics and high-power devices. On the other hand, nanostructured materials to
obtain ultra-low thermal conductivity has proven to be extremely attractive for numerous
applications such as thermoelectric energy conversion, thermal management and insulation.
Therefore, interfacial thermal transport is leading to fundamental challenges for the design and
implementation of advanced nanostructures for energy conversion, computation, and data storage,
to name a few. The lattice thermal conductivity, particularly in semiconductors and insulators, is
a key thermophysical property that determines the usability and functionality of advanced
materials.

Lattice heat conduction can be modulated via nanostructure interfaces. Hu et al. (2020Db)
reported the machine-learning-optimized aperiodic superlattice for modulating phonon transport,
the thermal conductivity of the GaAs/AlAs aperiodic superlattice is significantly lower than the
periodic superlattice due to enhanced phonon localization. The aperiodic interference of coherent
phonons gives a new way for controllability and understanding of phonon engineering to further
suppress or enhance the thermal conductivities of various nanostructured materials. Another
machine learning based work focusing on localization of phonons in Si/Ge aperiodic superlattices
was reported by Chowdhury et al. (2020). The trend between thermal conductivity and randomness
of multilayers was revealed - the scattering of incoherent phonons at interfaces is less, the room
for randomization becomes less, and these put more coherent phonons out of Anderson localization

and cause increased thermal conductivity.



Dai and Tian (2020) developed an anharmonic atomistic Green’s function (AGF) model to
incorporate anharmonicity at Si/Ge interfaces in three-dimensional structures rigorously, building
in both harmonic and anharmonic first-principles force constants into the AGF without any fitting
parameters. Huang and Guo (2020) used ab initio phonon Boltzmann transport equations to
investigate lattice vibrational properties of diamond, c-BN, and Si. High thermal conductance
across c-BN/diamond interface was reported, the interfacial thermal conductance of c-
BN/diamond was ten-fold of Si/diamond; besides, the thermal conductance across Si/c-BN
interface was 20.2% larger than that of Si/diamond at 300 K and 18.9% larger at 340 K. Wei et al.
(2020b) announced significant enhancement of thermal boundary conductance in graphite/Al
interface by ion intercalation; it was found that the phonon transmission from the intercalated
graphite to Al significantly decreased with increasing Li-ion concentration. Wu et al. (2020b)
investigated thermal conductance across graphene/MoS; van der Waals heterostructures via the
first principles and molecular dynamics (MD) simulations. According to their calculations, the
thermal conductance across the graphene/MoS; interface was 8.95 MWm2 K™ at 300 K and
the interfacial thermal conductance increased with temperature and the interface coupling strength.

Lee et al. (2020b) achieved a record-high thermal conductivity (101.7 Wm™K1) among
soft isotropic thermal interface materials, mediated by the covalent bonding between hydroxyl
groups of multiwalled carbon nanotubes (MWNTS) and ester groups of soft epoxy (SE) matrix.
The solid interface was achieved by the coalescence between Ag flakes and Ag nanoparticles pre-
functionalized on MWNTSs (nAgMWNTSs). The thermal conductivity in SE matrix was 11,300%
greater than that in silicone rubber matrix. The soft isotropic nAgMWNT—-Ag flake—SE thermal
interface material showed good heat dissipation performance of a cellular phone application

processor. Lu et al. (2020b) demonstrated the thermal conductance enhanced by atomic vacancies



at Cu/Si interfaces, and used nonequilibrium MD simulations to determine the impact of interfacial
atomic vacancies on thermal transport across a Cu/Si junction. In contrast to the reduction in
thermal transport typically seen with bulk defects, the authors found that by introducing atomic
vacancies at a concentration of 6.3% near the interface in either or both materials, the interfacial
thermal conductance could be increased by up to 76%. Furthermore, the phonon density of states
and normal mode decomposition revealed that the increase of interfacial thermal conductance
originated primarily from optical phonons, supported by enhanced inelastic phonon transport
which contributes to more than 60% of the increase.

Beardo et al. (2020) have detailed a multiscale hydrodynamic heat transport model that is
able to predict frequency-domain thermoreflectance experimental measurements using ab initio
calculated parameters. They tried to identify the resistive effects at the interface between a metal
transducer and a silicon substrate. In contrast to previous interpretations based on an effective
Fourier framework, by capturing the nonequilibrium effects induced by the interface and the
nonhomogeneous heating, the model could reproduce both the amplitude of the temperature
oscillations and the phase shift with the same set of geometry and frequency-independent
coefficients. They found the hydrodynamic modes of thermal transport analogous to pressure- and
shear-wave propagation in viscoelastic media. Bonomo et al. (2020) investigated the role of remote
interface polar phonon modes on the electronic transport properties of dimensionally confined
diamond structures. Their results showed that the hole scattering from remote polar phonons
dominated, representing a fundamental contribution in the reduction of hole mobility and affording
a more complete picture of the involved contributions. Sandell et al. (2020) compared three types
of metal-polymer interfaces including Au/PMMA/Si, Au/Ti/PMMA/Si, and Au/Ni/PMMA/SI.

They used the frequency-domain thermoreflectance technique to measure the effective thermal



conductivity of the polymer film and then extracted the metal-polymer thermal boundary
conductance.

The demand for polymers with high thermal conductivity is increasing due to their low
density, low cost, flexibility, and good environmental resistance. In general, polymers have low
thermal conductivity, and filling with high thermal conductivity nanofillers is a traditional method
for enhancement of thermal conductivity. As Xu et al. (2000a) pointed out, however, increasing
the intrinsic thermal conductivity of polymers is more paramount. Xu et al. (2000a) provided the
first review on the mechanism of increasing polymer thermal conductivity by intrinsic structure
tailoring: crystallinity, orientation of the crystallites, crystalline grain size, and alignment of the
molecular chain in the amorphous region. Accurate thermal characterization methods were also
reviewed for these structure-tailored polymers in low dimensions.

Wourtzite GaN, which has a wide band gap and can be epitaxially grown on diamond, is
often used as the basic component in high-power electronics. Inherent to the growth of GaN-on-
diamond devices, an epilayer layer is used to fabricate the GaN and diamond in order to obtain
high-quality interface. Nanoscale epilayer placed between the GaN substance and the diamond cap
facilitates growth of diamond on GaN and reduces the defects at the near-junction of
heterostructure, which can contribute significantly to the overall thermal transport. Waller et al.
(2020) implemented a weakly bonded interface model to predict the intrinsic interfacial resistance
of GaN-on-diamond, with transient thermoreflectance measurements used for experimental
confirmation. Without an interlayer, diamond only formed a weak van der Waals bond to GaN and
the thermal boundary resistance was seven times higher than for GaN-on-diamond which included
a silicon nitride interlayer, negating the heat spreading benefit of diamond. Therefore, a strong

bond is crucial for the successful heterogeneous integration of GaN and diamond. Cheng et al.



(2020a) reported the temperature dependence of the measured interfacial thermal conductance of
the room-temperature bonded GaN/diamond interfaces. They showed that the thermal boundary
resistance in a 4.2 nm thick Si interlayer reached m>KMW-, which was 74% lower than that in a
13 nm thick Si interlayer. Song et al. (2020a) examined the epilayer thickness effect through
combining finite element simulation with calculation using a semi-classical phonon transport
model. They found that with increasing GaN layer thickness, the device thermal resistance
monotonically decreased until it reached a minimum at GaN thickness of ~3.6 um and
GaN/diamond thickness of ~5.8 um.

The electrochemical intercalation of metal ions into layered materials is an innovative
approach to actively and reversely regulate the thermal transport properties of layered materials.
Field et al. (2020) concluded that replacing the amorphous interlayer with a higher thermal
conductivity crystalline material would reduce the thermal boundary resistance of GaN-on-
diamond devices. Diamond was directly grown onto an Alo32GaoesN interlayer integrated into a
GaN/AlGaN device epitaxy. For the low Al content AlGaN interlayers, it was shown to be
advantageous to include a SiC layer, which significantly improved heat transport from GaN to the
diamond cap by avoiding defects near the interface.

In addition, interfacial thermal transport may involve multiple fundamental transport
mechanisms, including inelastic phonon transport across the interface, and electron—phonon
coupling in the metal and across the interface. Zhou et al. (2020b) quantified the impact of
electron—phonon interactions on heat transport by using a modified transient thermal grating
technique. The enhanced phonon scattering by photoexcited free carriers resulted in a substantial
reduction in thermal conductivity on a nanosecond timescale. It provided direct experimental

evidence of the elusive role of electron—-phonon interaction in phonon heat transport, which is



important for understanding heat conduction in doped semiconductors. Cheng et al. (2020Db)
provided a systematical benchmark study of interfacial thermal conductance across well-controlled
epitaxial Al/sapphire interfaces. Their results showed that elastic phonon scattering dominated
interfacial thermal transport, while inelastic phonon scattering and electron—phonon coupling had
negligible effects. Oommen and Pisana (2020) showed that the insertion of a tantalum interlayer
at the Al/Si and Al/sapphire interfaces strongly hindered the phonon transmission across these
boundaries. The thickness-dependent thermal boundary conductance in Al/Si and Al/sapphire
changed significantly within the initial few nanometers and reached saturation before ~5 nm on
the addition of Ni and Ta interlayers. When the interlayer has a stronger electron—phonon coupling
constant, the evolution of thermal boundary conductance is sooner.

Ma and Zhang (2020) studied the interface thermal conductance of Crg22Nio7s/MgO and
Cro.22Nio.78/Al203 interfaces through the non-equilibrium MD simulation. They found that the
thermal conductance enhanced by 3 and 2.4 times, respectively, by introducing an ultrathin Cu
nano-interlayer. Ridley and Dyson (2020) addressed the phenomenon of mode-mixing in the
acoustic and optical branches of the vibrational modes of I11-V compounds, and its effect on the
electron—phonon interaction. The valency-force-fields based model was employed to give a lattice
dynamics description of the phenomenon of mode-mixing in the acoustic and optical branches of
the vibrational modes of the diamond lattice. Evangeli et al. (2020) found that the interface thermal
resistance decreased with increasing disorder in graphene/SiO; interface. The relative change of
the momentum scattering rate increased with increasing disorder due to the increased electron—
phonon scattering rate. It has been shown that disorder was important for electron cooling in

graphene through disorder-assisted electron-phonon scattering, particularly via the super-collision

10



process. This has direct implications for the performance of graphene interconnects for next-

generation electronics.

3. Convection

Convective heat transfer enhancement is categorized into passive, active and compound techniques
which cover solid surface modification, additional device, inserts, additives, functional fluids,
external actions and combined methods. Emerging heat transfer enhancement techniques are fast
developed due to the urgent needs for highly efficient heat transfer and zero-carbon technologies.
Experimental investigations, numerical simulations and analyses of the heat transfer enhancement
mechanisms have been conducted. Convective heat transfer enhancement in high-performance
heat exchangers is of great practical significance for large-scale industrial applications including
refrigeration, power plants, chemical processing and cooling of gas turbine and internal

combustion engine.

3.1 Passive Techniques

3.1.1 Surface modification

Surface modification techniques here include use of extended surfaces or fins, treated surfaces and
rough surfaces etc. Sharma et al. (2020) conducted experimental investigation on enhanced heat
transfer and flow features in a duct mounted with various ribs of square, pentagonal, trapezium
and truncated prismatic configurations and explained the fundamental heat transfer mechanisms
according to the experimental results. Sadeghianjahromi et al. (2020) performed 3D turbulent flow
numerical simulations to study heat transfer and flow friction characteristics of louver fin-and-tube

heat exchangers and optimized the parameters of the heat exchangers. Chen et al. (2020Db)
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experimentally investigated the heat transfer characteristics of gravity heat pipes with internal
helical microfins in comparison with smooth gravity heat pipes. Kewalramani et al. (2020)
conducted experimental and numerical studies on the thermohydraulic characteristics of heat sinks
with short micro pin fin (height of fin shorter than the total height of heat sink) of different shapes
(square and elliptical) and different arrangements (interrupted and staggered) using deionized
water as the coolant. Boussoukaia et al. (2020) investigated the fractalization of convective flow
upon vertical grooved disc/air interface under various uniform heat fluxes. Both the shadowgraph
technique and image processing were employed to give a qualitative view of the development of
these instabilities and quantitative measurements, respectively. Mitrovic (2020) conducted
experimental studies on heat transfer and pressure drop during forced convection of air and liquid
ethylene glycol in pipes with inner fins. The heat transfer coefficients of the finned tubes obtained
with these liquids were higher by a factor of 3 to 8 compared to plain tubes, which was caused by
efficient secondary flows between adjacent fins and interaction with the vortex core flow in the
middle of the tube. Haridas et al. (2020) experimentally investigated the thermal performance of
wavy channels under laminar flow conditions using a typical Mach-Zehnder interferometer and
qualitatively and quantitatively analyzed the local and average profiles of the thermal boundary
layer thickness and heat transfer rates. Abbas and Wang (2020) experimentally and numerically
investigated the effect of fin displacement between alternate fins of plate-fin heat sink for heat
transfer enhancement in cooling electronic devices under natural convection conditions. The
effects of fin spacing, length, height, and heat flux on the heat sink performance subject to fin
displacement were also studied. Kiwan et al. (2020) conducted an experimental investigation of
the natural convection heat transfer from a vertical cylinder using porous fins under constant heat

flux, steady-state and natural convection conditions; and clear enhancement of heat transfer using
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porous fins had been obtained. Akbarzadeh and Valipour (2020) conducted an experimental study
on the heat transfer augmentation in nine different helically corrugated absorber tubes under the
non-uniform heat flux. The thermal performance and heat transfer were considerably increased in
the corrugated absorber tubes and the roughness height and pitch ratio had a significant effect on
the performance. Hsieh et al. (2020) conducted experimental studies of heat transfer enhancement
on a variety of roughened microchannels for a laminar flow at low Reynolds numbers with
deionized water as the cooling fluid. Five different discrete roughened surfaces, which were
circular, square, triangular, elliptical, and hexagonal in shape, were used in the test channels with
a channel cross-sectional area aspect (height to width) ratio of 0.25. Zhou et al. (2020a) conducted
experimental and numerical investigations on heat transfer enhancement by different shapes of
micropillars of square (type A), circle (type B), fan-shaped (type C), drop-shaped (type D) and
irregular drop-shaped (type E) embedded in microchannel heat exchangers. Higher thermal
performance values were observed for type D and E micropillars, indicating better heat transfer
performance of the microchannel heat exchangers under the test conditions. Li et al. (2020c)
investigated heat transfer intensification, entropy generation and temperature uniformity analyses
of shark-skin bionic modified microchannel heat sink. The flow structures and heat transfer
characteristics of water-cooled microchannel heat sink modified by the proposed devices were
investigated in laminar flow regime. Hassan et al. (2020) conducted a numerical study on the heat
transfer enhancement and pressure drop inside deep dimpled tubes. The effects of the various
configuration of dimples comprising three different pitches, diameters, and depths of dimples
resulting in twenty-seven configurations were investigated. Zhang et al. (2020e) conducted
experimental and numerical investigations of natural convection heat transfer of air in W-type fin

arrays; and found that the air input was effectively increased in the direction perpendicular to the

13


https://link.springer.com/article/10.1007%2Fs10973-020-09385-5#auth-Sanaz-Akbarzadeh
https://link.springer.com/article/10.1007%2Fs10973-020-09385-5#auth-Mohammad_Sadegh-Valipour
https://www.sciencedirect.com/science/article/pii/S0735193320300117?casa_token=G-N7E-IadUoAAAAA:ykEle9jNhGo5hm0YEjXg5GSi1Cyz-Kcdri_QwfpFSjrtzBy2oyunYoLvRqFyyI3OGlpCGSxc_yk#!

substrate, leading to smaller thermal resistance, while the intersection angle between the direction
of velocity and the temperature gradient was reduced. Ho et al. (2020b) conducted an experimental
study of two additively-manufactured metallic porous lattice heat exchangers for air-side heat
transfer enhancement. These new porous lattice structures had enhanced the thermal performance
of the heat exchanger with no penalty in pumping power. Lu etal. (2020a) numerically investigated
the effects of surface roughness in microchannel with passive heat transfer enhancement structures
of square channel, wavy channel and dimpled channel under laminar flow and heat transfer
conditions. Li et al. (2020b) proposed to arrange the winglets radiantly around the tubes on the fin
to enhance the airside heat transfer in fin-and-tube heat exchanger. The airside flow and heat
transfer characteristics were numerically investigated and the position and the geometric
dimensions of the vortex generators were optimized. Chen et al. (2020a) experimentally and
numerically investigated the heat transfer and resistance performance of heat exchangers with
symmetric, asymmetric and helical corrugated tubes. The results demonstrated that the heat
transfer and resistance performances of each corrugated tube on the shell side were better than
those on the tube side. They analyzed the mechanisms of thermodynamics and fluid flow in the

enhanced tubes.

3.1.2 Devices, inserts, and coiled tubes

Zheng et al. (2020b) presented a review on single-phase convective heat transfer enhancement
based on multi-longitudinal vortices in heat exchanger tubes. Various techniques such as artificial
roughness, special-shaped tubes, multiple swirl devices, and longitudinal vortex generators that
can construct the flow pattern of multi-longitudinal vortices were summarized and some new
perspectives on the existing research gaps, challenging, and future research directions had been

provided for the development of enhanced heat transfer techniques by generating multi-
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longitudinal vortices in heat exchanger tubes in their review. Chu et al. (2020) experimentally
investigated the thermo-hydraulic performance of tubes with various twisted tapes in the turbulent
transition region and analyzed the heat transfer enhancement performance. Liu and Wang (2020)
numerically simulated the vortex motion and decay characteristics in a gas-liquid two-phase swirl
flow induced by a short twisted tape and proposed two parameters to quantitatively describe the
decay in a two-phase swirl flow. Their results showed that two corotating helical vortices appeared
and remained in the swirling flow, and these vortices significantly influenced liquid distribution.
Jiang et al. (2020) proposed a new type named symmetrical capsule plate heat exchanger based on
the idea of counter-rotating vortices and numerically studied the heat transfer enhancement and
the influences of capsule geometries. Counter-rotating vortices generating in the channels
promoted the swirl flow and disturbed the boundary layer. Both fluid impingement and the vortices
dominated the heat transfer augmentation, which became much stronger under smaller capsule,
resulting in higher heat transfer coefficient (HTC). Nakhchi et al. (2020) performed an
experimental study on the heat transfer characteristics and friction factors of fluid flow through a
heat exchanger tube equipped with double-cut twisted tapes with different cut ratios using water
as the working fluid under turbulent flow and concluded that using the double-cut twisted tapes
was an effective technique to augment heat transfer in a heat exchanger tube. Park (2020)
numerically investigated the effects of the self-sustained oscillating motion of flexible vortex
generators on heat transfer. The wall-mounted flexible flag with an inclination angle was used to
promote the fluid mixing and increase the heat transfer without much increasing the energy loss.
Zhang et al. (2020f) investigated the effects of the configuration of two rectangular winglet vortex
generators including parallel type and V-shaped type on turbulent heat transfer enhancement in

circular tubes. Mohammadshahi et al. (2020a) conducted experimental and numerical studies on
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flow characteristics and heat transfer of a double-feedback fluidic oscillator in a channel. A
comparison with a free jet revealed that the oscillating jet in a channel is useful in terms of covering
a larger area. Mohammadshahi et al. (2020b) studied vortex-induced vibration characteristics and
heat transfer mechanism of an oscillating plate attached to a cylinder in a constant-temperature
channel. Kumar et al. (2020a) experimentally studied the performance enhancement by perforated
twisted tape tube insert with single and double V cuts in a heat exchanger tube under turbulent
conditions and compared the performance of a heat exchanger tube fitted with perforated twisted
tape insert having single and double V cuts. Ke et al. (2020) enhanced heat transfer by out-of-
phase self-vibration through fluid-structure interaction and performed a numerical simulation of
fluid-structure interaction effects on vortex dynamics and heat transfer in a rectangular channel
with two plates mounted symmetrically across from one another on two channel walls. Heat
transfer enhancement technologies through geometry modification in the heat exchanger are
grouped into three categories: tube inserts, fins, helical baffles. Promvonge and Skullong (2020)
carried out experimental work to evaluate the thermo-hydraulic performance of a heat exchanger
tube inserted with two types of V-shaped winglet vortex generators (V-WVGs): 45° V-shaped
rectangular- and delta- winglets of different configurations in turbulence region. They found
superior heat transfer enhancement (4.58-5.09 times) for both V-WVGs compared to the plain
tube. Mohammadi et al. (2020) numerically investigated the thermo-hydraulic performance of a
shell and tube heat exchanger (STHX) with porous baffle configurations of varying permeability,
porosity and baffle cut. Results showed baffle cut had a substantial impact on the heat transfer
performance and low baffle cuts could provide better heat transfer at a penalty of more significant
pressure drop. A protracted finned counter flow Heat Exchanger (PFCHE) was designed, analyzed,

fabricated and experimented with water-ethanol as the working fluid to reap low-grade waste heat
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energy exhausted by internal combustion engine. The study obtained a high efficiency (75-90 %)
value for PFCHE at full operation, while the heat exchanger efficiency excluding fins was only

20-28.5 % (Ravi et al., 2020).

