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ABSTRACT

Energy is a key aspect of any country’s economic development. Improving heat transfer 
performance leads to saving energy. Nanotechnology has a key role to play in optimizing 
heat exchangers. Fluids containing nanosized particles are called nanofluids. Nanofluids 
have higher thermal conductivity than typical liquids. This paper outlines current research 
on convective heat transfer performance, thermophysical properties, particle size, 
and volume concentration effects in nanofluid studies. M easurement m ethods f ort h 
ermal conductivity and correlations used by earlier researchers to determine thermal 
conductivity are also encompassed. The main applications of nanofluids as liibricants 
a nd radiator systems to improve the efficiency of  he at removal fr om ve hicle en gines 
ha ve al so be en emphasized. Results suggest that by using a larger size of particle some 
drawbacks include particle sedimentation, clogging, erosion, stability, and increasing 
pressure drop. Enhancing thermal conductivity with optimum volume concentration. 
Improving the efficiency of heat exchange systems is one of the possible ways to reduce 
energy consumption. The need for optimum concentration of nanofluids is required. 
The Problem of stability, corrosion, and erosion arrived by increasing the volume 
concentration of nanoparticles in a nanofluid.
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INTRODUCTION

Energy is a crucial aspect of any country’s economic 
development. The most pressing task for thermal engi-
neers today is to intensification the thermal efficiency of 
heat transport systems. System optimization is a popular 
approach in this direction, with an emphasis on minia-
turization, size reduction, and, as a result, cost reduction. 

Improving heat transfer performance leads to saving energy 
via other heat transfer devices like heat exchangers, evap-
orators, condensers, and sinks. A heat exchanger is com-
monly used in air conditioning, space heating, cooling, 
power stations, plants of chemicals, plants of petrochemi-
cal, natural gas extraction, and wastewater treatment, and 
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many other heat applications [1]. The fundamental problem 
is the efficient heating and cooling within the heat exchang-
ers of storage fluids. A radiator heat exchanger system is 
used in automobiles to extract heat from the engine’s cool-
ing system. The mechanism used for the process is conduc-
tion and convection. Nanoparticles are added to normal 
engine coolant; they could boost the automotive cooling 
efficiency of the engine. This is because when we use nano-
fluids the energy system becomes more thermally efficient. 
The thermal efficiency of the energy system is due to the 
large nanoparticles surface area per unit volume that allows 
more heat transfer between solid particles and base fluids. 
In recent years, a number of researchers have proposed 
techniques for increasing heat transfer through nanofluids, 
including the interface effect, Brownian motion, ballistic 
transport of energy carriers, and thermophoresis. [2]. By 
using nanofluids, this increase in the rate of heat removal 
can reduce the size of the heat exchanger and due to this 
lower fuel consumption and cost savings.

Technological advances in the automotive industry con-
centrate on improving the fuel efficiency of internal com-
bustion engines. Fuel efficiency is improved by maintaining 
the engine temperature at an optimal value that involves 
extraction of engine heat by circulating common fluids 
around the engine, such as water, ethylene glycol, water, 
and so on [3].

Due to their low thermal conductivity, the possibility to 
progress the performance of traditional fluids as coolants is 
limited. Because nanoparticles have a higher thermal con-
ductivity than normal fluids, the thermal conductivity of 
these fluids can be improved by introducing them [4]. Many 
factors are accountable for the augmentation of thermal 
conductivity viz. volume fraction of particle, size, shape, and 
material of particle, base fluid, temperature, the nanopar-
ticle’s Brownian motion, and nanoparticles aggregation [5].

Stability is the main problem in nanofluids because of 
the increase in nanoparticle volume concentration, which 
results in rapid sedimentation that could reduce the ther-
mophysical properties of nanofluids. Therefore, the stabil-
ity of nanofluids is of considerable importance to preserve 
their thermo-physical properties after manufacturing for a 
lengthy period. Ettefaghi et al. [6] studied the thermal prop-
erties by adding MWCNTs with a different concentration 
in engine oil. It has been investigated that, higher stability 
is achieved with lower concentration. Wadd et al. [7] metal 
(copper) and nonmetal (TiO2) nanofluids were compared 
in terms of performance. The surfactant Sodium Lauryl 
Sulfate (SLS) ensured the stability of nanofluids. Meanwhile 
the thermal conductivity of copper nanoparticles is far 
advanced than that of TiO2 nanoparticles, copper-based 
nanofluids had stronger thermal conductivity than TiO2/
water nanofluids. Since nonmetal nanoparticles have a 
lower density, they are more stable than metal nanopar-
ticles. Asadi et al. [8] theoretically investigated (Al2O3-
MWCNT) / (thermal oil hybrid) nanofluids as a new class 