3.1.3 Additives, nanofluids and nano encapsulated phase change materials

Enhancement of heat transfer using nanofluids has been a hectic topic of research and development
since the term "nanofluid"” was first used in 1995. Significant progress in this field has been made
in the past two decades. Guo (2020) has recently presented a comprehensive review summarizing
a variety of the experimentally measured thermal properties of common nanofluids, the
enhancement mechanisms discovered or hypothesized, the models used for properties and heat
transfer characteristics, and the applications of nanofluids for enhancing heat transfer. Nanofluids,
due to their enhanced thermophysical properties, could potentially be used to boost the thermal
performance of heat exchangers. Kanthimathi et al. (2020a) conducted experimental investigations
on the thermal performance of double pipe heat exchanger using EG-water-based SiC nanofluid
under turbulent conditions. Kanthimathi et al. (2020b) experimentally investigated the heat transfer
characteristic of single-component FesO4 and SiC nanoparticles, and the hybrid mixture of Fe3Oa
and SiC (volume ratio 50:50) in a double pipe heat exchanger with ethylene glycol and water
mixture as the working fluid in turbulent flow regime. A maximum heat transfer enhancement of
98.95% was obtained at a flow rate of 6L/min for the 0.08% hybrid nanofluid. Ekiciler et al. (2020)
numerically simulated forced convective heat transfer of an Al.Os/water nanofluid, having
different shapes of nanoparticles including blade, brick, cylindrical, platelet, and spherical, flowing
in a 3D equilateral triangular duct. Moosavi et al. (2020) numerically studied turbulent forced
convection nanofluid flow with water as base fluid, Al.Os and CuO as nanoparticles over an

inclined forward-facing step. CFD simulations were performed for a heated forward-facing step
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channel with different step lengths and different inclination angles of the step under turbulent
conditions. Raja et al. (2020a) conducted an experimental investigation on the enhanced thermal
behavior of packed beds integrated with Al,O3z nanofluid. Aydin et al. (2020) studied the thermal
performance of thermosyphon heat pipe using dolomite/deionized water nanofluid depending on
nanoparticle concentration and surfactant type. The effects of using dolomite/deionized water
nanofluid on the thermal performance of thermosyphon heat pipe were experimentally investigated.
Hajjar et al. (2020) investigated the natural convection of a Nano Encapsulated Phase Change
Materials (NEPCM) suspension in a cavity with a hot wall having a time-periodic temperature.
Ghalambaz et al. (2020) simulated free convection heat transfer of a suspension of NEPCM in an
inclined porous cavity. The results also showed that the presence of the NEPCM particles generally
led to heat transfer improvement. Mehryan et al. (2020) simulated the free convective flow of a
NEPCM suspension in an eccentric annulus and found a 5% volume fraction represents the optimal
value for heat transfer enhancement. Ho et al. (2020a) conducted an experimental study on forced
convection heat transfer of NEPCM suspension in a mini-channel heat sink and observed the

enhancement of heat transfer was particularly notable at low Reynolds numbers.

3.2. Active Techniques

3.2.1 Mechanical aids, surface or fluid vibration

Wang et al. (2020b) presented a review on the recent development of corona wind and its
application in heat transfer enhancement and discussed the formation process of corona wind and
the mechanism of local heat dissipation enhancement from the perspectives of physics, electricity
and thermodynamics. Setareh et al. (2020) conducted experimental and numerical studies of heat

transfer enhancement of water fluid flow in an annulus under ultrasonic waves. The cross-flow
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generated by circulations due to acoustic streaming was responsible for heat transfer augmentation.
Zhang et al. (2020a) numerically investigated ultrasound-assisted enhancement of heat transfer in
staggered pipes and analyzed the influence of various operational parameters on heat transfer
enhancement. Zhang et al. (2020b) analyzed and simulated the enhanced mechanism of heat

transfer associated with ultrasonic vibration. They also conducted case studies on applying the

ultrasonic technique. Legay et al. (2020) analyzed several qualitative and quantitative methods to
evaluate the heat transfer enhancement performances of an ultrasonically assisted double tube heat
exchanger. Hashim et al. (2020) conducted an experimental study of water jet impingement
cooling on a heated horizontal SS-304 plate and analyzed the effects of various parameters on the

cooling heat transfer enhancement.

3.2.2 Electro-magnetic fields

Bezaatpour and Goharkhah (2020) numerically investigated an innovative method based on
applying an external magnetic field to generate a swirling flow in the magnetic working fluid to
improve the convective heat transfer in heat exchangers and also reduce the pressure drop penalty
compared to the other conventional enhancement techniques. Bezaatpour and Rostamzadeh (2020)
numerically investigated the effect of a uniform external magnetic field with FesOas/water
nanofluid for heat transfer enhancement of a fin-and-tube compact heat exchanger and validated
the simulations with experimental data. Krakov and Nikiforov (2020) investigated heat transfer
enhancement behavior of magnetic fluid or gaseous oxygen thermomagnetic convection in the
annulus between horizontal cylinders under the influence of gravitational and magnetic forces. The
influence of the shape of the inner cylinder and the magnitude of the magnetic field gradient on

the heat transfer were studied. Maroofiazar and Eshkalak (2020) conducted numerical
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investigations of mixed convection of power-law non-Newtonian ferrofluids in a concentric
annulus under the influence of a nonuniform magnetic field and considered the effects of
ferrohydrodynamics (FHD) and magnetohydrodynamics (MHD) simultaneously. Tang et al.
(2020a) experimentally investigated the effects of applied non-uniform electric field generated by
pin electrodes on evaporation heat transfer enhancement in a vertical rectangular microgrooves
heat sink. The electric field can promote the capillary wetting length, decrease the wall temperature
of microgrooves and enhance the heat transfer performances effectively. Jafari and Goharkhah
(2020) numerically investigated the effect of a 3D magnetic field generated by four electromagnets
on the forced convective heat transfer of FesO4 /Water ferrofluid in a parallel plate channel. Dixit
and Pattamatta (2020) conducted an experimental study on the effect of external uniform magnetic-
field on natural convection heat transfer in magnetite and iron nano-dispersion in a differentially
heated cubical cavity. Samsam-Khayani et al. (2020) numerically examined the effects of a
constant nonuniform magnetic field on the laminar forced convective heat transfer of a hybrid
nanofluid flowing through a heated annular tube and containing FezO4 nanoparticles and carbon
nanotubes (CNTs) in laminar flow. Giwa et al. (2020) investigated the effects of uniform magnetic
induction on free convection heat transfer performance of aqueous Fe>03-Al203 (75:25)
nanofluids in a rectangular cavity under magnetic induction. Alami et al. (2020) carried out
experiments to enhance heat transfer in agitated vessels by alternating magnetic field stirring of
aqueous Fe-Cu nanofluid. Plotnikov and Leal-Quiros (2020) analyzed the effect of pulsed
electrical discharges generated in liquid-phase ethanol in a pin-to-plate reactor experimentally and

computationally.

3.3. Compound Techniques
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Many studies used a combination of passive and active enhancement techniques. Kumar et al.
(2020c) conducted an experimental study of Zinc Oxide/water/ethylene glycol-based nanofluid in
a square duct roughened with inclined ribs for various sets of geometric and flow parameters.
Allauddin et al. (2020) numerically investigated heat transfer enhancement caused by impinging
jets of Al>Os-water nanofluid on a micro-pin fin roughened surface under crossflow and turbulent
conditions. Yang et al. (2020a) performed experimental investigations on the combined effect of
nanofluid and ultrasonic field on ammonia bubble absorption and considered the enhancement
effect of nanofluid and ultrasonic fields separately and simultaneously on ammonia bubble
absorption in the absorber for improving the efficiency of the absorption refrigeration system.
Wang et al. (2020a) executed experiments to study natural convection heat transfer characteristics
of TiO>—H20 nanofluids in a cavity filled with different pore density copper foam. Beigzadeh and
Eiamsaard (2020) conducted modeling of a heat transfer enhancement system including
CuO/water nanofluid in a corrugated tube equipped with twisted tape using two well-known
artificial neural network techniques and ran genetic algorithm multiobjective optimization of the
thermal system with three heat transfer enhancement characteristics. Fathian et al. (2020) studied
the effect of adding single-walled and multi-walled carbon nanotubes to distilled water upon the
heat transfer characteristics of the flow in helical annuli which was formed by twisting a straight
double-tube heat exchanger. Khoshvaght-Aliabadi and Feizabadi (2020) proposed a new passive
compound heat transfer enhancement technique through a corrugated wall structure to enhance the
overall hydrothermal performance of helical channel with square cross-section in the laminar flow
regime. Kurnia et al. (2020) numerically investigated flow behavior and the corresponding heat
transfer in helical tube with twisted tape insert subjected to constant wall temperature in the

laminar convection heat transfer. Ali et al. (2020) conducted an experimental study of natural heat
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transfer enhancement in a rectangular finned surface by combining the active and inactive methods
of heat transfer enhancement and examined the effect of electrohydrodynamics (EHD) on natural
heat transfer on a rectangular surface with vertical fin. Sarlak et al. (2020) numerically inspected
MHD mixed convection of water/CuO nanofluid in a square enclosure with vortex generators in
different arrangements. Zheng et al. (2020a) investigated heat transfer performance and flow
characteristics of various nanofluids (with the addition of nanoparticles of Al,03-30nm, SiC-40nm,
Cu0O-30nm and Fe3z0s-25nm at mass fraction 0.05-1.0 wt.%) in a corrugated plate heat exchanger
used in solar energy systems and concluded that 1.0 wt.% FesO4-water nanofluid possessed the
best thermal performance, exhibiting a 21.9% increase of convective heat transfer coefficient and
10.1% increase of pressure drop compared to deionized water. The graphene nanofluid was used
in the heat exchanger's tube side to enhance its heat transfer performance, which showed a
maximum increase in the heat transfer coefficient of 29% at mass fraction 0.2 wt.% (Fares et al.,
2020). Fathian et al. (2020) investigated the effect of adding single-walled and multi-walled carbon
nanotubes to distilled water upon the heat transfer characteristics of the flow in helical heat

exchangers with varying annulus curvature ratios.

3.4 System Optimization

Kumar et al. (2020d) proposed multi-objective wale optimization (MOWO) algorithm as an
optimization technique to improve the heat transfer and reduce the pressure drop in the plate heat
exchanger by varying the horizontal, vertical port distance, plate facing and plate thickness.
Beigzadeh and Eiamsa-ard (2020) modeled a heat exchanger including CuO/water nanofluid in a
corrugated tube equipped with twisted tape through two well-known artificial neural network

techniques. Sadeghianjahromi et al. (2020) numerically investigated in detail the effects of louver
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angle, fin pitch, transversal tube pitch, and longitudinal tube pitch on Colburn and friction factors
in louver fin-and-tube heat exchangers and found the optimum louver angle was around 20° for
maximizing Colburn factor and minimizing friction factor. Klemes et al. (2020) reviewed heat
transfer enhancement, intensification and optimization of heat exchanger network retrofit problem

considering practical operational issues.

4. Radiation

In this section, the studies on radiation heat transfer enhancement are reviewed with foci on near-

field radiation and solar energy.

4.1 Near-field Radiation

With miniaturization in electronic-mechanical devices, active tuning of near-field radiation heat
transfer (NFRHT) has attracted great attentions of research for both fundamental and applicative
reasons. Rapid progress has been achieved in NFRHT in recent years. Zhang (2020) laid out an
excellent overview on micro/nanoscale thermal radiation. Controlling and enhancing NFRHT is
critical for many applications such as photonic thermal rectification and near-field
thermophotovoltaics. Thompson et al. (2020) reported that the radiative heat transfer between two
coplanar SiN membranes in the far-field could be modulated by factors as large as five by bringing
a third planar object into close proximity of the membranes. The modulation of NFRHT between
twisted nanoparticle gratings was studied by Luo et al. (2020b). Characteristic oscillations of the
thermal conductance were observed and fully due to finite-size effect which is beyond the effective
medium approximation. He et al. (2020) reported that NFRHT could be tuned by adjusting the

strength of magnetic field and the graphene grating effect simultaneously. The combined effect
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provided a tunable way to realize energy modulation or multi-frequency thermal communications.
Wu and Liu (2020) studied the NFRHT between graphene covered biaxial hyperbolic crystal a-
MoOs and showed that the coupling between plasmons in graphene and phonon polaritons in a-
MoO:s could greatly enhance the total heat flux. By modulating the near-field radiative heat transfer
among graphene/SiC core-shell nanoparticles, Song et al. (2020c) achieved thermal routing to
address the directional heat flow manipulation in a particular many-body setup. It was found that
graphene remarkably modified the surface resonance and introduced additional modes.

Bhatt et al. (2020) integrated near-field thermo-photovoltaics for heat recycling and
revealed over an order of magnitude enhancement of power generation by actively tuning the gap
between a hot-emitter and the cold photodetector with negligible tuning power. Song et al. (2020b)
presented a theoretical demonstration of dynamically tunable NFRHT between two multilayer
hyperbolic metamaterials using an external magnetic field and found the hybridization of intrinsic
and magnetization-induced hyperbolic modes could significantly enhance the radiative heat
transfer. Chen et al. (2020c) implemented topology optimization to inversely design a metallic
nanoparticle dimer to optimize the near-field enhancement factor in its sub-10 nm gap. Wang et
al. (2020f) demonstrated the effect of mechanical strain on the NFRHT between two separate black
phosphorous sheets and achieved 73% increase in the near-field HTC by applying 6% zigzag
uniaxial or 4% biaxial strain.

Tang et al. (2020b) measured NFRHT between millimeter-size surfaces made of 6H-SiC
and doped Si, respectively, supporting surface phonon-polaritons (SPhPs) and surface plasmon-
polaritons (SPPs) in the infrared, separated by a 150 nm thick vacuum gap spacing maintained via
SiO2 nanopillars. They found that the near-field enhancement for the SiC-Si sample exhibited a

more pronounced monochromatic behavior, with a resonant flux that is around 5 times larger than
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the resonant flux for the Si—Si sample. Papadakis et al. (2020) proposed a versatile design strategy
for broadening the emission spectrum via stacking multiple plasmonic thin film layers in surface
polariton mediated near-field thermophotovoltaics to improve power density and efficiency.
Salihoglu et al. (2020) reported radiation enhancement in the near-field regime between two bulk
and rigid parallel plates, in which embedded temperature sensors to allow and maintain near-zero
separation were employed. Their finding matched the theoretical prediction of an 18,000 times

enhancement in radiation between two parallel quartz plates with separation down to 7 nm.

4.2 Solar Energy

Solar energy is a vast, inexhaustible, and clean resource, which can be used for heating and lighting
homes, generating electricity, seawater desalination, and a variety of other commercial and
industrial uses. A lot of research has been focusing on improving the efficiency of solar energy
harvest devices and systems. Concentrated solar power (CSP) plant is a promising way to achieve
low-cost commercial power generation in the near future. Molten salts are known for their
advantages, such as being cheap, abundant in supply and high-temperature compatibility,
permitting them for potential application as sensible storage media and heat transfer fluid for CSP
plants. Aljaerani et al. (2020) reviewed the enhancement of CSP plant efficiency via use of nano-
enhanced molten salts. Sahin et al. (2020) had done an extensive review on various recent studies
that illustrated the use of nanofluids in different types of solar collectors for improvement of their
performance, among which carbon nanotubes resulted in larger enhancement when compared to
rest. Senthil (2020) experimentally investigated the charging of phase-change material (PCM) in
a concentrated solar receiver and found that the PCM-filled solar receiver possessed the ability to
retain the temperature of the receiver, about three times more than the non-PCM receiver due to

the constant temperature melting of PCM. Zayed et al. (2020) simultaneously maximized the
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output power and total efficiency of the dish/Stirling CSP system using multi-objective particle
swarm optimization considering nine decision variables, namely, the interception factor, mirror
reflectance of the concentrator, receiver absorbance, receiver transmittance, receiver emissivity,
tilt angle of the receiver, the direct solar intensity, the speed of wind, and the temperature of
ambient. Wang et al. (2020d) proposed blended nanofluids based on Ag triangular nanosheets and
Au nanorods to enhance photothermal conversion and obtained a high efficiency of 76.9%
experimentally with a very low volume concentration (0.0001%). In order to enhance overall
energy harvesting from the solar irradiation, Mohammadnia et al. (2020) proposed a novel hybrid
energy harvesting system based on separation of the solar irradiation and comprising a solar
concentrator, concentrated photovoltaic, beam splitter, cavity, Stirling engine and solar

thermoelectric generators.

Cai et al. (2020) examined the performance of Ni water-based nanofluid in a glass louver
for illumination and energy harvesting dual-purpose and found that the dilute 0.00004 vol% Ni-
water nanofluid with particle diameter of 80 nm could absorb more solar energy and provided
required daylighting. Nan et al. (2020) numerically investigated the solar energy harvest efficiency
of a proposed water-filled prismatic glass louver that could be deployed in buildings to improve
natural lighting as well as to harvest solar energy. Zhou et al. (2020e) developed high thermal
energy storage thermo-responsive smart window by trapping the hydrogel-derived liquid within
glasses. At lower temperatures, the window was transparent to let in the solar transmission; when
heated, the window blocked sunlight automatically to cut off solar gain. A Novel 3D evaporator
composed of a base evaporation surface and vertical fins located above the base surface was
designed to deliver an extremely high-efficient solar-steam generation system, holding promising

applications for desalination and wastewater treatment (Wang et al., 2020e). Sharshir et al. (2020)
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investigated a new combination of v-corrugated basin with wick and CuO nanofluids for
performance enhancement of pyramid solar distiller. The results showed that the thermal efficiency

with the combination was 60.5% compared to only 34% without.

Al-Gebory and Menguc (2020) provided an excellent review on the optical and radiative
properties of nanoparticle suspensions. As the review emphasized, understanding interactions of
electromagnetic radiation with the nanoparticles is of critical importance to develop a wide range
of applications as well as to optimize systems and components. The authors extensively evaluated
a wide range of effects and concerns on particle long-term stability, agglomeration, and
sedimentation under different conditions. They found a close relationship between particle
agglomeration and the optical and radiative properties of nanofluids. The effects of particle types,
sizes on individual, hybrid, and agglomerated nanoparticle suspensions, as well as the effect of pH
values, were discussed. Some simple approaches to manipulate particle agglomeration, and

consequently, the optical/radiative properties of nanofluids were introduced.

Solar energy has been utilized for seawater desalination either by producing the
thermal energy required to drive the phase-change processes or by producing electricity required
to drive the membrane processes. Passive vapor generation with interfacial solar heat localization
could achieve high-efficiency low-cost seawater desalination. Xu et al. (2020c) realized 385%
solar-to-vapor conversion efficiency and a production rate of 5.78 Lm2h"! in a multistage solar
still. Essa et al. (2020) introduced a new mechanism of distillation via modifying a solar still with
a rotational disc. It was found that the distillate of the rotating corrugated disc’s distiller with wick
was improved by 124%. Experiments to examine the influences of nanofluid and high altitude

(high UV light) for water desalination and solar water disinfection were executed by Parsa et al.
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(2020). Results showed that from energetic point of view, utilizing nanofluid has great impact on
the systems while from exergetic viewpoint the altitude has the greatest impact on the systems. The
produced water was healthier because of using both Ag nanoparticle and solar disinfection

methods.

5. Boiling and Condensation Heat Transfer

Boiling and condensation heat transfer is widely applied in various engineering processes and can
be enhanced using various techniques. New emerging research on boiling and condensation heat
transfer enhancement using micro- and nano-technology has been developed, e.g., micro-and
nano-structured surfaces, additives of nanoparticles and environmentally friend surfactants,
microchannels and so on. In the meantime, traditional enhancement techniques such as microfin
tubes, inserts, applying electric field and so on are continuously investigated for advanced

mechanistic and theoretical knowledge and engineering applications.

5.1 Boiling Heat Transfer

A large number of studies on enhancement of both pool boiling and flow boiling have been
conducted to understand the phenomena and mechanisms and apply to engineering practice.

Gouda et al. (2020) conducted experimental investigation of pool boiling on a smooth
copper surface with aqueous biosurfactant (Rhamnolipid) solutions at different concentrations.
The Rhamnolipids solution showed better heat transfer performance and higher critical heat flux
(CHF) value compared to sodium dodecyl sulfate surfactant. Ispir and Onbasioglu (2020)
experimentally investigated tunnel width, pore, and height size effects on boiling heat transfer and
the performance of surfaces in different ranges of heat fluxes and observed the behavior of

nucleation of vapor bubbles. Mehdi and Kim (2020) investigated the role of pore geometry (pore
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diameter and pore pitch) on pore/subtunnel surfaces using the refrigerant R-123, and the results
were compared with those of R-134a. Kumar et al. (2020b) experimentally investigated confined
pool boiling with aqueous surfactant solutions under various subcoolings, heater orientations, and
confinement gaps. A maximum of 120% increase in HTC and 280% increase in CHF with
surfactant was observed in comparison to the baseline case of pure water.

Surface wettability engineering is an effective tool for enhancing heat transfer in boiling.
Sarode et al. (2020) experimentally investigated and compared the individual effects of
confinement and orientation (horizontal and vertical) on the HTC obtained during boiling on
macroscale-patterned wettability surfaces with the baseline case of a homogeneous wettability bare
surface. The baseline hydrophilic substrate was modified using macroscale hydrophobic dots with
a sufficiently large pitch to avoid lateral bubble coalescence on the modified patterned wettability
surfaces. The modified surface demonstrated a better heat transfer performance than the bare
surface. Sajjad et al. (2020) reported a substantial enhancement mechanism by optimizing the
morphological parameters of sintered Cu/Ni alloy surfaces. An increase in the nucleation site
densities of sintered surfaces by controlling the average surface roughness, porosity, particle
diameter, and coating thickness yielded substantial augmentation in pool boiling of a highly
wetting liquid. Shen et al. (2020) claimed that wettability-patterned (so-called biphilic) surfaces
were nearly free of severe degradation of heat transfer performance in subatmospheric boiling,
attributed to the strong pinning of the three-phase contact line (TPCL) at the border between the
hydrophobic and hydrophilic surfaces.

Nithyanandam and Kumar (2020) conducted experimental investigations of nucleate
boiling heat transfer on the copper substrates coated with SiO2 and copper hybrid thin film using

the radio frequency sputtering method. The results showed that the boiling heat transfer and critical
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heat flux are enhanced. Zakset et al. (2020) conducted experiments to compare nucleate pool
boiling performance on plain and laser-textured stainless-steel foils. Significant decreases in the
HTC and increases in the bubble activation temperature were discovered for the plain surfaces in
comparison with the laser-textured surfaces. A 280% enhancement in HTC on a textured heating
surface was recorded using pure water; while a 268% enhancement was achieved on a heating
surface using pure ethanol. It was concluded that laser texturing can significantly improve boiling
performance when the intervals of the laser-textured patterns are close to the capillary lengths of
the fluids.

Nanoscale boiling heat transfer can reach extremely high heat flux. Due to its complex
multiphase system, the mechanism of nanoscale boiling heat transfer awaits to be studied and
revealed. Moze et al. (2020) reported that nanoscale superhydrophobic coating on a laser-
engineered microcavity surface could enhance its HTC by over 500%. The enhancement of boiling
heat transfer confirms that the Wenzel wetting regime is possible during boiling on
superhydrophobic surfaces. Liang et al. (2020) studied nucleate boiling on micro-pit surfaces.
They found that micro-pit surface could reduce boiling incipience superheat and improve nucleate
boiling and its CHF. They also reported an optimum pit-to-pit spacing for maximum boiling
enhancement, which was identical to capillary length. Hu et al. (2020a) reported that roughness
enhances thin-film evaporation when the effect of disjoining pressure is more pronounced and it
inhibits thick-film evaporation when the effect of flow permeability is more pronounced.

Based on Newton’s equations of motion, MD can simulate a relatively larger system
compared to the first principles method. Hence, MD is used as an alternative way to explore
nanoscale boiling heat transfer. Xie et al. (2020) employed the lattice Boltzmann method (LBM)

to simulate the effect of surface orientation, wettability, geometric size, and subcooling of the
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downward-facing lower head on the CHF enhancement. The results showed that for the
downward-facing surface, the CHF increased with increasing surface orientation while a vertical
surface gave a slightly lower CHF compared to a near-vertical surface. Wu et al. (2020a) reported
that a microfluidic layer formed only on hydrophilic surface was conducive to CHF improvement
and weaker attraction of water molecules upon hydrophobic surface was conducive to boiling HTC
improvement. Yang et al. (2020b) reported that the thermal conductance of graphene oxide rose
under the increasing degree of oxidation and monatomic vacancy. Cao et al. (2020) developed a
mathematical optimization method of the grooved nanostructured surface design. They found that
the heat transfer performance exhibited a positive correlation with the defined sectional area of the
grooved nanostructured surface. Liu et al. (2020a) studied boiling heat transfer on nanostructured
surfaces and found that the bubble nucleation time was advanced, and the heat transfer efficiency
was enhanced compared to the smooth surface. By increasing the solid-liquid contact area, the
interaction energy per unit area could increase, which led to the decrease of interfacial thermal
resistance.

Axial microfins are promising means for enhancing evaporation of refrigerants in tubes.
Evaporation heat transfer and pressure drop tests were carried out on four tubes—smooth, helical
microfin, axial microfin using R-410A (Han et al., 2020). Experiments of enhancement of flow
boiling with R407C were conducted inside tubes with discrete internal structures and the heat
transfer characteristics were compared with a micro-fin tube (Darshan et al., 2020). It was observed
that the heat transfer of R407C inside the enhanced tubes was better than that of the microfin tube.
Kong et. al. (2020) realized simultaneous visualization and measurement to investigate the onset
of nucleate boiling (ONB) phenomenon of deionized water in circular, diamond, and oval micro

pin fin heat sinks. The results showed that the heat flux and wall superheat needed for the ONB
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increased as the mass flux and inlet subcooling increased. Moreover, the heat flux required for the
ONB in the diamond and oval micro pin fin heat sinks was higher than that in the circular one. A
microchannel with triangular cavities and rectangular fins was fabricated for flow boiling
improvement and flow boiling experiments were carried out using pure acetone at various
conditions. Li et al. (2020e) investigated the flow boiling characteristics of the microchannels with
triangular cavities and rectangular fins. The results indicated that the microchannels showed
significantly enhanced heat transfer, reduced ONB, and delayed CHF as compared to conventional

microchannels.

5.2 Condensation Heat Transfer

Tsuruta and Tokunaga (2020) introduced a wettability gradient by gradually changing the
pattern widths of the hydrophobic and hydrophilic surfaces. Their experimental results show that
the flooding was suppressed, and the heat transfer coefficient was enhanced by three times
compared with the results of the microstructured condensing surface with a straight pattern. Kim
(2020) experimentally investigated condensation heat transfer and pressure drop on four
tubes—smooth, helical microfin and axial microfin using R-410A. Cift¢i and Sézen (2020)
conducted experiments of boiling and condensation with dichloromethane and hexagonal boron
nitride/dichloromethane nanofluid solutions to specify nanoparticles' effect on thermal
performance. The results showed that enhancement of boiling and condensation heat transfer had
been achieved. Wang et al. (2020c) experimentally studied the condensation heat transfer
characteristics of R290 (propane) in a horizontal smooth copper tube and a microfinned copper
tube. The results show enhancement heat transfer characteristics in the microfinned tube. Bai et

al. (2020) explored condensation heat transfer inside small diverging channels. and found the
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diverging channel enhanced local condensation heat transfer even with very small diverging
angles. Li and Du (2020) investigated the influence of noncondensable gases on phase change in
confined nanoscale space by using molecular dynamics simulation. The enhancement of heat
transfer could be realized and controlled through the regulation of the noncondensable gases in the
working fluid. Diani et al. (2020) performed a direct comparison of condensation heat transfer of
R513A in a smooth tube and a microfin tube. The results showed that the microfin tube leads to a
real heat transfer augmentation.

Dropwise condensation of steam on hydrophobic surfaces has a 10 times higher HTC
compared to filmwise condensation (Chang et al., 2020). Low surface energy hydrophobic
coatings such as polymers are usually employed to promote dropwise condensation in applications
such as power generation, water treatment, and thermal management of electronics and high-
performance equipment. Polymer coating must be thin (< 1um) because of the low thermal
conductivity with polymer materials; and thus, it tends to degrade quickly. To solve this issue,
Chang et al. (2020) developed metal-polymer structured surfaces to enhance the coating effective
thermal conductivity and surface energy. Wilke et al. (2020) achieved dropwise condensation heat
transfer enhancement for more than 200 days without significant degradation by infusing a
hydrophobic polymer, Teflon AF (amorphous fluoropolymer), into a porous nanostructured
surface. They demonstrated over 700% enhancement in the condensation of steam compared to an
uncoated surface. Lee et al. (2020a) experimentally investigated the droplet behavior on a
superhydrophobic plate to understand the droplet detachment and attachment in accordance with
the surface and droplet temperatures. The results were represented as a “droplet-behavior map”,
which clearly depicts boundaries dividing the detachment and attachment regions. Zhang et al.

(2020g) investigated steam condensation heat transfer on a honeycomb-like microporous
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superhydrophobic surface. The results showed that stable coalescence-induced droplet jumped

with high heat flux with non-condensable gas concentrations up to 28%.

5.3 Two-Phase Heat Exchangers

Two-phase heat exchangers suitable for high heat load applications have attracted growing
research interest. Liu and Wang (2020) numerically studied the flow and thermal characteristics
of the gas-liquid two-phase flow induced by a short twisted tape for heat exchanger applications
and elucidated the vortex motion and decay characteristics. A mini-channel two-phase heat
exchanger with a sudden expansion structure was proposed to enable its high operational efficiency
(Liu et al., 2020b). Chien et al. (2020) compared the falling film evaporation in serrated fin tubes
made by electrical discharge machining and smooth tube, which showed serrated fin tube yielded
enhancement ratios of up to 10.18 and 6.02 for falling film evaporation of R134a at 10°C and
20 °C, respectively. Evaporation heat transfer and pressure drop tests were performed on four small
diameter (7.0 mm) tubes with smooth, helical microfin, axial microfin, and spoke for the mass flux
from 50-250 kgms? using R-410A at heat flux of 3.0 kwWm™. Axial microfin tube was found to
yield the best heat conductance enhancement for high mass flux (> 150 kgm2s™) and the spoke
tube provided the best enhancement at lower mass fluxes (Han et al., 2020). Enhancement of flow
boiling could be realized by developing an internally microdimpled (IMD) tube and a tube with
internal bidirectional tunnel structure (BTS). It was observed that the heat transfer coefficient of
R407C inside both the IMD and BTS tubes was better than that of the MF tube (Darshan et al.,

2020).

6. Thermal Energy and Energy Storage
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Energy storage becomes a more and more important topic in the past year not only because it can
reduce the energy gap between supply and demand by the development of modern technology
industrials, but also because it can enhance the energy conservation performance to provide a
reliable insurance when there is a power outage of grid due to natural or artificial disaster. Not
long ago, US Texas’s massive failure of electricity grid contributed to several deaths of people and
loss of billions of dollars in property damage as the lack of a stable energy storage system which
could provide alternative energy supply when the normal grid system was down. President Biden
planned to take the executive action with the investment of 2 trillion dollars on the development
of green energy storage due to increasing energy demand and climate crisis. Energy storage,
especially clean and renewable energy storage, will continue to be a critical challenge and growing
interest area for researchers to overcome in the future.

Thermal energy storage (TES) is one of the most common and reliable forms of energy
storage for renewable energy. Heat transfer enhancement technologies for TES, mainly phase-
change materials (PCMs) and nanofluids (NFs), were used to enhance the effectiveness of TES

(Hussam et al., 2020; Guo et al., 2020).

6.1 Phase Change Material (PCM)

PCMs are investigated as a suitable solution for thermal energy storage enhancement, as PCMs
have high density and stability of thermal energy stored at nearly constant temperature during the
phase change process. However, PCMs also suffer from their low thermal conductivity in the latent
heat thermal energy storage (LHTES) system. Different methods of thermal conductivity

enhancement on PCMs were reviewed by Wu et al. (2020c). Methods of thermal conductivity
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enhancement on PCMs are mainly grouped into two categories: PCMs encapsulation and

nanomaterial additives.

6.1.1 Encapsulated Phase Change Material (EPCM)

Free convection heat transfer of a suspension of nano—encapsulated phase change materials
(NEPCMs) of nonadecane within polyurethane shells dispersed into the water in an inclined porous
cavity was numerically analyzed, achieving about 13% heat transfer improvement for the presence
of the NEPCM particles at the inclination angle of 42° at solid-liquid fraction of 0.5, and up to a
possible maximum of about 28% enhancement in the heat transfer at the inclination angle of 82°
(Ghalambaz et al., 2020). NEPCMs consisting of Sn/SnOx nanoparticles capsulated with SiO and
Al>O3 synthesized by Atomic Layer Deposition were experimentally demonstrated, and an overall
10.5% enhanced thermal energy storage capacity of the nanofluids when the NEPCMs
encapsulated with Al,O3 nanoparticles with respect to the solar salt was found (Navarrete et al.,
2020). Shi et al. (2020) numerically studied a NEPCM filled cylindrical shell-and-multi tube
thermal energy storage system (TESS) in the presence of magnetic field (MF) generated by
quadrupole magnets and found that by applying the MF, both the charging and release processes
of the TESS were shortened. Bhagat et al. (2020) numerically developed a latent heat thermal
storage system packed with spherical encapsulated PCMs based on the momentum equation and
nonequilibrium two-temperature energy equations for PCM and HTF and the enthalpy—porosity
technique for the isothermal phase change of the PCM, and evaluated that a smaller inner
encapsulation diameter and lower porosity resulted in more entropy during the discharging process
and the encapsulation shell thickness insignificantly affected the entropy generation and the first-

law efficiency.
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6.1.2 Nano Particle (NP) Additives

A tubular solar still with nano particle of graphene oxide limited to 0.3% concentration in PCM
(NPCM) was experimentally studied, resulting the thermal conductivity of NPCM be improved by
52% as compared to PCM without nanoparticle as additive material (Kabeel et al., 2020). Zhou
et al. (2020c) both experimentally and numerically demonstrated the promotion of thermal
conductivity to as high as 10~50 Wm™K™ of composite PCM of aqueous ethylene glycol (EG)
consisting of nanoparticles of multiwalled carbon nanotubes (MWCNTS), compared with pure
PCM had a poor thermal conductivity as low as 0.2~0.5 WmK%, by forming effective conduction
paths composed of backbones in the composite PCM. The influence of Ag nanoparticles on the
enhancement of thermal energy storage of paraffin wax as PCM was studied experimentally,
showing that the average temperature rise or fall had been reduced to 11% and 29.5% with 0.05%
and 0.1% concentrations of Ag nanoparticles, respectively (Pradeep et al., 2020). Jourabian et al.
(2020a) inserted mono Cu and hybrid Ag/MgO nanoparticles into a horizontal 90° inclination H-
shaped capsule with adiabatic curved sidewalls made of ice, and found melting time was
diminished 13.6 and 24.5%, respectively, compared to pure PCM melting, when the volume
fraction of hybrid nanoparticles was increased from 0.0 to 0.01 and 0.02, respectively, along with
mono Cu nanoparticles gave a better thermal performance in contrast to Ag—-MgO hybrid
nanoparticles. Raja et al. (2020b) investigated a square-geometry analytical model of two-phase
system which was comprised of solid and liquid with nanoparticles as a third phase dispersed in
the liquid phase, and found the effective thermal conductivity (ETC) of 33% above the Calmidi
results and about 51% over the Dietrich model by optimization of the primary, secondary, and

tertiary parameters.
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6.1.3 Other Methods

Besides PCMs encapsulation and nanomaterial additives, Xu et al. (2020b) experimentally
investigated the effects of copper foam and ultrasonic waves on the performance of a gallium heat
regenerator, and concluded that the total melting time for the gallium with added copper foam and
ultrasonic waves was reduced by 10% and 17%, respectively. Li et al. (2020a) synthesized
diatomite-based composites by absorbing lauric acid-stearic acid (LA-SA) into the diatomite-
based support under melting impregnation process, and found that the LA-SA/D (raw diatomite),
LA-SA/Dm (diatomite after microwave-acid treatment), and LA-SA/Dw/EG (expanded graphite
(EG) was introduced as a support matrix together with Dm at a weight ratio of 1:10 of EG to D)
composites melt at 31.16, 31.16, and 31.17 °C, with the latent heat at melting of 59.60J g for
LA-SA/D, 76.16Jg! for LA-SA/Dm, and 117.30J g ! for LA-SA/Dw/EG, and the different
loading capability of D and D for LA-SA were 70.36% and 107.04%, indicating that the diatomite
processed the better loading capability after microwave-acid treatment. Zhang et al. (2020d)
prepared novel composite PCMs with superior thermal conductivity, latent heat, and light-thermal
conversion, using TiO2-TiC-C loaded expanded vermiculite (EVT) as a supporting matrix and
lauric-myristic-stearic eutectic mixture (LA-MA-SA) as a PCM. The EVT was further acidized
(EVTa) to enhance its PCM absorbability. It was found that the thermal conductivity of LA-MA-
SA/EVTa (0.676 W mK™) and LA-MA-SA/EVT (0.694 Wm™K1) were 51.2% and 55.3% higher
than that of LA-MA-SA/EV (expanded vermiculite (EV)), and the melting latent heats of LA-MA-
SA/EVTa and LA-MA-SA/EVT were 115.7 and 105.8 Jg!, respectively, which were 45.2% and
32.7% higher than that of LA-MA-SA/EV. Jourabian et al. (2020b) examined the constrained ice

melting with natural convection inside a horizontal enclosure with cross section of major circle
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sector by two-dimensional temperature-based lattice Boltzmann method (TLBM) in single-phase
framework, and concluded 45° inclination angle of the horizontal container in the clockwise
direction engendered complete melting of pure PCM, increments of the average temperature of
pure PCM, and intensity of convective currents inside pure molten PCM. Guo et al. (2020) both
experimentally and numerically studied the effect of inclination angle of the partition plate
between two PCMs in a two-stage series cascade heat storage device and concluded one should
make the partition plate tilts to the direction opposite to the one in which the heat flux is input to

enhance its performance of the heat storage.

6.1.4 PCM Applications

In the field of PCM applications, a compact TES device containing a PCM used serrated
fins in the air side and perforated straight fins in the PCM side for transport air-conditioning
applications were designed and experimentally investigated for smoothing cooling load of
transport air conditioning systems, achieving a fast response with the hot air flow cooled down to
the desired temperature range of 16-20°C in seconds and the discharging energy efficiency
reached up to 99.8%, with the discharging depth above 97.0% (Nie et al., 2020). A PCM-based
solar thermoelectric energy-harvesting device essential to wireless monitoring systems in alpine
regions was numerically proposed to generate an increase of 39.57% and 73.3% in the average
output power on January 15, 2016 and July 15, 2016, respectively, in Qinghai, China, compared

with the non-PCM unit (Cui et al., 2020).

6.2 Nanofluids
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Use of nanofluids is also a passive way of thermal energy storage enhancement. Compared
with the pure base fluids, adding nano particles into the base fluid induce a significant rise in
thermal conductivity and heat transfer coefficient, leading to the enhancement of thermal energy
storage. Guo et al. (2020) summarized a variety of the experimentally measured thermal properties
of common nanofluids, the enhancement mechanisms discovered or hypothesized, the models used
for properties and heat transfer characteristics, and the applications of nanofluids for enhancing
heat transfer. Allauddin et al. (2020) numerically studied a micro-pin fin roughened target plate
with multiple impinging jets of Al,Oz—water nanofluid, and observed about 72% improvement in
the heat transfer coefficient of the nanofluid at volumetric concentration of 3%. Ciftgi et al. (2020)
experimentally investigated hexagonal boron nitride material mixed with dichloromethane (h-
BN/DCM) nanofluid pool in varying heater powers ranging from 50 to 350 W to study the boiling
and condensation heat transfer, and found the increment rates in the heat transfer coefficient for
saturation, superheat, and condensation conditions as 27.6%, 10.4%, and 17.65%, respectively, at

an optimum nanoparticle concentration of 1.0%.

6.3 Thermal Battery

In addition, thermal battery energy storage was also studied. Moller et al. (2020) overcame
the capacity degradation of pure CaCO3 as a function of calcination/carbonation cycling by the
addition of either ZrO» (40 wt%) or Al>Os (20 wt%), which resulted in 500 energy storage cycles
at over 80% capacity, and found the system had a rapid response time with 60% of the full energy
capacity stored or released within 1 hour, while the operating temperature of 900 °C. Ding et al.
(2020) investigated the performance of an efficient and compact thermal battery based on a novel

double-effect absorption thermal energy storage cycle, and found energy storage efficiency
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increased by up to 61.6% for cooling and 61.8% for heating for charging temperatures above
160 °C. Li et al. (2020d) experimentally developed and investigated the salt-hydrate LiOH-H.O
with 8 wt% expanded graphite (EG) doping based thermochemical materials (TCMs) used for low-
temperature TES, and found the thermal efficiency for heat charging was 83.6%. Huang et al.
(2020a) carried out three-dimensional computational fluid dynamics simulations on gas—solid fix-
bed reactor for the Ca(OH)2/CaO thermochemical energy storage system, and concluded that
increasing heat conductivity and reaction rate of the bed could enhance the reaction performances
dramatically for both dehydration and hydration, the decrease of the wall temperature had an
obvious positive influence on dehydration reaction and the decrease of the porosity had an apparent
positive influence on hydration reaction, and the reaction rate almost had no effect on the entropy
productions of reaction and mass transfer during the dehydration reaction while the reaction rate

had a great influence on the entropy generation of the reaction during hydration process.

7. Electronics Thermal Management

Recent development in wide-bandgap semiconductor and mini/micro- scale electronic technology
has led to a drastic rise in power density for high-performance electronic devices and circuitry.
However, the continuous miniaturization of electronic applications leaves a narrowing space for
heat dissipation. Further, the temperature distribution is getting highly non-uniform as peak heat
flux near the transistor gate can be 10 times that of the die area. Thermal management to improve
reliability and prevent thermally induced failure of electronics is of paramount importance.
Conventional cooling approaches are not capable of dealing with the high heat flux of emerging
electronics. Therefore, considerable research focuses on novel and compact cooling techniques

targeted for advanced electronics with extreme heat-flux, including heat pipe, embedded
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microchannel, impingement, thermoelectric cooling, immersion cooling, hybrid methods and
incorporation of high-thermal-conductivity material.

In this section, the studies on heat transfer enhancement techniques applied to thermal
management in modern electronic devices are reviewed due to the growing interest, critical

challenge, and great practical significance.