of cooling liquid for heat transfer and energy management 
applications in the automotive industry and a heating fluid 
for strong concentration (from 0.125 to 1.5 percent) and 
temperature (from 25oC to 50oC) thermoelectric modules 
on the hot side. The stability of the produced nano-oil 
was investigated using Zeta’s potential analysis. Except for 
solid concentrations of 1 and 1.5 percent in internal tur-
bulent flow regimes, they discovered that using this nano-
fluid instead of the base fluid could be useful in all of the 
strong levels and temperatures investigated for turbulent 
and laminar flow regimes. Esfahani et al. [9] when the tem-
perature was elevated from 60 to 65 degrees Celsius, the 
action of surfactant was diminished, resulting in a decrease 
in dispersed nanoparticle stability. Surfactants have various 
disadvantages, including contamination of heat transfer 
medium, high-temperature foam production, and higher 
thermal resistance. Selvam et al. [10] prepared by a non-
covalent technique using experimentally measured thermal 
characteristics such as thermal conductivity and particular 
GnP / H2O–EG nanofluid heat efficiency. The zeta potential 
analysis and UV-Vis absorption spectrum have been con-
ducted to confirm the long-term stability of the prepared 
nanofluid dispersions.

The efficacy of using such suspensions with sizes of 
millimeters (or micrometers) has been investigated earlier 
and major disadvantages observed [11]. These limitations 
include particle sedimentation, channel well blockage, and 
increased pressure loss, all of which make them unsuit-
able for practical use. We can overcome such drawbacks 
by reducing the size of the particle to nanoscale [12]. 
Stabilizing the suspension of the nanoparticles is essential 
to get the desired properties of the nanofluids. Choi (1995), 
Nanoparticles formed and increased thermal conductivity 
with nanoparticles dispersed in conventional heat transfer 
fluids were reported [13]. The present paper summarizes 
the latest research in nanofluids studies to review the heat 
transfer performance and thermal conductivity in the heat 
exchanger application of nanofluids, and studies other chal-
lenging issues such as stability and optimum concentration.

Nanofluids
Continuous nanotechnology work contributes to the 

evolution of new fluids for increasing heat transfer rate and 
this kind of fluid is known as nanofluids. Figures 1 and 2 
show different base fluids and nanoparticles. Prepared the 
nanofluids by dispersing nanometer-sized particles i.e.1-
100nm in conventional fluids and having greater thermal 
conductivity than the traditional fluids [4].

Nanotechnology plays a major role in heat transfer opti-
mization [14]. The thermal conductivity of heat transfer 
fluids plays a significant role in the development of energy-
efficient heat transfer equipment. Inherently weak heat 
transfer fluids, however, traditional heat transfer fluids such 
as ethylene glycol, water, and oil. Because of the increas-
ing global competition, there is a significant requisite for 
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progressive fluids for heat transfer resulting in significant 
growth in greater thermal conductivity than currently avail-
able [15]. However, conventional fluids like ethylene glycol, 
water, etc., the application of conventional fluids as cool-
ants are limited by their lower thermal conductivity. Figure 
3 shows the thermal conductivity of different heat transfer 
materials. When incorporating nanoparticles, these par-
ticles can increase the thermal conductivity of these fluids 
have greater thermal conductivity than conventional fluids 
[16-17].

Advantage of Nanofluids
• Nanoparticle have a larger surface area due to which

heat transfer rate increases.
• The heat transfer rate is expanded because of the more 

prominent thermal Conductivity of nanoparticles.
• Due to the smaller size of particles, reduction in pres-

sure drop.
• It reduces the size of the heat exchanger.

Nanofluids Preparation Process  
Two processes listed below that are commonly used for 

the nanofluids preparation, which is shown in Figure 4.

Two-step preparation
Many physical and chemical techniques, such as chemi-

cal vapour deposition, pulse laser deposition, physical 
vapour deposition, sputtering, and ion implantation have 
been used to create nanoparticles in this form. Ultrasonic 

agitation, high-shear mixing, intensive magnetic force agi-
tation, homogenizing, sol-gel vapour phase, or ball milling 
are then used to discretize the nanosized powder in the base 
fluid [18]. Nanoparticles have an affinity to accumulate in 
the second phase due to their high surface area and surface 
activity. As a result, the nanofluid’s stability is harmed by 
this accumulation property.

Single-step preparation 
To get a steadier nanofluid single-step planning mea-

sure is liked, as the name shows it is amalgamated in just 

Figure 1. Different base fluids.

Figure 2. Different nanoparticles.

Figure 3. Thermal conductivity of different heat transfer 
materials.
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Figure 4. Nanofluids preparation methods (modified  
from [20]).