7.1 Heat Pipes

Heat pipes are broadly used as an effective cooling solution for thermal management of miniature
and ultra-slim mobile electronic devices. The heat pipe is a two-phase flow heat transport device
utilizing capillary pressure of working fluid and the latent heat of the vaporization to aid heat
transfer. Chen et al. (2020b) experimentally investigated heat transfer characteristics of gravity
heat pipes (GHPs) with internal helical microfins (IHMs) of different arrangements and found
applying IHMs could lower operating temperature and thermal resistance in comparison with
smooth GHPs. Shioga et al. (2020) fabricated an ultra-thin flattened loop heat pipe with an 0.6-
mm thick evaporator by using chemical-etching and diffusion-bonding process on thin copper
sheets to eliminate the backflow of vapor to the liquid line and obtained a thermal resistance value
of 0.11 KW between the evaporator and the condenser at heat input of 20 W. A novel band-shape
spiral woven mesh (SWM) wick was developed to enhance the thermal performance of ultra-thin
flattened heat pipe (UTFHP) for cooling smartphones (Zhou et al., 2020d). UTFHP is fabricated
by flattening cylindrical heat pipes; thus, the external surface area is limited, and its shape can only
be a simple strip. In contrast, ultra-thin vapor chamber (UTVC) can be arbitrarily designed in shape
and provide geometry flexibility. A UTVC with spiral woven meshes and one bottom mesh

composite wick was designed, and its maximum effective thermal conductivity was found to be
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about 20900 Wm™!'K™!in horizontal state and 25200 Wm™'K!in gravity state (Huang et al., 2020b).
Bahmanabadi et al. (2020) experimentally examined the effect of structured evaporator surface on
the thermal performance of a thermosyphon heat pipe. They found the average thermal resistance
reduction for heat pipes with radially rectangular-grooved and radially inclined triangular-grooved
evaporator is 21% and 33%, respectively, compared with baseline design with smooth evaporator
surface. Gupta et al. (2020) investigated the effect of CuO/water nanofluid on the thermal
performance of a heat pipe for a wide range of input power (50—150 W) and inclination angle (0-
90 °C) .The experimental findings demonstrated 20.5% decrease in thermal resistance and 15.3%

increment in thermal efficiency of the heat pipe compared to pure water.

7.2 Other Methods

Van Erp et al. (2020) presented an innovative approach for co-designing microfluidics and GaN-
on-Si electronic power device by turning the passive silicon substrate into a near-junction liquid-
cooled heat sink targeted for the hotspots. They proposed a 10x manifold microchannel design that
could allow heat flux up to 1723 Wcm2 for a maximum temperature rise of 60 K with an

unprecedented coefficient of performance. Kewalramani et al. (2020) tested the thermohydraulic

characteristics of micro heat sinks with short micro pin fin of different shapes (square and elliptical)
and different arrangements (interrupted and staggered) and found the pin fin shape had a more
significant effect on the thermal resistance compared to the arrangement of pin fin. Two-phase
performance of a hybrid jet plus two-layer multipass microchannel heat sink using HFE-7100 as
the coolant was investigated and heat flux up to 174 Wcm™2 was successfully dissipated at a flow
rate of 450 ml/min (Joshi et al., 2020). Wei et al. (2020a) demonstrated the design, modeling,

fabrication and characterization of a 3D printed direct liquid micro-jet array impingement cooler
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applied to a lidless dual-chip module and obtained a very low thermal resistance of 0.26 cm?KW-
L at cooler flow rate of 1000 ml/min. Hashim et al. (2020) implemented free-surface circular water
jet impingement cooling on a heated horizontal SS-304 plate (78 x 78 x 13 mm?) in high
temperature (500-900 °C) and explored the rewetting phenomenon. Luo et al. (2020a) carried out
numerical simulations to investigate the effect of target surface curvature and the nozzle-to-target
surface distance on the flow and heat transfer characteristics in a pin-finned double-wall structure
for turbine cooling application. Lin et al. (2020) combined thermoelectric cooler (TEC) with
microchannel heat sink (MHS) using TiOz/water nanofluids as the coolant for cooling of high-
power light-emitting diode (LED). The nanofluid-cooled TEC-MHS system exhibited effective
performance in the thermal management of the 50-W LED. Electrically insulating printed circuit
board (PCB) and electronic devices from the water by Parylene C coatings (as thin as 1 um),
Birbarah et al. (2020) implemented water immersion cooling strategy on a 2-kW power converter

and observed a large footprint-area-averaged heat flux value (up to 562 Wcm).

7.3 High Thermal-Conductivity Materials

Applying high-conductivity materials such as diamond, CNTs and graphene to enhance heat
transfer in high-end electronics and equipment is an active research area of major interest. For
example, they can be mixed with a matrix substrate or used solely as a heat spreader to enhance
conduction or be added as nanoparticles into the base coolant to assist convection. Diamond was
used as both the coating layer and substrate in AlGaN/GaN high-electron-mobility-transistors
(HEMTS) to remove the large heat flux (Zhang et al., 2020c). Alshayji et al. (2020) experimentally
evaluate the thermophysical properties of diamond/water nanofluid over different ranges of

temperature (20-60 °C) and solid concentrations (0.125-1.25 vol%) and achieved a maximum
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enhancement in thermal conductivity by 25%. Thermally reduced graphene oxide/carbon nanotube
(rGO/CNT) composite films were successfully prepared by high-temperature annealing process
and showed great potential as a TIM for thermal packaging applications due to their high in-plane
thermal conductivity and good mechanical properties (Yuan et al., 2020). Ong et al. (2020)
investigated the thermal performance of graphene oxide (GO) nanofluids in a microchannel at
different inlet flow rates (0.5-2 mL/min) and set temperatures (50-90°C). It was found that minor
addition of GO nanoparticles (0.02-0.1 wt.%) could remarkably enhance the thermal conductivity
of GO-NFs, whereas the viscosity increase was not significant, demonstrating the great potential
of GO nanofluid in miniaturized device thermal management. Kim et al. (2020) introduced a heat-
dissipating hybrid film coated with carbon nanotubes (CNTSs) entangled with silver nanowires
(AgNWs), prepared by supersonic spraying, to address hotspots in portable electronics and
obtained ~34% improvement in effective heat transfer coefficient, compared with that of the bare
substrate. Hybrid nanofluids were prepared using nanocomposites (graphene/Al>Oz) with various
graphene concentrations (5-50 wt.%) and results showed that the thermal conductivity enhances
to a maximum of 45% (+3%) compared to base fluid deionized water (Selvaraj and Krishnan,
2020). Gan et al. (2020) integrated graphene nanocapillaries into a micro heat pipe (MHP) for
enhanced LED cooling, demonstrating over 45% enhancement in the overall thermal performance

than the uncoated counterpart.

8. Prospects

In recent years, environmental protection and energy conservation have become crucial issues due
to greenhouse warming caused mainly by the use of fossil fuels. One of the fundamental ways of

mitigating carbon emissions is to increase the efficiency of energy conversion devices. Enhancing
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the performance of a heat transfer device is therefore of great interest since it can result in energy,
material and cost saving. Research of innovative heat transfer enhancement techniques is immense,
encompassing every aspect from understanding the fundamental theory and physical mechanisms
of various heat transfer enhancement techniques to designing the heat transfer enhancement
devices and evaluating these devices in industrial practice. Research of emerging heat transfer
enhancement techniques used in thermal power engineering, energy storage, high performance
heating and cooling technology such as using nanofluids, micro- and nano-structures,
microchannels to enhance heat transfer and new compound enhancement techniques incorporating
these new and conventional techniques becomes popular over the past years. However, there are
also big challenges in achieving agreed heat transfer performance, physical mechanisms, theory,
prediction methods and engineering design methodology and practical applications with these
emerging techniques. Therefore, many aspects are needed to be investigated and developed.

With the increasing energy demand in the development of technology and economy
progression in the modern world, energy storage is essential not only because it can reduce the
supply-demand energy gap, but also because it can improve the performance in energy
conservation and reduce generation cost. PCM is one of the most appropriate and prospective
materials for effective thermal energy storage from renewable energy resources, as PCMs have
high energy density, strong stability of energy output, and appropriate working temperature range.
Therefore, PCMs have gained a wide range of applications in various fields, such as buildings,
solar energy systems, power systems, and defense industry. However, the low thermal conductivity
of PCMs limits its applications in the field of LHTES system. In order to overcome this issue,

demand of innovative methods for enhancing heat transfer on PCMs is increasing.
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TES based on PCMs will get more attention in the next decade, and more and more
researchers will focus on this area. Future research will have an emphasis on the conductivity
enhancement based on NEPCMs and nanoparticle additive PCMs, or combined, on thermal energy
storage from solar energy and other renewable energy. PCMs energy storage systems can be
designed based on the existing experimental data. High temperature (>1000 °C) energy storage
systems can also be studied and developed. Potential applications include thermal management
system on the electrical vehicles and grid energy storage system based on concentrated solar power.

TES based on NFs will also attract more interest in the next decade. The main limitation
of NF is its instability during synthetic and operational processes. Many researches only focused
on either the single factor of synthetic conditions, like size, shape, concentration, etc.; or the single
factor of operational conditions, like temperature, composition, shear, magnetic field, etc. A
systematic study considering all operational conditions is necessary for future work. More
turbulent flow analysis of NFs is also needed. As some of the classic models of NFs are proved to
be not precise, machine learning methods like the Artificial Neural Networks (ANNS) can be
applied to predict the thermodynamic properties of NFs.

Heat exchanges are widely used in industrial applications, such as air conditioning, power
stations, chemical plants, petroleum refineries, sewage treatment, cooling of turbine and internal
combustion engine, wasted heat recovery and etc. The type, size and configuration of exchanger
should be tailored and carefully selected to improve the system performance and save expense.
Enhanced performance in heat exchangers can be achieved through inserting tapes, integrating fins,
adopting helical baffles, utilizing nanofluids, optimizing system configuration and leveraging two-
phase flow, while these techniques will add system complexity, increase equipment cost and

impose challenges on the operational stability. Only by considering practical operation issues, such
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as manufacturing difficulty of inserted tapes, nanofluid compatibility, pressure instability in two-
phase flow, can ensure the successful deployment of the heat exchanger to aid heat transfer.

It should be emphasized that nanofluids and PCMs can be applied in a wide range of heat
transfer enhancement technologies, while more research is needed to address the practical issues,
such as the proper dispersion of nanoparticles, long-term stability, agglomeration, and
sedimentation and their effects on the alteration of optical, radiative, and thermal-fluid properties.

Trend of miniaturization and 2.5D/3D packaging in the semiconductor industry has
resulted in large heat flux constrained in narrow space for electronic devices. What’s worse, the
heat flux is getting highly nonuniform with peak heat flux ten-fold that of the background heat
flux. Most likely, we will see more and more compact cooling techniques targeted for advanced
electronics with extreme heat-flux, including ultra-thin heat pipe, embedded microchannel, near-
junction impingement, thermoelectric cooling, immersion cooling, hybrid methods and
incorporation of high-thermal-conductivity material. Besides, co-designing electronics with
cooling techniques is a prospective research direction, which will bring functional performance of
devices to the next level and save energy consumption.

For effective dissipation of extremely high heat flux generated in high-power electronics
devices and high-end equipment, boiling heat transfer is an ideal choice and current technologies
have not realized its theoretical limit yet. New emerging research on boiling and condensation
phase-change heat transfer enhancement using micro- and nano-technology is in great need. In
particular, it calls for more experimental investigations to reveal the fundamental nanoscale boiling
and condensation enhancement mechanisms. Nonetheless, manufacturing challenges, new

materials, new working fluids, and long-lasting issues must be explored. Phase-change heat
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transfer enhancement based on nanostructured engineering is also critical for resolving surface
icing/fogging/frosting problems in engineering systems and natural environment.

The first-principles methods based on density functional theory and Boltzmann transport
equation provide well prediction for single crystals. For the thermal investigation of defects at
interfaces and nanostructures in near junction heat transfer, the MD and Monte Carlo method could
provide an efficient way into heat conduction physics. Machine learning for micro- and nano-scale
modelling of heat conduction may be a fruitful direction to pursue, especially for phonon transport
at amorphous materials, as well as the structural design of maximized/minimized thermal
resistance of superlattices. With the rapid development in first-principles simulation methods,
computing the interactions between electrons, phonons, photons, isotopes and grain boundaries
has become possible. These advancements would strengthen the understanding of interfacial heat
conduction, and further facilitate the optimization of thermal, electrical and optical properties for
future multifunctional materials.

Near-field radiative heat flux can exceed the far-field blackbody limit, as governed by the
Stefan-Boltzmann law. Fundamental understanding of near-field radiation at extreme gap spacing
will help enable high-power-density and high-efficiency conversion of heat to electricity in
thermophotovoltaic (TPV) systems. More experimental studies and demonstrations are needed,
but fabricating and maintaining a near-field optical gap is still a challenge.

Solar energy is a vast, inexhaustible, and clean resource, which can be used for heating and
lighting homes, generating electricity, desalination, and a variety of other commercial and
industrial uses. Conventional solar energy usage has grown over the years but its expansion still

faces limitations such as high cost, climate dependence, and large space coverage. Research will
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continue to focus on improving the system efficiency and reducing the cost of solar energy harvest,
storage, and conversion.

Passive, active and compound techniques in convective heat transfer enhancement have
been explored for decades; and thus, it might be difficult to achieve some significant breakthrough
in a single piece of work. Nevertheless, it calls for more experimental investigations and
applications in thermo-fluid and energy systems and other engineering practices. Another direction
for comprehensive research could be the integration of empirical correlations, theoretical models,
and experimental measurements with emerging machine learning tools on modified surfaces and
geometries such as twisted, corrugated, and dimpled ones or with coiled wire inserts.

Both conventional and emerging heat transfer enhancements are crucial in achieving zero
carbon target by 2025. From the literature survey, there are big challenges in heat transfer
enhancement research but also new opportunities to developing innovative technologies in energy,
renewable energy and zero carbon industrial and civil applications. Many aspects of conventional
and innovative heat transfer enhancement techniques such as systematic theory, mechanisms,
materials, design methodology and engineering applications are fast developing and needed to be

achieved.

Acknowledgments

This material is based upon work supported by the National Science Foundation under grant No.
ECCS-1505706. ZG was grateful for remote research collaboration with Dr. Lixin Cheng though
the planned on-site visit was impossible for ZG in his sabbatical leave from Rutgers due to the

pandemic.

References

50



Abbas, A. and Wang, C.C., Augmentation of Natural Convection Heat Sink via Using
Displacement Design, Int. J. Heat Mass Transf., vol. 152, art. 119757, 2020.

Akbarzadeh, S. and Valipour, M.S., Experimental Study on the Heat Transfer Enhancement in
Helically Corrugated Tubes under the Non-Uniform Heat Flux, J. Therm. Anal. Calorim., vol.
140, pp. 1611-1623, 2020.

Alami, A.H., Hawili, A.A., Aokal, K., Faraj, M. and Tawalbeh, M., Enhanced Heat Transfer in
Agitated Vessels by Alternating Magnetic Field Stirring of Aqueous Fe-Cu Nanofluid, Case
Studies Therm. Eng., vol. 20, art. 100640, 2020.

Al-Gebory, L. and Menguc, M.P., A Review of Optical and Radiative Properties of Nanoparticle
Suspensions: Effects of Particle Stability, Agglomeration, and Sedimentation, J. Enhanc. Heat
Transf., vol. 27, no., 3, pp. 207-247, 2020.

Ali, M.R., Taheri, A. and Jafari, M., Experimental Study of Natural Heat Transfer Enhancement
in a Rectangular Finned Surface by EHD Method, Int. Comm. Heat Mass Transf., vol. 119, art.
104969, 2020.

Aljaerani, H.A., Samykano, M., Pandey, A.K., Kadirgama, K. and Saidur, R., Thermo-Physical
Properties and Corrosivity Improvement of Molten Salts by Use of Nanoparticles for
Concentrated Solar Power Applications: A Critical Review, J. Mol. Lig., vol. 314, art. 113807,
2020.

Allauddin, U., Jamil, T., Shakaib, M., Khan, H.U., Mohiuddin, R., Saeed, M.S., Ahsan, H. and
Uddin, N., Heat Transfer Enhancement Cause by Impinging Jets of Al,O3z-Water Nanofluid on
a Micro-Pin Fin Roughened Surface under Crossflow Conditions — A Numerical Study, J.

Enhanc. Heat Transf., vol. 27, no. 4, pp. 367-387, 2020.

51


https://www.sciencedirect.com/science/article/pii/S0017931019358417?casa_token=rYwrLu3hQqcAAAAA:7sIqcUgZys3Ar8md_evut8J0ReRfDKTFdgPipr_3InUfLUc2prmIWYTbln4By3vegk_eeQb0fs4#!
https://www.sciencedirect.com/science/journal/00179310/152/supp/C
https://link.springer.com/article/10.1007%2Fs10973-020-09385-5#auth-Mohammad_Sadegh-Valipour
https://www.sciencedirect.com/science/article/pii/S2214157X19305386#!
https://www.sciencedirect.com/science/article/pii/S2214157X19305386#!
https://www.sciencedirect.com/science/article/pii/S2214157X19305386#!
https://www.sciencedirect.com/science/article/pii/S2214157X19305386#!
https://www.sciencedirect.com/science/article/pii/S2214157X19305386#!
https://www.sciencedirect.com/science/journal/2214157X
https://www.sciencedirect.com/science/journal/2214157X
https://www.sciencedirect.com/science/journal/2214157X/20/supp/C
https://www.sciencedirect.com/science/article/pii/S0735193320304978?casa_token=MfjRHY910EwAAAAA:brSuMxhJomWpOUX3yECwVU664683hXivcG-ojpnkEqI3zBCBaEz7dYh4wbK-LlcXFYj3ms-qOqM#!
https://www.sciencedirect.com/science/article/pii/S0735193320304978?casa_token=MfjRHY910EwAAAAA:brSuMxhJomWpOUX3yECwVU664683hXivcG-ojpnkEqI3zBCBaEz7dYh4wbK-LlcXFYj3ms-qOqM#!
https://www.sciencedirect.com/science/journal/07351933
https://www.sciencedirect.com/science/journal/07351933/114/supp/C

Alshayji, A., Asadi, A. and Alarifi, I.M., On the Heat Transfer Effectiveness and Pumping Power
Assessment of a Diamond-Water Nanofluid Based on Thermophysical Properties: An
Experimental Study, Powder Technol., vol. 373, pp.397-410, 2020.

Aydin, D.Y., Guru, M. and Sozen, A., Experimental Investigation on Thermal Performance of
Thermosyphon Heat Pipe Using Dolomite/Deionized Water Nanofluid Depending on
Nanoparticle Concentration and Surfactant Type, Heat Transf. Res., vol. 51, no. 8, pp. 1073-
1085, 2020.

Bahmanabadi, A., Faegh, M. and Shafii, M.B., Experimental Examination of Utilizing Novel
Radially Grooved Surfaces in the Evaporator of a Thermosyphon Heat Pipe, Appl. Therm.
Eng., vol. 169, art. 114975, 2020.

Bai, C., Qiu, Y., Leng, X., Zhang, G. and Tian, M., Diverging/Converging Small Channel for
Condensation Heat Transfer Enhancement under Different Gravity Conditions, Int. J. Heat
Mass Transf., vol. 116, art. 104714, 2020.

Beardo, A., Hennessy, M.G., Sendra, L., Camacho, J., Myers, T.G., Bafaluy, J., and Alvarez,
F.X., Phonon Hydrodynamics in Frequency-Domain Thermoreflectance Experiments, Phys.

Rev. B, vol. 101, art. 075303, 2020.

Beigzadeh, R. and Eiamsa-ard, S., Genetic Algorithm Multiobjective Optimization of a Thermal
System with Three Heat Transfer Enhancement Characteristics, J. Enhanc. Heat Transf., vol.
27, no. 2, pp. 123-141, 2020.

Bezaatpour, M. and Goharkhah, M., Convective Heat Transfer Enhancement in a Double Pipe
Mini Heat Exchanger by Magnetic Field Induced Swirling Flow, Appl. Therm. Eng., vol.

167, art. 114801, 2020.

52


https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/article/pii/S1359431119310828?casa_token=otpkDysDbj8AAAAA:r2JGI0l9s7bPQ0hKWEkUasXB5AzyW8bZnRGYqn7vG_KBEwcl-uKF8FJn2ZZP4_j89vcq0eP3F_c#!
https://www.sciencedirect.com/science/article/pii/S1359431119310828?casa_token=otpkDysDbj8AAAAA:r2JGI0l9s7bPQ0hKWEkUasXB5AzyW8bZnRGYqn7vG_KBEwcl-uKF8FJn2ZZP4_j89vcq0eP3F_c#!
https://www.sciencedirect.com/science/journal/13594311

Bhagat, K. and Saha, S.K., Numerical Investigation of Entropy Generation during the Discharge
of Encapsulated Phase Change Material-Based Thermal Energy Storage, Heat Transf.
Res., vol. 51, no. 6, pp. 517-535, 2020.

Bhatt, G.R., Zhao, B., Roberts, S., Datta, I., Mohanty, A., Lin, T., Hartmann, J.M., St-Gelais, R.,
Fan, S. and Lipson, M., Integrated Near-Field Thermo-Photovoltaics for Heat Recycling, Nat.
Commun., vol. 11, art. 2545, 2020.

Birbarah, P., Gebrael, T., Foulkes, T., Stillwell, A., Moore, A., Pilawa-Podgurski, R. and
Miljkovic, N., Water Immersion Cooling of High Power Density Electronics, Int. J. Heat
Mass Transf., vol. 147, art. 118918, 2020.

Bonomo, G., Mohamed, A, Farid, S., Park, K., Dutta, M., and Stroscio, M.A., Contribution of
Remote Interface Polar Phonons in the Hole Mobility of Diamond, Diam. Relat. Mater., vol.

101, art. 107650, 2020.

Boussoukaia, T., Draoui, B. and Hamouda, M., Fractalization of Convective Flow upon Vertical
Grooved Disc/Air Interface, J. Enhanc.Heat Transf., vol. 27, no. 3, pp. 267-288, 2020.

Cai, Y., Nan, Y. and Guo, Z., Enhanced Absorption of Solar Energy in a Daylighting Louver
with Ni-Water Nanofluid, Int. J. Heat Mass Transf., vol. 158, art. 119921, 2020.

Cao, Q., Cui, Z., Shao, W., Optimization Method for Grooved Surface Structures Regrading the
Evaporation Heat Transfer of Ultrathin Liquid Films at the Nanoscale, Langmuir, vol. 36, pp.
2802-2815, 2020.

Chang, H.C., Rajagopal, M.C., Hoque, M.J., Oh, J., Li, L., Li, J., Zhao, H., Kuntumalla, G., Sundar,
S., Meng, Y., Shao, C., Ferreira, P.M., Salapaka, S.M., Sinha, S. and Miljkovic, N., Composite
Structured Surfaces for Durable Dropwise Condensation, Int. J. Heat Mass Transf., vol. 156,

art. 119890, 2020.

53



Chen, X., Wang, W., Han, H., Li, B. and Zhang, Y., Investigation on Heat Transfer Enhancement
and Velocity Matching in Heat Exchangers by Using Corrugated Tubes, Heat Transf. Res., vol.
51, no. 17, pp. 1545-1564, 2020a.

Chen, Y., Feng, X., Wang, X. and Xin, G., Heat Transfer Enhancement Characteristics of Gravity
Heat Pipe with Segmented Internal Helical Microfin, J. Enhanc. Heat Transf., vol. 27, no. 5,
pp. 389-406, 2020b.

Chen, Y., Hu, Y., Zhao, J., Deng, Y., Wang, Z., Cheng, X., Lei, D., Deng, Y. and Duan, H.,
Topology Optimization-Based Inverse Design of Plasmonic Nanodimer with Maximum Near-
Field Enhancement, Adv. Funct. Mater., vol. 30, art. 2000642, 2020c.

Cheng, Z., Mu, F., Yates, L., Suga, T., and Graham, S., Interfacial Thermal Conductance across
Room-Temperature-Bonded GaN/Diamond Interfaces for GaN-on-Diamond Devices, ACS
Appl. Mater. Interfaces, vol. 12, pp. 8376—8384, 2020a.

Cheng, Z., Koh, Y.R., Ahmad, H., Hu, R., Shi, J., Liao, M.E., Wang, Y., Bai, T., Li, R, Lee, E.,
Clinton, E.A., Matthews, C.M., Engel, Z., Yates, L., Luo, T., Goorsky, M.S., Doolittle, W.A.
Tian, Z., Hopkins, P.E., and Graham, S., Thermal Conductance across Harmonic-Matched
Epitaxial Al-Sapphire Heterointerfaces, Commun. Phys., vol. 3, art. 115, 2020b.

Chien, L.H., Chang, C.H. and Huang, H.A., Falling Film Evaporation on Serrated Fin Tubes, J.
Enhanc. Heat Transf., vol. 27, no. 4, pp. 313-328, 2020.

Chowdhury, P.R., Reynolds C., Garrett, A., Feng, T., Adiga, S.P., and Ruan, X., Machine
Learning Maximized Anderson Localization of Phonons in Aperiodic Superlattices, Nano

Energy, vol. 69, art. 104428, 2020.

54



Chu, W.X,, Tsai, C.A,, Lee, B.H., Cheng, K.Y. and Wang, C.C., Experimental Investigation on
Heat Transfer Enhancement with Twisted Tape Having Various V-Cut Configurations, Appl.
Therm. Eng., vol. 172, art. 115148, 2020.

Ciftci, E. and Sozen A., Nucleate Pool Boiling and Condensation Heat Transfer Characteristics
of Hexagonal Boron Nitride/Dichloromethane Nanofluid, Heat Transf. Res., vol. 51, no. 11,

pp. 1043-1059, 2020.

Cui, F., Li, N., Wy, P, Lu, X,, Chen, Y., Wang, Q. and Ma, T., Numerical Study on Performance
of a PCM-Based Solar Thermoelectric Energy-Harvesting Device in Alpine Region, J.

Enhanc. Heat Transf., vol. 27, no. 8, pp. 729-750, 2020.

Dai, J. and Tian, Z., Rigorous Formalism of Anharmonic Atomistic Green’s Function for Three-

Dimensional Interfaces, Phys. Rev. B, vol. 101, art. 041301, 2020.

Darshan, M.B., Kumar, R. and Das, A.K., Enhancement of Heat Transfer during Evaporation of
R407C by Providing Discrete Structures inside Tube, J. Enhanc. Heat Transf., vol. 27, no. 6,

pp. 527-544, 2020.

Diani, A., Brunello, P. and Rossetto, L., R513A Condensation Heat Transfer inside Tubes:
Microfin Tube vs. Smooth Tube, Int. J. Heat Mass Transf., vol. 152, art. 119472, 2020.

Ding, Z., Wu, W., Chen, Y. and Leung, M., Dynamic Characteristics and Performance
Improvement of a High-Efficiency Double-Effect Thermal Battery for Cooling and

Heating, Appl. Energy, vol. 264, art. 114768, 2020.

Dixit, D.D. and Pattamatta, A., Effect of Uniform External Magnetic-Field on Natural Convection
Heat Transfer in a Cubical Cavity Filled with Magnetic Nano-Dispersion, Int. J. Heat Mass

Transf., 146, art. 118828, 2020.

55


https://www.sciencedirect.com/science/article/pii/S1359431119384017?casa_token=nIrTYVwupuEAAAAA:4ap4Lf0vY3Ss5F7vvUIpLXhHOjDaceeHwbBuB2Vo03HfTyLzylCrV-lsLmAiVc_40JfvVnmJNQM#!
https://www.sciencedirect.com/science/article/pii/S1359431119384017?casa_token=nIrTYVwupuEAAAAA:4ap4Lf0vY3Ss5F7vvUIpLXhHOjDaceeHwbBuB2Vo03HfTyLzylCrV-lsLmAiVc_40JfvVnmJNQM#!
https://www.sciencedirect.com/science/article/pii/S1359431119384017?casa_token=nIrTYVwupuEAAAAA:4ap4Lf0vY3Ss5F7vvUIpLXhHOjDaceeHwbBuB2Vo03HfTyLzylCrV-lsLmAiVc_40JfvVnmJNQM#!
https://www.sciencedirect.com/science/article/pii/S1359431119384017?casa_token=nIrTYVwupuEAAAAA:4ap4Lf0vY3Ss5F7vvUIpLXhHOjDaceeHwbBuB2Vo03HfTyLzylCrV-lsLmAiVc_40JfvVnmJNQM#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311
http://www.dl.begellhouse.com/journals/46784ef93dddff27,2b382980270f614e,1a7ddafb4d0c6712.html
http://www.dl.begellhouse.com/journals/46784ef93dddff27,2b382980270f614e,1a7ddafb4d0c6712.html
http://www.dl.begellhouse.com/journals/46784ef93dddff27,2b382980270f614e,1a7ddafb4d0c6712.html
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/article/pii/S0017931019336051?casa_token=Vor2BDsQjAEAAAAA:iy4uny2o5veu94ZONxOBptNdhg_Q0A2oWgvzcaeQKMgO9rxkQKYAzNTMAJrD4bAgOP_9xsz5PDY#!
https://www.sciencedirect.com/science/article/pii/S0017931019336051?casa_token=Vor2BDsQjAEAAAAA:iy4uny2o5veu94ZONxOBptNdhg_Q0A2oWgvzcaeQKMgO9rxkQKYAzNTMAJrD4bAgOP_9xsz5PDY#!
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310

Ekiciler, R., Cetinkaya, M.S.A. and Arslan, K., Heat Transfer Enhancement in an Equilateral
Triangular Duct by Using an Al,Oz/Water Nanofluid: Effect of Nanoparticle Shape and VVolume
Fraction, Heat Transf. Res., vol. 51, no. 8, pp. 741-757, 2020.

Essa, F.A., Abdullah, A.S. and Omara, Z.M., Rotating Discs Solar Still: New Mechanism of
Desalination, J. Cleaner Production, vol. 275, art. 123200, 2020,

Evangeli, C., McCann, E., Swett, J.L., Tewari, S., Bian, X., Thomas, J., Briggs, G.A.D.,

Kolosov, O.V., and Mol, J.A., Experimental Evidence of Disorder Enhanced Electron-Phonon

Scattering in Graphene Devices, Carbon, vol. 99, art. 15923, 2020.

Fares, M., Mohammad, A.M. and Mohammed, A.S., Heat Transfer Analysis of a Shell and Tube
Heat Exchanger Operated with Graphene Nanofluids, Case Stud. Therm. Eng., vol. 18, art.
100584, 2020.

Fathian, F., Mirjalily, S.A.A., Salimpour, M.Z. and Oloomi, S.A.A., Experimental Investigation
of Convective Heat Transfer of Single and Multi-Walled Carbon Nanotubes/Water Flow inside
Helical Annuli, J. Enhanc. Heat Transf., vol. 27, no. 3, pp. 195-206, 2020.

Field, D.E., Cuenca, J.A., Smith, M., Fairclough, S.M., Massabuau, F.P., Pomeroy, JW.,
Williams, O., Oliver, R.A., Thayne, 1., and Kuball, M., Crystalline Interlayers for Reducing
the Effective Thermal Boundary Resistance in GaN-on-Diamond, ACS Appl. Mater.

Interfaces, vol. 12, pp. 54138-54145, 2020.

Gan, J.S., Yu, H., Tan, M.K,, Soh, A.K., Wu, H.A. and Hung, Y.M., Performance Enhancement
of Graphene-Coated Micro Heat Pipes for Light-Emitting Diode Cooling, Int. J. Heat Mass

Transf., vol. 154, art. 119687, 2020.

56



Ghalambaz, M., Mehryan, S.A.M., Zahmatkesh, I. and Chamkha, A., Free Convection Heat
Transfer Analysis of a Suspension of Nano—Encapsulated Phase Change Materials (NEPCMS)
in an Inclined Porous Cavity, Int. J. Therm. Sci., vol. 157, art. 106503, 2020.

Giwa, S.O., Sharifpur, M. and Meyer, J.P., Effects of Uniform Magnetic Induction on Heat
Transfer Performance of Aqueous Hybrid Ferrofluid in a Rectangular Cavity, Appl. Therm.

Eng., vol. 180, art. 115004, 2020.

Gouda, R.K., Pathak, M. and Khan, M.K., A Biosurfactant as Prospective Additive for Pool
Boiling Heat Transfer Enhancement, Int. J. Heat Mass Transf., vol. 150, art. 119292, 2020.

Guo, S., Xiao, G., Wang, X. and Du, Y., Study on The Characteristics of Cascade Heat Storage
Based on Series Composite Phase Change Materials, Heat Transf. Res., vol. 51, no. 10, pp.

925-935, 2020.

Guo, Z., Heat Transfer Enhancement — A Brief Review of 2018 Literature, J. Enhanc. Heat
Transf., vol. 26, no. 5, pp. 429-449, 2019.

Guo, Z., Tao, Y.X.,, Nan, Y., Zhang, H., Huang. X., Cao, H.X., Min, J., Cai, Y.M., Hao, Y.H.
and Tang, N.-J., An Overview of Heat Transfer Enhancement Literature In 2019, Heat Transf.
Res., vol. 51, pp. 807-824, 2020.

Guo, Z., A Review on Heat Transfer Enhancement with Nanofluids, J. Enhanc. Heat Transf.,

vol. 27, no. 1, pp. 1-70, 2020.

Gupta, N.K., Verma, S.K., Rathore, P.K.S. and Sharma, A., Effects of Cuo/Water Nanofluid
Application on Thermal Performance of Mesh Wick Heat Pipe, Heat Transf. Res., vol. 51, no.

9, pp. 837-850, 2020.

57


https://www.sciencedirect.com/science/article/pii/S1359431119362325?casa_token=NftioUC6b0gAAAAA:eRFc30HqKfB3yvu6oBirjq6XUm2UXCqqpeaCOFZbvGpEvj2ui-8wcEahE33P4ymz3pvo9xPGPus#!
https://www.sciencedirect.com/author/23092177300/mohsen-sharifpur
https://www.sciencedirect.com/science/article/pii/S1359431119362325?casa_token=NftioUC6b0gAAAAA:eRFc30HqKfB3yvu6oBirjq6XUm2UXCqqpeaCOFZbvGpEvj2ui-8wcEahE33P4ymz3pvo9xPGPus#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/article/pii/S0017931019324688?casa_token=LrjD8AYeYE0AAAAA:jVsEFM4MFSsoV7Aym8pqF1z5tQEz6fEZ3FIf7EJEf-pEfv1eYSqmib27cRaChIAusASwEsWXVCM#!
https://www.sciencedirect.com/science/article/pii/S0017931019324688?casa_token=LrjD8AYeYE0AAAAA:jVsEFM4MFSsoV7Aym8pqF1z5tQEz6fEZ3FIf7EJEf-pEfv1eYSqmib27cRaChIAusASwEsWXVCM#!
https://www.sciencedirect.com/science/journal/00179310

Hajjar, A., Mehryan, S.A.M. and Ghalambaz, M., Time Periodic Natural Convection Heat Transfer
in a Nano-Encapsulated Phase-Change Suspension, Int. J. Mech. Sci., vol. 166, art. 105243,
2020.

Han, H.S., Kim, C.H. and Kim, N.H., Heat Transfer and Pressure Drop during Evaporation of R-
410A in Aluminum Extruded Enhanced Tubes, J. Enhanc. Heat Transf., vol. 27, no. 4, pp.

329-345, 2020.

Haridas, D., Singh, V. and Srivastava, A., An Experimental Investigation of Heat Transfer
Performance of Wavy Channels under Laminar Flow Conditions: An Interferometric Study, J.
Enhanc. Heat Transf., vol. 27, no. 6, pp. 561-576, 2020.

Hashim, M., Viswanathan, N.N. and Sridharan, A., Wetting Front Studies on Heated Plate with
Orthogonal Water Jet Impingement, J. Enhanc. Heat Transf., vol. 27, no. 6, pp. 577-593, 2020.

Hassan, M., Mohammad, C. and Shahabadi, A.M., Numerical Study on the Heat Transfer
Enhancement and Pressure Drop Inside Deep Dimpled Tubes, Int. J. Heat Mass Transf., vol.
147, art. 118845, 2020.

Ho, J.C., Liu, Y.C., Ghalambaz, M. and Yan, W.M., Forced Convection Heat Transfer of Nano-
Encapsulated Phase Change Material (NEPCM) Suspension In A Mini-Channel Heatsink, Int.
J. Heat Mass Transf., vol. 155, art. 119858, 2020a.

Ho, J.Y., Leong, K.C. and Wong, T.N., Additively-Manufactured Metallic Porous Lattice Heat
Exchangers for Air-Side Heat Transfer Enhancement, Int. J. Heat Mass Transf., vol. 150, art.
119262, 2020b.

He, M.J., Qi, H., Ren, Y.T., Zhao, Y.J., Antezza, M., Magnetoplasmonic Manipulation of
Nanoscale Thermal Radiation Using Twisted Graphene Gratings, Int. J. Heat Mass Transf.,

vol. 150, art. 119305, 2020.

58


https://www.sciencedirect.com/science/article/pii/S0020740319327262?casa_token=bvAwq1YvGYgAAAAA:ujUHHC3x6YkCwboq7341xyNcn8Soi09SZfqyAF1sHSGK_OggkS94ldBtahZPWzmlybi8p01LULI#!
https://www.sciencedirect.com/science/article/pii/S0020740319327262?casa_token=bvAwq1YvGYgAAAAA:ujUHHC3x6YkCwboq7341xyNcn8Soi09SZfqyAF1sHSGK_OggkS94ldBtahZPWzmlybi8p01LULI#!
https://www.sciencedirect.com/science/article/pii/S0020740319327262?casa_token=bvAwq1YvGYgAAAAA:ujUHHC3x6YkCwboq7341xyNcn8Soi09SZfqyAF1sHSGK_OggkS94ldBtahZPWzmlybi8p01LULI#!
https://www.sciencedirect.com/science/journal/00207403
https://www.sciencedirect.com/science/journal/00207403/166/supp/C
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7fa7425d36c3e1af,79c902b27b66a777.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7fa7425d36c3e1af,79c902b27b66a777.html
https://www.sciencedirect.com/science/article/pii/S0017931019319519?casa_token=zojU3gN9xawAAAAA:07AUdDBsNUwScp36VVI-UwWtikTJVw7Kb2E5TfbIBHZhBDAMEw9Pmb4Um36UFu8cJEWU4l1dVPo#!
https://www.sciencedirect.com/science/article/pii/S0017931019319519?casa_token=zojU3gN9xawAAAAA:07AUdDBsNUwScp36VVI-UwWtikTJVw7Kb2E5TfbIBHZhBDAMEw9Pmb4Um36UFu8cJEWU4l1dVPo#!
https://www.sciencedirect.com/science/article/pii/S0017931019319519?casa_token=zojU3gN9xawAAAAA:07AUdDBsNUwScp36VVI-UwWtikTJVw7Kb2E5TfbIBHZhBDAMEw9Pmb4Um36UFu8cJEWU4l1dVPo#!
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/article/pii/S0017931020303641?casa_token=szXm0Hqo6H0AAAAA:hYvipnPlepAFNdK-2G9-kT-0UWgyDnfg9FMQPQ94NfHynV9al6LI6Z5Xsigheu58ECLNp84n49s#!
https://www.sciencedirect.com/science/article/pii/S0017931020303641?casa_token=szXm0Hqo6H0AAAAA:hYvipnPlepAFNdK-2G9-kT-0UWgyDnfg9FMQPQ94NfHynV9al6LI6Z5Xsigheu58ECLNp84n49s#!
https://www.sciencedirect.com/science/article/pii/S0017931020303641?casa_token=szXm0Hqo6H0AAAAA:hYvipnPlepAFNdK-2G9-kT-0UWgyDnfg9FMQPQ94NfHynV9al6LI6Z5Xsigheu58ECLNp84n49s#!
https://www.sciencedirect.com/author/57200197835/wei-mon-yan
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/article/pii/S0017931019355140?casa_token=ZTw_hrRoXcoAAAAA:5_gfwRqFdb_4bGY5u9AzKtexdn8Cpv8HHIbts_K33wm8jbgc74F5SzVeD_vJiSDJJnn_LnL6t6g#!
https://www.sciencedirect.com/science/article/pii/S0017931019355140?casa_token=ZTw_hrRoXcoAAAAA:5_gfwRqFdb_4bGY5u9AzKtexdn8Cpv8HHIbts_K33wm8jbgc74F5SzVeD_vJiSDJJnn_LnL6t6g#!
https://www.sciencedirect.com/science/article/pii/S0017931019355140?casa_token=ZTw_hrRoXcoAAAAA:5_gfwRqFdb_4bGY5u9AzKtexdn8Cpv8HHIbts_K33wm8jbgc74F5SzVeD_vJiSDJJnn_LnL6t6g#!
https://www.sciencedirect.com/science/journal/00179310

Hsieh, S.S., Hsieh, Y.C., Hsu, Y.C. and Huang, C.F., Low Reynolds Numbers Convective Heat
Transfer Enhancement in Roughened Microchannels, Int. Comm. Heat Mass Transf., vol.
112, art. 104486, 2020.

Hu, H., Weibel, J.A., Garimella, S.V., Role of Nanoscale Roughness In The Heat Transfer
Characteristics of Think Film Evaporation, Int. J. Heat Mass Transf., vol. 150, art. 119306,

2020a.

Hu, R., Iwamoto, S., Feng, L., g Ju, S., Hu, S., Ohnishi, M., Nagai, N., Hirakawa, K. and Shiomi,
J., Machine-Learning-Optimized Aperiodic Superlattice Minimizes Coherent Phonon Heat

Conduction, Phys. Rev. X, vol. 10, art. 021050, 2020b.

Huang, C., Xu, M. and Huai, X.L., Thermodynamic Analysis of a Fixed-Bed Reactor for the
Thermochemical Energy Storage System Ca(Oh) »/Cao, Heat Transf. Res., vol. 51, no. 16, pp.
1497-1516, 2020a.

Huang, G., Liu, W., Luo, Y. and Li, Y., A Novel Ultra-Thin Vapor Chamber for Heat
Dissipation in Ultra-Thin Portable Electronic Devices, Appl. Therm. Eng., vol. 167, art.
114726, 2020b.

Huang, X. and Guo, Z., High Thermal Conductance across C-BN/Diamond Interface, Diam.
Relat. Mater., vol. 108, art. 107979, 2020.

Ispir, A.C., and Onbasioglu, S.U., Experimental Investigation of the Effect of Dimensions on
Nucleate Boiling Heat Transfer in Straight Tunnel-Structured Boiling Surfaces, J. Enhanc.
Heat Transf., vol. 27, no. 2, pp. 101-122, 2020.

Jafari, H. and Goharkhah, M., Application of Electromagnets for Forced Convective Heat Transfer

Enhancement of Magnetic Fluids, Int. J. Therm. Sci., vol. 157, art. 106495, 2020.