Table 1. Thermophysical properties of different nanomaterials and base fluids

Material Thermal conductivity (W/m K) Specific heat (kJ/kg K) Density (kg/m3)

Alumina (Al2O3) 40 0.773 3960
Aluminium (Al) 237 0.903 2700
Aluminium nitride  (AlN) 285 0.74 3260
Carbon nanotube (CNT) 2800 - 6000 - 1350
Copper (Cu) 401 0.385 8940
Copper oxide (CuO) 33 0.551 6000
Diamond 2200 0.509 3530
Gold(Au) 317 0.129 19300
Graphite 120 0.701 2160
Silicon(Si) 148 0.714 2320
Silicon carbide (SiC) 150 1.34 3370
Silver(Ag) 429 0.235 10490
Titanium oxide (TiO2) 8.4 0.692 4230
Zirconia 3 0.418 5680
Ethylene glycol 0.261 2664 1076
Water 0.607 4180 1000

one stage. This one-step method consists of making and 
dispersing nanoparticles in the base fluid at the same time 
[19-20]. A more stable nanofluid is prepared in single-step 
preparation, but it has limitations on high process costs, 
small-scale output, and residual reagents in the base fluid.

Thermophysical Properties of Nanofluids
It is fundamental to consider the thermophysical prop-

erties of nanofluids when using them in practical appli-
cations. To predict the thermo-physical properties of 
nanofluids, there is a range of basic formulas, and research-
ers investigate these. This research has both theoretically 

and experimentally studied the heat transfer activity of 
nanofluids [21]. Table 1 shows the thermo-physical proper-
ties of different nanomaterials. The convective heat transfer 
coefficient, which is a function of a variety of thermo-physical 
properties such as thermal conductivity, viscosity, specific 
heat, and density, expresses the heat transfer efficiency 
using nanofluids.

Impact on Thermal Conductivity by Volume Fraction 
and Particle Size

The influence of particle volume fraction on nanofluids 
thermal conductivity has received a lot of attention in the 
literature.  Among the different nanoparticles and concen-
tration forms used, metal oxides with particle volume con-
centration up to 4% are the most common, apparently due 
to their less price. The results and conclusions reported dif-
fering considerably. Ding et al. [22] analyzed the efficiency 
of a carbon nanotubes-containing nanofluid and stated that 
the coefficient of heat transfer could be 3.5 times higher 
than the standard fluids concerned.

Lee et al. [23] & Wang et al. [24] studied the effect of 
volume fraction of particles with 24 and 23nm CuO par-
ticles in a water (base fluid), and it was observed that at 10% 
volume fraction, the intensification in thermal conductiv-
ity grows linearly with higher particle volume fraction. The 
ratio of thermal conductivity increased by 34%. Masuda 
et al. [25] recorded thermal conductivity enhancement of 
nanofluid for volume concentration of 4.3% of alumina, 
silica, and other oxides in water. The Thermal conductivity 
of nanofluids increased by 30%.
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Xian et al. [26] studied an improvement in thermal con-
ductivity for the same oxides considered by Masuda [25], 
not only in ethylene glycol but also in water. They stated that 
as the size of the particles decreases, the thermal conductiv-
ity improvement increases and is almost proportional to the 
volume fraction of the particles. When alumina particles 
for volume concentration of only 3 percent were used, there 
was a maximum increase of thermal conductivity of 12%. 
A significant finding from Xian et al. [26] is that there is a 
linear reliance of thermal conductivity on volume fraction. 
For alumina and copper oxide in water, Das et al. [27] noted 
the same linear pattern as [26]. However, the conductivity 
improvement pattern varies more like the temperature’s 
square root as the particle volume fraction has increased. 

 To estimate the thermal conductivity of Al2O3 nano-
fluids, Xie et al. [28] used the transient hot-wire process 
and observed a significant increase in various volume frac-
tions. Hwang et al. [29] investigated Al2O3 nanofluids and 
found a 4% increase in thermal conductivity at 1% volume 
concentration. Lee et al. [30] aqueous nanofluids prepared 
with a low volume concentration of nanoparticles Al2O3 
and observed a 2% escalation in thermal conductivity for 
35 nm-sized Al2O3 particles at a lower volume percentage.  
Li et al. [31] have studied the impact of volume fraction 
and temperature variations on thermal conductivity by 
applying 2, 4, 6, and 10 percent volume fractions of cop-
per-aluminum oxide nanoparticles to the distilled water at 
different temperatures. Table 2 shows the summary of the 
influence of particle size, and volume fraction on thermal 
conductivity. The results suggested that the thermal con-
ductivity of these suspensions was substantially influenced 
by the nanoparticle material, size, volume fraction, and 
bulk temperature.

Thermal Conductivity
Thermal conductivity is a very significant thermophys-

ical property that decides the characteristics of the heat 
transfer of nanofluids. High thermal conversion leads to the 
efficiency of thermal equipment.

Measurement of Thermal