59


https://www.sciencedirect.com/science/article/pii/S0735193320300117?casa_token=G-N7E-IadUoAAAAA:ykEle9jNhGo5hm0YEjXg5GSi1Cyz-Kcdri_QwfpFSjrtzBy2oyunYoLvRqFyyI3OGlpCGSxc_yk#!
https://www.sciencedirect.com/science/article/pii/S0735193320300117?casa_token=G-N7E-IadUoAAAAA:ykEle9jNhGo5hm0YEjXg5GSi1Cyz-Kcdri_QwfpFSjrtzBy2oyunYoLvRqFyyI3OGlpCGSxc_yk#!
https://www.sciencedirect.com/science/article/pii/S0735193320300117?casa_token=G-N7E-IadUoAAAAA:ykEle9jNhGo5hm0YEjXg5GSi1Cyz-Kcdri_QwfpFSjrtzBy2oyunYoLvRqFyyI3OGlpCGSxc_yk#!
https://www.sciencedirect.com/science/article/pii/S0735193320300117?casa_token=G-N7E-IadUoAAAAA:ykEle9jNhGo5hm0YEjXg5GSi1Cyz-Kcdri_QwfpFSjrtzBy2oyunYoLvRqFyyI3OGlpCGSxc_yk#!
https://www.sciencedirect.com/science/journal/07351933
https://www.sciencedirect.com/science/journal/07351933/114/supp/C
https://www.sciencedirect.com/science/journal/07351933/114/supp/C
https://www.sciencedirect.com/science/article/pii/S1290072920305500?casa_token=efhzwS1bFNAAAAAA:8T2_zwl9wRkb0MigyyRlymcMiITUyQWv-NIp6YsPvgemJlzpIVbyIJrfR6-dnjyheScTsLynXfI#!
https://www.sciencedirect.com/science/article/pii/S1290072920305500?casa_token=efhzwS1bFNAAAAAA:8T2_zwl9wRkb0MigyyRlymcMiITUyQWv-NIp6YsPvgemJlzpIVbyIJrfR6-dnjyheScTsLynXfI#!
https://www.sciencedirect.com/science/journal/12900729
https://www.sciencedirect.com/science/journal/12900729/153/supp/C

Jiang, C., Bai, B., Wang, H., Shi, J., Tang, X. and Zhou, W., Heat Transfer Enhancement of Plate
Heat Exchangers with Symmetrically Distributed Capsules to Generate Counter-Rotating
Vortices, Int. J. Heat Mass Transf., vol. 151, art. 119455, 2020.

Joshi, S.N., Lohan, D.J. and Dede, E.M., Two-Phase Performance of a Hybrid Jet Plus Multipass
Microchannel Heat Sink, J. Therm. Sci. Eng. Appl., vol. 12, art. 011019, 2020.

Jouhara, H., Zabnienska-Gora, A., Khordehgah, N., Ahmad, D. and Lipinski, T., Latent Thermal
Energy Storage Technologies and Applications: A Review, Int. J. Thermofluids, vol. 5, art.
100039, 2020.

Jourabian, M., Yuan, S., Zhang, J., Li, Y. and Darzi, A.A.R., Integrated Influences of Inclination,
Nanofluids, and Fins on Melting inside a Horizontal Enclosure with Cross Section of Major
Circle Sector, Heat Transf. Res., vol. 51, no. 7, pp. 641-688, 2020a.

Jourabian, M., Yuan, S., Zhang, J., Li, Y., Darzi, A.A.R. and Bayat, A., Melting within
Horizontal H-Shaped Enclosure with Adiabatic Curved Boundary Affected by Inclination,
Mono/Hybrid Nanofluids and Fins, J. Enhanc. Heat Transf., vol. 27, no. 5, pp. 407-437,
2020b.

Kabeel, A.E., Sathyamurthy, R., Manokar, A.M., Sharshir, S.W., Essa, F.A. and Elshiekh, A.H.,
Experimental Study on Tubular Solar Still Using Graphene Oxide Nano Particles in Phase
Change Material (NPCM's) for Fresh Water Production, J. Energy Storage, vol. 28, art.
101204, 2020.

Kanthimathi, T., Bhramara, P. and Abhiram, G., Experimental Investigations on Thermal
Performance of Double Pipe Heat Exchanger Using EG-Water-Based SiC Nanofluid, J.

Enhanc. Heat Transf., vol. 27, no. 3, pp. 249-266, 2020a.

60


https://www.sciencedirect.com/science/article/pii/S0017931019356649?casa_token=RR37azCdK_sAAAAA:S-cnYxEGvwEjdz_oFfhvGihyXC0NbT8tZNmon_tUSXtFk39Bd-igFs3s6x2cE8Wd4ZdzVRe9uOs#!
https://www.sciencedirect.com/science/article/pii/S0017931019356649?casa_token=RR37azCdK_sAAAAA:S-cnYxEGvwEjdz_oFfhvGihyXC0NbT8tZNmon_tUSXtFk39Bd-igFs3s6x2cE8Wd4ZdzVRe9uOs#!
https://www.sciencedirect.com/science/article/pii/S0017931019356649?casa_token=RR37azCdK_sAAAAA:S-cnYxEGvwEjdz_oFfhvGihyXC0NbT8tZNmon_tUSXtFk39Bd-igFs3s6x2cE8Wd4ZdzVRe9uOs#!
https://www.sciencedirect.com/science/article/pii/S0017931019356649?casa_token=RR37azCdK_sAAAAA:S-cnYxEGvwEjdz_oFfhvGihyXC0NbT8tZNmon_tUSXtFk39Bd-igFs3s6x2cE8Wd4ZdzVRe9uOs#!
https://www.sciencedirect.com/science/article/pii/S0017931019356649?casa_token=RR37azCdK_sAAAAA:S-cnYxEGvwEjdz_oFfhvGihyXC0NbT8tZNmon_tUSXtFk39Bd-igFs3s6x2cE8Wd4ZdzVRe9uOs#!
https://www.sciencedirect.com/science/article/pii/S0017931019356649?casa_token=RR37azCdK_sAAAAA:S-cnYxEGvwEjdz_oFfhvGihyXC0NbT8tZNmon_tUSXtFk39Bd-igFs3s6x2cE8Wd4ZdzVRe9uOs#!
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310/152/supp/C

Kanthimathi, T., Bhramara, P., Abhiram, G. and Shaik, A., Experimental Investigation of
Thermal Performance of Ethylene Glycol-Water-Based Fe3O4, SiC, and Hybrid Nanofluids, J.
Enhanc. Heat Transf., vol. 27, no. 7, pp. 595-616, 2020b.

Ke, Z., Chen, C.L., Li, K. and Wang, Sheng, Enhancement of Heat Transfer by Out-Of-Phase Self-
Vibration through Fluid Structure Interaction, J. Enhanc. Heat Transf., vol. 27, no. 7, pp. 643-
663, 2020.

Kewalramani, G.V., Hedau, G., Saha, S.K. and Agrawal, A., Effect of Short Pin Fin with
Different Shapes and Arrangements on Thermal Resistance of Micro Heat Sink, J. Enhanc.
Heat Transf., vol. 27, no. 6, pp. 491-503, 2020.

Khoshvaght-Aliabadi, M. and Feizabadi, A., Compound Heat Transfer Enhancement of Helical
Channel with Corrugated Wall Structure, Int. J. Heat Mass Transf., 146, art. 118858, 2020.

Kim, N.H., Heat Transfer and Pressure Drop during Condensation of R-410A an Aluminum
Extruded Enhanced Tubes, Heat Transf. Res., vol. 51, no. 10, pp. 975-990, 2020.

Kim, T.G., Park, C.W., Kim, Y.I., Aldalbahi, A., Rahaman, M. and Yoon, S.S., Supersonically
Sprayed Carbon Nanotubes and Silver Nanowires as Efficient Heat Spreaders and Cooling
Films, Int. J. Appl. Phys., vol. 127, art. 105105, 2020.

Kiwan, S., Alwan, H. and Abdelal, N., An Experimental Investigation of the Natural Convection
Heat Transfer from a Vertical Cylinder Using Porous Fins, Appl. Therm. Eng., vol. 179, art.
115673, 2020.

Klemes, J.J., Wang, Q.W., Varbanov, P.S., Zeng, M., Chin, H.H., Lal, N.S., Li, N.Q., Wang, B.,
Wang, X.C. and Walmsley, T.G., Heat Transfer Enhancement, Intensification and
Optimisation in Heat Exchanger Network Retrofit and Operation, Renew. Sustain. Energy

Rev., vol. 120, art. 109644, 2020.

61


http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,105fbb46197be13c,319f177d63f2106d.html
https://www.sciencedirect.com/science/article/pii/S0017931019334921?casa_token=V17ySzPqR00AAAAA:9jL0vobANVFUKE6gch6Vp8G-AgFonf1QHMqomJfMx-4BfNQPyBqoYfcsaTef1RBZFCeWpvea2z0#!
https://www.sciencedirect.com/science/article/pii/S0017931019334921?casa_token=V17ySzPqR00AAAAA:9jL0vobANVFUKE6gch6Vp8G-AgFonf1QHMqomJfMx-4BfNQPyBqoYfcsaTef1RBZFCeWpvea2z0#!
https://www.sciencedirect.com/science/journal/00179310
http://www.dl.begellhouse.com/journals/46784ef93dddff27,5505369b748e605a,54a57212658ed7e3.html
http://www.dl.begellhouse.com/journals/46784ef93dddff27,5505369b748e605a,54a57212658ed7e3.html
https://www.sciencedirect.com/science/article/pii/S1359431120331550?casa_token=hctilakrSZIAAAAA:5JiBlatp1lYuxvHyj9E9A9X_vKFI30NRX9ekNvolQ0DqDhPEiYoi9r0A8e4oUy-IVy5WCpUIa3g#!
https://www.sciencedirect.com/science/article/pii/S1359431120331550?casa_token=hctilakrSZIAAAAA:5JiBlatp1lYuxvHyj9E9A9X_vKFI30NRX9ekNvolQ0DqDhPEiYoi9r0A8e4oUy-IVy5WCpUIa3g#!
https://www.sciencedirect.com/science/article/pii/S1359431120331550?casa_token=hctilakrSZIAAAAA:5JiBlatp1lYuxvHyj9E9A9X_vKFI30NRX9ekNvolQ0DqDhPEiYoi9r0A8e4oUy-IVy5WCpUIa3g#!
https://www.sciencedirect.com/science/journal/13594311

Kong, L., Liu, Z., Jia, L., Lv, M. and Liu, Y., Experimental Study on Flow and Heat Transfer
Characteristics at Onset of Nucleate Boiling in Micro Pin Fin Heat Sinks, Exp. Therm. Fluid
Sci., vol. 115, art. 109946, 2020.

Krakov, M.S. and Nikiforov, 1.V., Influence of the Shape of The Inner Boundary on
Thermomagnetic Convection in the Annulus between Horizontal Cylinders: Heat Transfer
Enhancement, Int. J. Therm. Sci., vol. 153, art. 106374, 2020.

Kumar, B., Patil, A.K., Kumar, M. and Jain, S., Performance Enhancement by Perforated Twisted
Tape Tube Insert with Single and Double V Cuts in a Heat Exchanger Tube, Heat Transf. Res.,
vol. 51, no. 5, pp. 395-406, 2020a.

Kumar, N., QaisarRaza, M., Sinha, K.N.R., Seth, D., and Raj, R., Amphiphilic Additives to
Enhance Pool Boiling Heat Transfer in Confined Spaces, J. Enhanc. Heat Transf., vol. 27, no.
6, pp. 545-560, 2020b.

Kumar, S., Shandilya, M., Chauhan, A., Maithani, R. and Kumar, A., Experimental Analysis of
Zinc Oxide/Water/Ethylene Glycol-Based Nanofluid in a Square Duct Roughened with
Inclined Ribs, J. Enhanc. Heat Transf., vol. 27, no. 8, pp. 687-709, 2020c.

Kumar, S.D., Chandramohan, D., Purushothaman, K. and Sathish, T., Optimal Hydraulic and
Thermal Constrain for Plate Heat Exchanger Using Multi Objective Wale Optimization.
Mater. Today, vol. 21, pp. 876-881, 2020d.

Kurnia, J.C., Chaedir, B.A. and Sasmito, A.P., Laminar Convective Heat Transfer in Helical Tube
with Twisted Tape Insert, Int. J. Heat Mass Transf., vol. 150, art. 119309, 2020.

Lee, J-W., Ji, D- Y., Lee, K-Y. and Hwang, W., A Study of Droplet-Behavior Transition on
Superhydrophobic Surfaces for Efficiency Enhancement of Condensation Heat Transfer, ACS

Omega, vol. 5, pp. 27880-27885, 2020a.

62


http://www.dl.begellhouse.com/journals/46784ef93dddff27,5505369b748e605a,54a57212658ed7e3.html
http://www.dl.begellhouse.com/journals/46784ef93dddff27,5505369b748e605a,54a57212658ed7e3.html
https://www.sciencedirect.com/science/article/pii/S1290072920300855?casa_token=QyCb_t89PNsAAAAA:KY-eOWKzKEIpAxQJu0dNRyN89E4_-dXSCtcop9EALnA-xad-0_Ac3j0TLTx_tf37QF857k9mc2w#!
https://www.sciencedirect.com/science/article/pii/S1290072920300855?casa_token=QyCb_t89PNsAAAAA:KY-eOWKzKEIpAxQJu0dNRyN89E4_-dXSCtcop9EALnA-xad-0_Ac3j0TLTx_tf37QF857k9mc2w#!
https://www.sciencedirect.com/science/journal/12900729
https://www.sciencedirect.com/science/journal/12900729/153/supp/C
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7fa7425d36c3e1af,08dbea3c2832aa8e.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7fa7425d36c3e1af,08dbea3c2832aa8e.html
https://www.sciencedirect.com/science/article/pii/S001793101935152X?casa_token=9zIlcNA4LZoAAAAA:qHXAn5tlR795YPnsLjqQjR5RVHzj0bE7XMY9_GiDnxITurbMs7Hjt1vlqXSHStMw7610A9-JSLs#!
https://www.sciencedirect.com/science/article/pii/S001793101935152X?casa_token=9zIlcNA4LZoAAAAA:qHXAn5tlR795YPnsLjqQjR5RVHzj0bE7XMY9_GiDnxITurbMs7Hjt1vlqXSHStMw7610A9-JSLs#!
https://www.sciencedirect.com/science/article/pii/S001793101935152X?casa_token=9zIlcNA4LZoAAAAA:qHXAn5tlR795YPnsLjqQjR5RVHzj0bE7XMY9_GiDnxITurbMs7Hjt1vlqXSHStMw7610A9-JSLs#!
https://www.sciencedirect.com/science/journal/00179310

Lee, S., Suh, D., Kim, W., Xu, C., Kim, T., Song, C., Yoo, C., Kim, Y., Kim, J., and Baik, S.,
Carbon Nanotube Covalent Bonding Mediates Extraordinary Electron and Phonon Transports

in Soft Epoxy Matrix Interface Materials, Carbon, vol. 157, pp. 12-21, 2020b.

Legay, M., Bulliard-Sauret, O., Ferrouillat, S., Boldo, P. and Gondrexon, N., Methods to Evaluate
Heat Transfer Enhancement in an Ultrasonic Heat Exchanger, Heat Transf. Eng., vol. 41, no.
17, pp. 1457-1472, 2020.

Li, L. and Du, X., Influence of Noncondensable Gas to Condensation of Water in a Nanoscale
Space Using Molecular Dynamics Simulation, J. Enhanc. Heat Transf., vol. 27, no. 2, pp. 85-

100, 2020.

Li, C., Wang, M., Xie, B., Ma, H. and Chen, J., Enhanced Properties of Diatomite-Based
Composite Phase Change Materials for Thermal Energy Storage, Renew. Energy, vol. 147,

pp.265-274, 2020a.

Li, M., Qu, J., Zhang, J., Wei, J. and Tao, W., Air Side Heat Transfer Enhancement Using
Radiantly Arranged Winglets in Fin-and-Tube Heat Exchanger, Int. J. Therm. Sci., vol. 156,
art. 106470, 2020b.

Li, P., Guo, D. and Huang, X., Heat Transfer Enhancement, Entropy Generation and Temperature
Uniformity Analyses of Shark-Skin Bionic Modified Microchannel Heat Sink, Int. J. Heat Mass
Transf., vol. 146, art. 118846, 2020c.

Li, W., Klemes, J.J., Wang, Q. and Zeng, M., Development and Characteristics Analysis of Salt-
Hydrate Based Composite Sorbent for Low-Grade Thermochemical Energy Storage, Renew.

Energy, vol. 157, pp. 920-940, 2020d.

63


https://www.tandfonline.com/author/Legay%2C+Mathieu
https://www.tandfonline.com/author/Bulliard-Sauret%2C+Odin
https://www.tandfonline.com/author/Ferrouillat%2C+S%C3%A9bastien
https://www.tandfonline.com/author/Boldo%2C+Primius
https://www.tandfonline.com/author/Gondrexon%2C+Nicolas
https://www.sciencedirect.com/science/article/pii/S1290072919316497?casa_token=r4_-2lnjoTAAAAAA:vUh3vkDqabSqBhV74A5r33YpV4GB4NWSBU5Hzya1rTFs2vLVC6RddretBazhDIBalZNEWM-mZ4E#!
https://www.sciencedirect.com/science/article/pii/S1290072919316497?casa_token=r4_-2lnjoTAAAAAA:vUh3vkDqabSqBhV74A5r33YpV4GB4NWSBU5Hzya1rTFs2vLVC6RddretBazhDIBalZNEWM-mZ4E#!
https://www.sciencedirect.com/science/article/pii/S1290072919316497?casa_token=r4_-2lnjoTAAAAAA:vUh3vkDqabSqBhV74A5r33YpV4GB4NWSBU5Hzya1rTFs2vLVC6RddretBazhDIBalZNEWM-mZ4E#!
https://www.sciencedirect.com/science/article/pii/S1290072919316497?casa_token=r4_-2lnjoTAAAAAA:vUh3vkDqabSqBhV74A5r33YpV4GB4NWSBU5Hzya1rTFs2vLVC6RddretBazhDIBalZNEWM-mZ4E#!
https://www.sciencedirect.com/science/article/pii/S1290072919316497?casa_token=r4_-2lnjoTAAAAAA:vUh3vkDqabSqBhV74A5r33YpV4GB4NWSBU5Hzya1rTFs2vLVC6RddretBazhDIBalZNEWM-mZ4E#!
https://www.sciencedirect.com/science/journal/12900729
https://www.sciencedirect.com/science/journal/12900729/153/supp/C
https://www.sciencedirect.com/science/article/pii/S0017931019324688?casa_token=LrjD8AYeYE0AAAAA:jVsEFM4MFSsoV7Aym8pqF1z5tQEz6fEZ3FIf7EJEf-pEfv1eYSqmib27cRaChIAusASwEsWXVCM#!
https://www.sciencedirect.com/science/article/pii/S0017931019324688?casa_token=LrjD8AYeYE0AAAAA:jVsEFM4MFSsoV7Aym8pqF1z5tQEz6fEZ3FIf7EJEf-pEfv1eYSqmib27cRaChIAusASwEsWXVCM#!
https://www.sciencedirect.com/science/article/pii/S0017931019324688?casa_token=LrjD8AYeYE0AAAAA:jVsEFM4MFSsoV7Aym8pqF1z5tQEz6fEZ3FIf7EJEf-pEfv1eYSqmib27cRaChIAusASwEsWXVCM#!
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310

Li, Y.F.,, Xia, G.D., Ma, D.D., Yang, J.L. and Li, W., Experimental Investigation of Flow
Boiling Characteristics in Microchannel with Triangular Cavities and Rectangular Fins, Int. J.

Heat Mass Transf., vol. 148, art. 119036, 2020e.

Lin, X., Mo, S., Mo, B., Jia, L., Chen, Y. and Cheng, Z., Thermal Management of High-Power
LED Based on Thermoelectric Cooler and Nanofluid-Cooled Microchannel Heat Sink, Appl.
Therm. Eng., vol. 172, art. 115165, 2020.

Li, Y.F., Xia, G.D., Ma, D.D., Yang, J.L. and Li, W., Experimental Investigation of Flow Boiling
Characteristics in Microchannel with Triangular Cavities and Rectangular Fins, Int. J. Heat
Mass Transf., vol. 148, art. 119036, 2020.

Liang, G., Chen, Y., Yang, H., Li, D. and Shen, S., Nucleate Boiling Heat Transfer and Critical
Heat Flux (CHF) from Micro-Pit Surfaces, Int. J. Heat Mass Transf., vol. 152, art. 119510,

2020.

Liu, H., Ahmad, S., Chen, J., Zhao, J., Molecular Dynamics Study of the Nanoscale Boiling Heat
Transfer Process on Nanostructured Surfaces, Int. Commun. Heat Mass Transf., vol. 119, art.

104963, 2020a.

Liu, S., Jiao, Y., Gao, B. and Liu, B., Experimental and Numerical Study of Two-Phase Flow in
a Rectangular Mini-Channel with Sudden Expansion Structure, J. Enhanc. Heat Transf., vol.
27, no. 2, pp. 173-194, 2020b.

Liu, W. and Wang, X., Helical Vortices and Decay in a Vertical Gas-Liquid Two-Phase Flow
Induced by a Short Twisted Tape, J. Enhanc. Heat Transf., vol. 27, no. 7, pp. 665-686, 2020.

Lu, H., Xu, M., Gong, L., Duan, X. and Chai, J.C., Effects of Surface Roughness in Microchannel
with Passive Heat Transfer Enhancement Structures, Int. J. Heat Mass Transf., 148, art. 119070,

2020a.

64


https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,105fbb46197be13c,5700c54c5177b736.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,105fbb46197be13c,5700c54c5177b736.html
https://www.sciencedirect.com/science/article/pii/S0017931019344618?casa_token=pLzdu68mZlgAAAAA:Io1XjNSjhX09cEUDY8wbliIc5KqIXbWIXNEd2y16BJmhXs0SWN2kyuG4K7gl_spwQUhSA6AmX7g#!
https://www.sciencedirect.com/science/article/pii/S0017931019344618?casa_token=pLzdu68mZlgAAAAA:Io1XjNSjhX09cEUDY8wbliIc5KqIXbWIXNEd2y16BJmhXs0SWN2kyuG4K7gl_spwQUhSA6AmX7g#!
https://www.sciencedirect.com/science/article/pii/S0017931019344618?casa_token=pLzdu68mZlgAAAAA:Io1XjNSjhX09cEUDY8wbliIc5KqIXbWIXNEd2y16BJmhXs0SWN2kyuG4K7gl_spwQUhSA6AmX7g#!
https://www.sciencedirect.com/science/article/pii/S0017931019344618?casa_token=pLzdu68mZlgAAAAA:Io1XjNSjhX09cEUDY8wbliIc5KqIXbWIXNEd2y16BJmhXs0SWN2kyuG4K7gl_spwQUhSA6AmX7g#!
https://www.sciencedirect.com/science/article/pii/S0017931019344618?casa_token=pLzdu68mZlgAAAAA:Io1XjNSjhX09cEUDY8wbliIc5KqIXbWIXNEd2y16BJmhXs0SWN2kyuG4K7gl_spwQUhSA6AmX7g#!
https://www.sciencedirect.com/science/journal/00179310

Lu, Z., Chaka, A.M. and Sushko, P., Thermal Conductance Enhanced via Inelastic Phonon
Transport by Atomic Vacancies At Cu/Si Interfaces, Phys. Rev. B, vol. 102, art. 075449,

2020b.

Luo, L., Zhang, Y., Sunden, B., Qiu, D., Wang, S. and Zhang, X., Computational Investigation
of Curvature Effects on Jet Impingement Heat Transfer at Internally Cooled Turbine Vane
Leading Edge Regions, Heat Transf. Res., vol. 51, no. 4, pp. 333-357, 2020a.

Luo, M., Zhao, J. and Antezza, M., Near-Field Radiative Heat Transfer between Twisted

Nanoparticle Gratings, Appl. Phys. Lett., vol. 117, art. 053901, 2020b.

Ma, D. and Zhang, L., Enhancement of Interface Thermal Conductance between Cr—Ni Alloy

and Dielectric via Cu Nano-Interlayer, J. Phys.: Condens. Matter, vol. 32, art. 425001, 2020.

Maroofiazar, R. and Eshkalak, N.J., Numerical Investigation of Mixed Convection of Non-
Newtonian Ferrofluids in a Concentric Annulus: Combined FHD-MHD Effects, Heat Transf.
Res., vol. 51, no. 8, pp. 459-779.

Mehdi, S. and Kim, N-H., Nucleate Pool Boiling of R-123 on Pored Surfaces, J. Enhanc. Heat

Transf., vol. 27, no. 7, pp. 629-642, 2020.

Mehryan, S.A.M., Ghalambaz, M., Gargari, L.S., Hajjar, A. and Sheremet, M., Natural Convection
Flow of a Suspension Containing Nano-Encapsulated Phase Change Particles in an Eccentric
Annulus, J. Energy Storage, vol. 28, art. 101236, 2020.

Mitrovic, J., Forced Convection Heat Transfer and Pressure Drop in Horizontal Tubes with
Internal Twisted Fins, J. Enhanc. Heat Transf., vol. 27, no. 8, pp. 751-766, 2020.

Mohammadi, M.H., Abbasi, H.R., Yavarinasab, A. and Pourrahmani, H., Thermal Optimization
of Shell and Tube Heat Exchanger Using Porous Baffles, Appl. Therm. Eng., vol. 170, art.

115005, 2020.

65


http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,105fbb46197be13c,0c1cd3e154ec8e7f.html
https://www.sciencedirect.com/science/article/pii/S2352152X19313532?casa_token=lPHTBFq6lq0AAAAA:a4m5nfmr6uW_Z7FN2M4QYVROdXfMq28jJj8dRKq3IK9g3jJafjavS6krzx9RjtL9yd1LcglfmuM#!
https://www.sciencedirect.com/science/article/pii/S2352152X19313532?casa_token=lPHTBFq6lq0AAAAA:a4m5nfmr6uW_Z7FN2M4QYVROdXfMq28jJj8dRKq3IK9g3jJafjavS6krzx9RjtL9yd1LcglfmuM#!
https://www.sciencedirect.com/science/article/pii/S2352152X19313532?casa_token=lPHTBFq6lq0AAAAA:a4m5nfmr6uW_Z7FN2M4QYVROdXfMq28jJj8dRKq3IK9g3jJafjavS6krzx9RjtL9yd1LcglfmuM#!
https://www.sciencedirect.com/science/article/pii/S2352152X19313532?casa_token=lPHTBFq6lq0AAAAA:a4m5nfmr6uW_Z7FN2M4QYVROdXfMq28jJj8dRKq3IK9g3jJafjavS6krzx9RjtL9yd1LcglfmuM#!
https://www.sciencedirect.com/author/12766763900/mikhail-a-sheremet
https://www.sciencedirect.com/science/journal/2352152X
https://www.sciencedirect.com/science/journal/2352152X/28/supp/C
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7125f3d32098f9af,2ef01f8f6a024772.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7125f3d32098f9af,2ef01f8f6a024772.html

Mohammadnia, A., Rezania, A., Ziapour, B.M., Sedaghati, F. and Rosendahl, L., Hybrid Energy
Harvesting System to Maximize Power Generation from Solar Energy, Energy Convers.
Manag., vol. 205, art. 112352, 2020.

Mohammadshahi, S., Samsam-Khayani, H., Cai, T. and Kyung Kim, K.C., Experimental and
Numerical Study on Flow Characteristics and Heat Transfer of an Oscillating Jet in a Channel,
Int. J. Heat Fluid Flow, vol. 86, art. 108701, 2020a.

Mohammadshahi, S., Samsam-Khayani, H., Nili-Ahmadabadi, M. and Kim, K.C., Vortex-Induced
Vibration Characteristics and Heat Transfer Mechanism of an Oscillating Plate Attached to a
Cylinder in a Constant-Temperature Channel, Heat Transf. Res., vol. 51, no. 3, pp. 263-274,
2020b.

Mgller, K.T., Ibrahim, A., Buckley, C.E. and Paskevicius, M., Inexpensive Thermochemical
Energy Storage Utilising Additive Enhanced Limestone, J. Mater. Chem. A, vol. 8, no. 19,
pp.9646-9653, 2020.

Moosavi, R., Jalil, E. and Lin, C.X., Turbulent Forced Convection Nanofluid Flow over an Inclined
Forward-Facing Step, Heat Transf. Res., vol. 51, no. 13, pp. 1221-1240.

Moze, M., Senegacnik, M., Gregorcic, P., Hocevar, M., Zupancic, M., Golobic, I., Laser-
Engineered Microcavity Surfaces with a Nanoscale Superhydrophobic Coating for Extreme

Boiling Performance, ACS Appl. Mater. Interfaces, vol. 12, pp. 24419-24431, 2020.

Nakhchi, M.E., Hatami, M. and Rahmati, M., Experimental Investigation of Heat Transfer
Enhancement of a Heat Exchanger Tube Equipped with Double-Cut Twisted Tapes, Appl.
Therm. Eng., vol. 180, art. 115863, 2020.

Nan, Y., Cai, Y. and Guo, Z., Heat Transfer and Fluid Flow in a Water-Filled Glass Louver

Subject to Solar Irradiation, Heat Transf. Res., vol. 51, no. 1, pp. 25-39, 2020.

66


https://www.sciencedirect.com/science/article/pii/S0142727X20306986?casa_token=O0I-uVptAsoAAAAA:mDqL8LCWtvpxd90uKg7FMQC0stb01hqinvO17d8Z73nQzof020iCWxGYMmp-jae3x_jzkXYrXFM#!
https://www.sciencedirect.com/science/article/pii/S0142727X20306986?casa_token=O0I-uVptAsoAAAAA:mDqL8LCWtvpxd90uKg7FMQC0stb01hqinvO17d8Z73nQzof020iCWxGYMmp-jae3x_jzkXYrXFM#!
https://www.sciencedirect.com/science/article/pii/S0142727X20306986?casa_token=O0I-uVptAsoAAAAA:mDqL8LCWtvpxd90uKg7FMQC0stb01hqinvO17d8Z73nQzof020iCWxGYMmp-jae3x_jzkXYrXFM#!
https://www.sciencedirect.com/science/article/pii/S0142727X20306986?casa_token=O0I-uVptAsoAAAAA:mDqL8LCWtvpxd90uKg7FMQC0stb01hqinvO17d8Z73nQzof020iCWxGYMmp-jae3x_jzkXYrXFM#!
https://www.sciencedirect.com/science/journal/0142727X
https://www.sciencedirect.com/science/article/pii/S1359431120333457?casa_token=6yNtlsDmXvgAAAAA:BGSz4eaCPZHTNK1ZsoTTGzhiC_lBOJI-RtebkWo677cpQbi_QJrrulTu2dNOpmBn4pLh3Es8vBI#!
https://www.sciencedirect.com/science/article/pii/S1359431120333457?casa_token=6yNtlsDmXvgAAAAA:BGSz4eaCPZHTNK1ZsoTTGzhiC_lBOJI-RtebkWo677cpQbi_QJrrulTu2dNOpmBn4pLh3Es8vBI#!
https://www.sciencedirect.com/science/article/pii/S1359431120333457?casa_token=6yNtlsDmXvgAAAAA:BGSz4eaCPZHTNK1ZsoTTGzhiC_lBOJI-RtebkWo677cpQbi_QJrrulTu2dNOpmBn4pLh3Es8vBI#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311

Navarrete, N., La Zara, D., Goulas, A., Valdesueiro, D., Hernandez, L., van Ommen, J.R. and
Mondragén, R., Improved Thermal Energy Storage of Nanoencapsulated Phase Change
Materials by Atomic Layer Deposition, Sol. Energy Mater. Sol. Cells, vol. 206, art. 110322,
2020.

Nie, B., She, X., Zou, B., Li, Y., Li, Y. and Ding, Y., Discharging Performance Enhancement of
a Phase Change Material Based Thermal Energy Storage Device for Transport Air-
Conditioning Applications, Appl. Therm. Eng., vol. 165, art. 114582, 2020.

Nithyanandam, T. and Senthil Kumar, D., Effect of Surface Wettability and Surface Roughness
on SiO2 and Copper Hybrid Thin-Film-Coated Surfaces for Nucleate Boiling Performance,
Heat Transf. Res., vol. 51, no. 15, pp. 1363-1381, 2020.

Ong, Y.S., Shaari, K.Z.K.,, Laziz, A.M,, Lu, I.L., Samsudin, M.F.R. and Sufian, S., Thermal
Performance of Graphene Oxide Nanofluid in Microchannel Heat Exchanger, J. Enhanc. Heat
Transf., vol. 27, no. 5, pp. 439-461, 2020.

Oommen, S.M. and Pisana, S., Role of The Electron—Phonon Coupling in Tuning the Thermal
Boundary Conductance at Metal-Dielectric Interfaces by Inserting Ultrathin Metal Interlayers,
J. Phys.: Condens. Matter, vol. 33, art. 085702, 2020.

Papadakis, G.T., Buddhiraju, S., Zhao, Z., Zhao, B. and Fan, S., Broadening Near-Field Emission
for Performance Enhancement in Thermophotovoltaics, Nano Lett., vol. 20, no. 3, pp. 1654-
1661, 2020.

Park, S.G., Heat Transfer Enhancement by a Wall-Mounted Flexible Vortex Generator with an

Inclination Angle, Int. J. Heat Mass Transf., vol. 148, art. 119053, 2020.

67


http://www.dl.begellhouse.com/journals/46784ef93dddff27,07e917e06a6ca944,6a05000c487e2b31.html
http://www.dl.begellhouse.com/journals/46784ef93dddff27,07e917e06a6ca944,6a05000c487e2b31.html
http://www.dl.begellhouse.com/journals/46784ef93dddff27,07e917e06a6ca944,6a05000c487e2b31.html
https://www.sciencedirect.com/science/article/pii/S0017931019342449?casa_token=BjYCpyKAduYAAAAA:Jx5JWo9IUNHU4lXYzJNTqmAovoqRbopeGs3xRd8TZWh49EyrzTiBK-4S4Zbox9skAH31tiT8djs#!
https://www.sciencedirect.com/science/journal/00179310

Parsa, S.M., Rahbar, A., Koleini, M.H., Javadi, Y.D., Afrand, M., Rostami, S. and Amidpour, M.,
First Approach on Nanofluid-based Solar Still in High Altitude for Water Desalination and
Solar Water Disinfection (SODIS), Desalination, vol. 491, art. 114592, 2020.

Plotnikov, V., Diaz G., and Leal-Quiros, E., Effects on Temperature and Velocity Distribution
Due to Application of Pulsed Corona Discharges in Liquid-Phase Ethanol, J. Enhanc. Heat
Transf., vol. 27, no. 2, pp. 143-158, 2020.

Pradeep, N., Paramasivam, K., Rajesh, T., Purusothamanan, V.S. and lyahraja, S., Silver
Nanoparticles for Enhanced Thermal Energy Storage of Phase Change Materials, Mater.
Today, Proceedings 2020 Mar 17, 2020.

Promvonge, P. and Skullong, S., Thermo-Hydraulic Performance in Heat Exchanger Tube with
V-Shaped Winglet VVortex Generator, Appl. Therm. Eng., vol. 164, art. 114424, 2020.

Raja, S.C., Kumaraswamidhas, L.A. and Ramu, M., An Experimental Investigation on the
Enhanced Thermal Behavior of Packed Beds Integrated with Al,O3 Nanofluid, J. Enhanc.
Heat Transf., vol. 27, no. 4, pp. 347-365, 2020a.

Raja, S.C., Kumaraswamidhas, L.A. and Ramu, M., Analytical Model for Prediction of Effective
Thermal Conductivity of a Three-Phase System: Nanoparticle as the Third Phase, Heat Transf.
Res., vol. 51, no. 13, pp. 1197-1211, 2020b.

Ravi, R., Pachamuthu, S. and Kasinathan, P., Computational and Experimental Investigation on
Effective Utilization of Waste Heat from Diesel Engine Exhaust Using a Fin Protracted Heat
Exchanger, Energy, vol. 200, art. 117489, 2020.

Ridley, B.K. and Dyson, A., A Lattice-Dynamics Model for the Mixing of Acoustic and Optical
Modes in I11-V Compounds and Its Effect on the Electron-Phonon Interaction, Solid State

Commun., vol. 321, art. 114025, 2020.

68



Sadeghianjahromi, A., Kheradmand, S., Nemati, H. and Wang, C.C., Optimization of the Louver
Fin-and-Tube Heat Exchangers—A Parametric Approach, J. Enhanc. Heat Transf., vol. 27, no.
4, pp. 289-312, 2020.

Sahin, A.Z., Uddin, M.A,, Yilbas, B.S. and Al-Sharafi, A., Performance Enhancement of Solar
Energy Systems Using Nanofluids: An Updated Review, Renew. Energy, vol. 145, pp.1126-
1148, 2020.

Sajjad, U., Kumar, A. and Wang, C. C., Nucleate Pool Boiling of Sintered Coated Porous Surfaces
with Dielectric Liquid, HFE-7200, J. Enhanc. Heat Transf., vol. 27, no. 8, pp. 767-784, 2020.

Salihoglu, H., Nam, W., Traverso, L., Segovia, M., Venuthurumilli, P.K., Liu, W., Wei, Y.,
Li, W.J. and Xu, X., Near-Field Thermal Radiation between Two Plates with Sub-10 nm
Vacuum Separation, Nano Lett., vol. 20, no. 8, pp. 6091-6096, 2020.

Samsam-Khayani, H., Saghafian, M., Mohammadshahi, S. and Kim, K.C., Numerical
Investigation of the Effects of a Constant Magnetic Field on the Convective Heat Transfer of o
Water-Based Nanofluid Containing Carbon Nanotubes and FesO4 Nanoparticles in an Annular
Horizontal Tube in a Laminar Flow Regime, Heat Transf. Res., vol. 51, no. 3, pp. 233-252,
2020.

Sandell, S., Maire, J., Chavez-Angel, E., Torres, C.M.S., Kristiansen, H., Zhang, Z. and He, J.,
Enhancement of Thermal Boundary Conductance of Metal-Polymer System, Nanomaterials,

vol. 10, art. 670, 2020.

Sarlak, S., Yousefzadeh, S., Akbari, O.A., Toghraie, D.S., Sarlak, R. and Assadi, F., Numerical
Investigation of MHD Mixed Convection of Water/Cuo Nanofluid in a Square Enclosure with

Vortex Generators in Different Arrangements, Heat Transf. Res., vol. 51, no. 6, pp. 571-601.

69


http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7125f3d32098f9af,7cef8c7a36ba654a.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7125f3d32098f9af,7cef8c7a36ba654a.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7125f3d32098f9af,7cef8c7a36ba654a.html

Sarode, A., Raj, R. and Bhargav, A., Effect of Confinement and Heater Surface Inclination on
Pool Boiling Performance of Patterned Wettability Surfaces, J. Enhanc. Heat Transf., vol. 27,
no. 8, pp. 711-727, 2020.

Selvaraj, V. and Krishnan, H., Synthesis of Graphene Encased Alumina and Its Application as
Nanofluid for Cooling of Heat-Generating Electronic Devices, Powder Technol., vol. 363, pp.
art. 665-675, 2020.

Senthil, R., Effect of Charging of Phase Change Material in Vertical and Horizontal Rectangular
Enclosures in a Concentrated Solar Receiver, Case Stud. Therm. Eng. vol. 21, art.100653,
2020.

Setareh, M., Saffar-Avval, M. and Abdullah, A., Heat Transfer Enhancement in an Annulus under
Ultrasound Field: A Numerical and Experimental Study, Int. Comm. Heat Mass Transf., vol.
114, art. 104560, 2020.

Sharma, N., Tarig, A. and Mishra, M., Enhanced Heat Transfer and Flow Features in a Duct
Mounted with Various Ribs, J. Enhanc. Heat Transf., vol. 27, no. 6, pp. 505-526, 2020.

Sharshir, S.W., Elkadeem, M.R. and Meng, A., Performance Enhancement of Pyramid Solar
Distiller Using Nanofluid Integrated with VV-Corrugated Absorber and Wick: An Experimental
Study, Appl. Therm. Eng., vol. 168, art. 114848, 2020.

Shen, B., Mine, T., Iwata, N., Hidaka, S., Takahashi, K. and Takata, Y., Deterioration of Boiling
Heat Transfer on Biphilic Surfaces Under Very Low Pressures, Exp. Therm. Fluid Sci., vol.
113, art. 110026, 2020

Shi, E., Zonouzi, S.A., Aminfar, H. and Mohammadpourfard, M., Enhancement of the
Performance of a NEPCM Filled Shell-And-Multi Tube Thermal Energy Storage System

Using Magnetic Field: A Numerical Study, Appl. Therm. Eng., vol. 178, art. 115604, 2020.

70


http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7125f3d32098f9af,3ec049c32db29844.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7125f3d32098f9af,3ec049c32db29844.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,7125f3d32098f9af,3ec049c32db29844.html
https://www.sciencedirect.com/science/article/pii/S0735193320300853?casa_token=Kr3FLagqXgAAAAAA:BvYGjcThcbX0N7K48q-pmpojDPBiEN16bKtQVFVhZkus_rlljSes73hbZbEeV65yxICh_iMqOAU#!
https://www.sciencedirect.com/science/article/pii/S0735193320300853?casa_token=Kr3FLagqXgAAAAAA:BvYGjcThcbX0N7K48q-pmpojDPBiEN16bKtQVFVhZkus_rlljSes73hbZbEeV65yxICh_iMqOAU#!
https://www.sciencedirect.com/science/article/pii/S0735193320300853?casa_token=Kr3FLagqXgAAAAAA:BvYGjcThcbX0N7K48q-pmpojDPBiEN16bKtQVFVhZkus_rlljSes73hbZbEeV65yxICh_iMqOAU#!
https://www.sciencedirect.com/science/journal/07351933
https://www.sciencedirect.com/science/journal/07351933/114/supp/C
https://www.sciencedirect.com/science/journal/07351933/114/supp/C

Shioga, T., Mizuno, Y. and Nagano, H., Operating Characteristics of a New Ultra-Thin Loop
Heat Pipe, Int. J. Heat Mass Transf., vol. 151, art. 119436, 2020.

Song, C., Kim, J., and Cho, J., The Effect of Gan Epilayer Thickness on the Near-Junction
Thermal Resistance of Gan-on-Diamond Devices, Int. J. Heat Mass Transfer, vol. 158, art.

119992, 2020a.

Song, J., Cheng, Q., Lu, L., Li, B., Zhou, K., Zhang, B., Luo, Z. and Zhou, X., Magnetically
Tunable Near-Field Radiative Heat Transfer in Hyperbolic Metamaterials, Phys. Rev. Appl.,

vol. 13, no. 2, art. 024054, 2020b.

Song, J.,, Lu, L., Li, B., Zhang, B., Hu, R., Zhou, X. and Cheng, Q., Thermal Routing via Near-

field Radiative Heat Transfer, Int. J. Heat Mass Transfer, vol. 150, art. 119346, 2020c.

Tang, J., Hu, X. and Yu, Y., Electric Field Effect on The Heat Transfer Enhancement in a Vertical
Rectangular Microgrooves Heat Sink, Int. J. Therm. Sci., vol. 150, art. 106222, 2020a.

Tang, L., DeSutter, J. and Francoeur, M., Near-Field Radiative Heat Transfer between Dissimilar
Materials Mediated by Coupled Surface Phonon-and Plasmon-Polaritons, ACS Photonics, vol.
7, no. 5, pp. 1304-1311, 2020b

Thompson, D., Zhu, L., Meyhofer, E., Reddy, P., Nanoscale Radiative Thermal Switching via

Multibody Effects, Nature Nanothechnology, vol. 15, pp. 99-104, 2020.

Tsuruta, T. and Tokunaga, A., Enhancement of Condensation Heat Transfer on a
Microstructured Surface with Wettability Gradient, Int. J. Heat Mass Transf., vol. 156, art.
119839, 2020.

van Erp, R., Soleimanzadeh, R., Nela, L., Kampitsis, G. and Matioli, E., Co-Designing
Electronics with Microfluidics for More Sustainable Cooling, Nature, vol. 585, pp. 211-216,

2020

71


https://www.sciencedirect.com/science/article/pii/S1290072919310695?casa_token=9BnhzzMbgEoAAAAA:rtDNJKP8ISoHT3yB0R50jGCT1PEVUWPWkblr2p4RujX1PE898jL7Sr-e-2kuSVvDBA_SG3cy_JM#!
https://www.sciencedirect.com/science/article/pii/S1290072919310695?casa_token=9BnhzzMbgEoAAAAA:rtDNJKP8ISoHT3yB0R50jGCT1PEVUWPWkblr2p4RujX1PE898jL7Sr-e-2kuSVvDBA_SG3cy_JM#!
https://www.sciencedirect.com/science/article/pii/S1290072919310695?casa_token=9BnhzzMbgEoAAAAA:rtDNJKP8ISoHT3yB0R50jGCT1PEVUWPWkblr2p4RujX1PE898jL7Sr-e-2kuSVvDBA_SG3cy_JM#!
https://www.sciencedirect.com/science/journal/12900729
https://www.sciencedirect.com/science/journal/12900729/153/supp/C
https://www.sciencedirect.com/science/journal/00179310

Waller, W.M., Pomeroy, J.W., Field, D., Smith, Edmund J.W., May, P.W., and Kuball, M.,
Thermal Boundary Resistance of Direct VVan der Waals Bonded Gan-on-Diamond, Semicond.

Sci. Technol., vol. 35, art. 95021, 2020.

Wang, G., Qi, C. and Tang, J., Natural Convection Heat Transfer Characteristics of TiO>—H20
Nanofluids in a Cavity Filled with Metal Foam, J. Therm. Anal. Calorim., vol. 141, pp.15-24,
2020a.

Wang, J., Zhu, T., Cai, Y., Zhang, J. and Wang, J., Review on the Recent Development of
Corona Wind and Its Application in Heat Transfer Enhancement, Int. J. Heat Mass Transf.,
vol. 152, art. 119545, 2020b.

Wang, L., Tian, S, Dai, Y. and Zou, S., Experimental Investigation of the Characteristics of
R290 Condensation Heat Transfer Enhancement in a Horizontal Microfinned Tube, Heat
Transf. Res., vol. 51, no. 13, pp. 1169-1180, 2020c.

Wang, T.M., Tang, G.H. and Du, M., Photothermal Conversion Enhancement of Triangular
Nanosheets for Solar Energy Harvest, Appl. Therm. Eng., vol. 173, art. 115182, 2020d.

Wang, Y., Wu, X, Shao, B., Yang, X., Owens, G. and Xu, H., Boosting Solar Steam Generation
by Structure Enhanced Energy Management. Sci. Bull., vol. 65, no. 16, pp.1380-1388, 2020e.

Wang, Z., Lv, P., Becton, M., Hong, J., Zhang, L. and Chen, X., Mechanically Tunable Near-
Field Radiative Heat Transfer between Monolayer Black Phosphorus Sheets, Langmuir, vol.
36, no. 40, pp.12038-12044, 2020f.

Wei, T.W., Oprins, H., Cherman, V., Beyne, E. and Baelmans, M., Experimental and Numerical
Investigation of Direct Liquid Jet Impinging Cooling Using 3D Printed Manifolds on Lidded
and Lidless Packages for 2.5 D Integrated Systems, Appl. Therm. Eng., vol. 164, art. 114535,

2020a.

72


https://www.sciencedirect.com/science/article/pii/S0017931019344333?casa_token=ttBnE3gyxoYAAAAA:fWHvKosJiNzLMqccbDtA3g1bsp8HRO8jD4jx8Kx-6kSnkKWBpF4Jcc7XKS31NlED9ph10d3k0sU#!
https://www.sciencedirect.com/science/article/pii/S0017931019344333?casa_token=ttBnE3gyxoYAAAAA:fWHvKosJiNzLMqccbDtA3g1bsp8HRO8jD4jx8Kx-6kSnkKWBpF4Jcc7XKS31NlED9ph10d3k0sU#!
https://www.sciencedirect.com/science/article/pii/S0017931019344333?casa_token=ttBnE3gyxoYAAAAA:fWHvKosJiNzLMqccbDtA3g1bsp8HRO8jD4jx8Kx-6kSnkKWBpF4Jcc7XKS31NlED9ph10d3k0sU#!
https://www.sciencedirect.com/science/article/pii/S0017931019344333?casa_token=ttBnE3gyxoYAAAAA:fWHvKosJiNzLMqccbDtA3g1bsp8HRO8jD4jx8Kx-6kSnkKWBpF4Jcc7XKS31NlED9ph10d3k0sU#!
https://www.sciencedirect.com/science/article/pii/S0017931019344333?casa_token=ttBnE3gyxoYAAAAA:fWHvKosJiNzLMqccbDtA3g1bsp8HRO8jD4jx8Kx-6kSnkKWBpF4Jcc7XKS31NlED9ph10d3k0sU#!
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310/152/supp/C
http://www.dl.begellhouse.com/journals/46784ef93dddff27,1848860c2cb47ac3,6fc42c4a4d2c2e22.html
http://www.dl.begellhouse.com/journals/46784ef93dddff27,1848860c2cb47ac3,6fc42c4a4d2c2e22.html
http://www.dl.begellhouse.com/journals/46784ef93dddff27,1848860c2cb47ac3,6fc42c4a4d2c2e22.html

Wei, Z., Ju, W., Bi, K., Yang, J., and Chen, Y., Significant Enhancement of Thermal Boundary
Conductance in Graphite/Al Interface by lon Intercalation, Int. J. Heat Mass Transfer, vol.

157, art. 119946, 2020b.

Wilke, K.L., Antao, D.S., Cruz, S., Iwata, R., Zhao, Y., Leroy, A., Preston, D.J. and Wang, E.N.,
Polymer Infused Porous Surfaces for Robust, Thermally Conductive, Self-Healing Coatings

for Dropwise Condensation, ACS Nano, vol. 14, no. 11, pp. 14878-14886, 2020.

Wu, N., Zeng, L., Fu, T., Wang, Z. andLu, C., Molecular Dynamics Study of Rapid Boiling of
Thin Liquid Water Film on Smooth Copper Surface under Different Wettability Conditions,
Int. J. Heat Mass Transf., vol. 147, art. 118905, 2020a.

Wu, S., Wang, J., Xie, H. and Guo, Z., Interfacial Thermal Conductance across Graphene/MoS2
van der Waals Heterostructures, Energies, vol. 13, art. 5851, 2020b.

Wu, S., Yan, T., Kuai, Z. and Pan, W., Thermal Conductivity Enhancement on Phase Change
Materials for Thermal Energy Storage: A Review, Energy Stor. Mater., vol. 25, pp.251-295,
2020c.

Wu, X. and Liu, R., Near-Field Radiative Heat Transfer between Graphene Covered Biaxial
Hyperbolic Materials. Energy Environ. Sci., vol. 10, pp.66-72, 2020.

Xie, S., Y.F., Tong, Q., Guo, Y., Li, X., Kong, H. and Zhao, J., The Effects of Surface Orientation,
Heater Size, Wettability, and Subcooling on the Critical Heat Flux Enhancement in Pool
Boiling, Int. J. Heat Mass Transf., vol. 149, art. 119230, 2020.

Xu, S., Liu, J. and Wang, X., Thermal Conductivity Enhancement of Polyers via Structure

Tailoring, J. Enhanc. Heat Transf., vol. 27, no. 5, pp. 463-489, 2020a.

73


https://www.sciencedirect.com/science/journal/00179310

Xu, Z., Li, X., Niu, C., Wang, Q. and Ma, T., Enhancement of Gallium Phase-Change Heat
Transfer by Copper Foam and Ultrasonic Vibration, J. Enhanc. Heat Transf., vol. 27 , no. 1,
pp. 71-84, 2020b.

Xu, Z., Zhang, L., Zhao, L., Li, B., Bhatia, B., Wang, C., Wilke, K.L., Song, Y., Labban, O., Lienhard,
JH., Wang, R. and Wang, E.N., Ultrahigh-Efficiency Desalinationviaa Thermally-Localized

Multistage Solar Still, Energy Environ. Sci., vol. 13, pp. 830-839, 2020c.

Yang, Y., Wu, W., Tang, H. and Lu, J., Experimental Investigations on the Combined Effect of
Nanofluid and Ultrasonic Field on Ammonia Bubble Absorption, J. Enhanc. Heat Transf., vol.
27, no. 2, pp. 159-171, 2020a.

Yang, Y., Zhong, D., Liu, Y., Meng, D., Wang, L., Wei, N., Ren, G., Yan, R. and Kang, Y.,
Thermal Transport in Graphene Oxide Films: Theoretical Analysis and Molecular Dynamics

Simulation, Nanomaterials, vol. 10, art. 285, 2020b.

Yuan, G.J., Xie, J.F., Li, H.H., Shan, B., Zhang, X.X., Liu, J., Li, L. and Tian, Y.Z., Thermally
Reduced Graphene Oxide/Carbon Nanotube Composite Films for Thermal Packaging
Applications, Materials, vol. 13, art. 317, 2020.

Zaksek, P., Zupanci¢, M., Gregor¢ic¢, P. and Golobig, I., Investigation of Nucleate Pool Boiling
of Saturated Pure Liquids and Ethanol-Water Mixtures on Smooth and Laser-Textured
Surfaces, Nanoscale Microscale Thermophys. Eng., vol. 24, no. 1, pp. 29-42, 2020.

Zayed, M.E., Zhao, J., Elsheikh, A.H., Li, W. and Abd Elaziz, M., Optimal Design Parameters and
Performance Optimization of Thermodynamically Balanced Dish/Stirling Concentrated Solar
Power System Using Multi-Objective Particle Swarm Optimization, Appl. Therm. Eng., vol.

178, art. 115539, 2020.

74


http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,6abccb4047d3e2f0,0815fbe71562064c.html
http://www.dl.begellhouse.com/journals/4c8f5faa331b09ea,6abccb4047d3e2f0,0815fbe71562064c.html
https://www.sciencedirect.com/science/journal/13594311

Zhang, D., He, Z., Jiang, E., Shen, C., Zhou, J. and Du, M., Ultrasound-Assisted Enhancement of
Heat Transfer in Staggered Pipes, Heat Transf. Res., vol. 51, no. 13, pp. 1273-1288, 2020a.
Zhang, D., Jiang, E., Zhou, J., Shen, C., He, Z. and Xiao, C., Investigation on Enhanced
Mechanism of Heat Transfer Assisted by Ultrasonic Vibration, Int. Comm. Heat Mass Transf.,

vol. 115, art. 104523, 2020b.

Zhang, H., Guo, Z., and Lu, Y., Enhancement of Hot Spot Cooling by Capped Diamond Layer
Deposition for Multifinger AIGaN/GaN HEMTSs, IEEE Trans. Electron Devices, vol. 67, no.
1, pp. 47-52, 2020c.

Zhang, J., Wang, Z., Li, X. and Wu, X., Novel Composite Phase Change Materials with
Enhancement of Light-Thermal Conversion, Thermal Conductivity and Thermal Storage
Capacity, Sol. Energy, vol. 196, pp.419-426, 2020d.

Zhang, K., Li, M.J., Wang, F.L. and He, Y.L., Experimental and Numerical Investigation of
Natural Convection Heat Transfer of W-Type Fin Arrays, Int. J. Heat Mass Transf., 152, art.
119315, 2020e.

Zhang, K., Sun, Z., Zheng, N. and Chen, Q., Effects of the Configuration of Winglet Vortex
Generators on Turbulent Heat Transfer Enhancement in Circular Tubes, Int. J. Heat Mass
Transf., 157, art. 119928, 2020f.

Zhang, T-Y., Mou, L- W., Zhang, J-Y., Fan, L-W. and Li, J-Q., A Visualized Study of Enhanced
Steam Condensation Heat Transfer on a Honeycomb-Like Microporous Superhydrophobic
Surface in the Presence of a Non-Condensable Gas, Int. J. Heat Mass Transf., vol. 150, art.
119352, 2020g.

Zhang, Z.M., Overview of Micro/Nanoscale Thermal Radiation, Annual Rev. Heat Transf., vol.

23, pp. 1-12, 2020.

75


https://www.sciencedirect.com/science/article/pii/S0735193320300488?casa_token=F28y2JIIgO8AAAAA:m2ej0WMPOrzjFE9UB8fAErp-Pw6WUe8KHXjlHyf7H2-ToGisoxiTSjXwX6M-Z5j55nXkr0j47BA#!
https://www.sciencedirect.com/science/article/pii/S0735193320300488?casa_token=F28y2JIIgO8AAAAA:m2ej0WMPOrzjFE9UB8fAErp-Pw6WUe8KHXjlHyf7H2-ToGisoxiTSjXwX6M-Z5j55nXkr0j47BA#!
https://www.sciencedirect.com/science/article/pii/S0735193320300488?casa_token=F28y2JIIgO8AAAAA:m2ej0WMPOrzjFE9UB8fAErp-Pw6WUe8KHXjlHyf7H2-ToGisoxiTSjXwX6M-Z5j55nXkr0j47BA#!
https://www.sciencedirect.com/science/article/pii/S0735193320300488?casa_token=F28y2JIIgO8AAAAA:m2ej0WMPOrzjFE9UB8fAErp-Pw6WUe8KHXjlHyf7H2-ToGisoxiTSjXwX6M-Z5j55nXkr0j47BA#!
https://www.sciencedirect.com/science/article/pii/S0735193320300488?casa_token=F28y2JIIgO8AAAAA:m2ej0WMPOrzjFE9UB8fAErp-Pw6WUe8KHXjlHyf7H2-ToGisoxiTSjXwX6M-Z5j55nXkr0j47BA#!
https://www.sciencedirect.com/science/article/pii/S0735193320300488?casa_token=F28y2JIIgO8AAAAA:m2ej0WMPOrzjFE9UB8fAErp-Pw6WUe8KHXjlHyf7H2-ToGisoxiTSjXwX6M-Z5j55nXkr0j47BA#!
https://www.sciencedirect.com/science/journal/07351933
https://www.sciencedirect.com/science/journal/07351933/114/supp/C
https://www.sciencedirect.com/science/article/pii/S0017931019354249?casa_token=lnik0UDjcagAAAAA:z-0cqQyJ4BVnSaJ219J4sw3uP8WBhgRHwkxNk3Mu6wH6f5IbV-4EAty-EDrZksKQaP5c0H53oiE#!
https://www.sciencedirect.com/author/8209647800/mingjia-li
https://www.sciencedirect.com/science/article/pii/S0017931019354249?casa_token=lnik0UDjcagAAAAA:z-0cqQyJ4BVnSaJ219J4sw3uP8WBhgRHwkxNk3Mu6wH6f5IbV-4EAty-EDrZksKQaP5c0H53oiE#!
https://www.sciencedirect.com/science/article/pii/S0017931019354249?casa_token=lnik0UDjcagAAAAA:z-0cqQyJ4BVnSaJ219J4sw3uP8WBhgRHwkxNk3Mu6wH6f5IbV-4EAty-EDrZksKQaP5c0H53oiE#!
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/article/pii/S0017931020300636?casa_token=AfEEwUaQqq8AAAAA:k-gzcW1CjR9HVGQeVT2D6YzPcajXHqL5TJyTXO42FuD8NHkkH1kb88j-hoq_W1oaJihCs0MrUxo#!
https://www.sciencedirect.com/science/article/pii/S0017931020300636?casa_token=AfEEwUaQqq8AAAAA:k-gzcW1CjR9HVGQeVT2D6YzPcajXHqL5TJyTXO42FuD8NHkkH1kb88j-hoq_W1oaJihCs0MrUxo#!
https://www.sciencedirect.com/science/article/pii/S0017931020300636?casa_token=AfEEwUaQqq8AAAAA:k-gzcW1CjR9HVGQeVT2D6YzPcajXHqL5TJyTXO42FuD8NHkkH1kb88j-hoq_W1oaJihCs0MrUxo#!
https://www.sciencedirect.com/science/article/pii/S0017931020300636?casa_token=AfEEwUaQqq8AAAAA:k-gzcW1CjR9HVGQeVT2D6YzPcajXHqL5TJyTXO42FuD8NHkkH1kb88j-hoq_W1oaJihCs0MrUxo#!
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310

Zheng, D., Wang, J., Chen, Z., Baleta, J. and Sundén, B., Performance Analysis of a Plate Heat
Exchanger Using Various Nanofluids, Int. J. Heat Mass Transf., vol. 158, art. 119993, 2020a.

Zheng. N., Yan, F., Zhang, K., Zhou, T. and Sun, Z., A Review on Single-Phase Convective
Heat Transfer Enhancement Based on Multi-Longitudinal Vortices in Heat Exchanger Tubes,
Appl. Therm. Eng., vol. 164, art. 114475, 2020b.

Zhou, F., Zhou, W., Zhang, C., Qiu, Q., Yuan, D. and Chu, X., Experimental and Numerical
Studies on Heat Transfer Enhancement of Microchannel Heat Exchanger Embedded with
Different Shape Micropillars, Appl. Therm. Eng., vol. 175, art. 115296, 2020a.

Zhou, J., Shin, H.D., Chen, K., Song, B., Duncan, R.A., Xu, Q., Maznev, A.A., Nelson, K.A.,
and Chen, G., Direct Observation of Large Electron—Phonon Interaction Effect on Phonon
Heat Transport, Nat. Commun., vol. 11, pp. 6040-6040, 2020b.

Zhou, T., Du, Y., Zhao, C., Wang, Y. and Zhao, J., Conduction Paths of Backbones for Thermal
Enhancement of Nanocomposite Phase Change Materials, Int. J. Energy Res., vol. 44, no. 2,
pp.1062-1077, 2020c.

Zhou, W., Li, Y., Chen, Z., Deng, L. and Gan, Y., Ultra-Thin Flattened Heat Pipe with a Novel
Band-Shape Spiral Woven Mesh Wick for Cooling Smartphones, Int. J. Heat Mass Transf.,
vol. 146, art. 118792. 2020d.

Zhou, Y., Wang, S., Peng, J., Tan, Y., Li, C., Boey, F.Y.C. and Long, Y., Liquid Thermo-
Responsive Smart Window Derived from Hydrogel, Joule, vol. 4, no. 11, pp.2458-2474,

2020e.

76


https://www.sciencedirect.com/science/article/pii/S1359431119335355?casa_token=w7AcytOCRNwAAAAA:FckEUBliMKwNhuARIqJzc0eTY-XJobjG6eF7XC42pmcQm-ZjmIuCV3GA3bgt71r4tMPs7G-EoHo#!
https://www.sciencedirect.com/science/article/pii/S1359431119335355?casa_token=w7AcytOCRNwAAAAA:FckEUBliMKwNhuARIqJzc0eTY-XJobjG6eF7XC42pmcQm-ZjmIuCV3GA3bgt71r4tMPs7G-EoHo#!
https://www.sciencedirect.com/science/article/pii/S1359431119335355?casa_token=w7AcytOCRNwAAAAA:FckEUBliMKwNhuARIqJzc0eTY-XJobjG6eF7XC42pmcQm-ZjmIuCV3GA3bgt71r4tMPs7G-EoHo#!
https://www.sciencedirect.com/science/article/pii/S1359431119335355?casa_token=w7AcytOCRNwAAAAA:FckEUBliMKwNhuARIqJzc0eTY-XJobjG6eF7XC42pmcQm-ZjmIuCV3GA3bgt71r4tMPs7G-EoHo#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/article/pii/S1359431119375568?casa_token=hcHR51IeFycAAAAA:MeEuw5Tw0vJFrbfIxMkEfi5fT736daa2gyhqm43GTY24aM8zeyfr9w6dlmpbJKspi4SIshsk3eo#!
https://www.sciencedirect.com/science/article/pii/S1359431119375568?casa_token=hcHR51IeFycAAAAA:MeEuw5Tw0vJFrbfIxMkEfi5fT736daa2gyhqm43GTY24aM8zeyfr9w6dlmpbJKspi4SIshsk3eo#!
https://www.sciencedirect.com/science/article/pii/S1359431119375568?casa_token=hcHR51IeFycAAAAA:MeEuw5Tw0vJFrbfIxMkEfi5fT736daa2gyhqm43GTY24aM8zeyfr9w6dlmpbJKspi4SIshsk3eo#!
https://www.sciencedirect.com/science/article/pii/S1359431119375568?casa_token=hcHR51IeFycAAAAA:MeEuw5Tw0vJFrbfIxMkEfi5fT736daa2gyhqm43GTY24aM8zeyfr9w6dlmpbJKspi4SIshsk3eo#!
https://www.sciencedirect.com/science/article/pii/S1359431119375568?casa_token=hcHR51IeFycAAAAA:MeEuw5Tw0vJFrbfIxMkEfi5fT736daa2gyhqm43GTY24aM8zeyfr9w6dlmpbJKspi4SIshsk3eo#!
https://www.sciencedirect.com/science/article/pii/S1359431119375568?casa_token=hcHR51IeFycAAAAA:MeEuw5Tw0vJFrbfIxMkEfi5fT736daa2gyhqm43GTY24aM8zeyfr9w6dlmpbJKspi4SIshsk3eo#!
https://www.sciencedirect.com/science/journal/13594311

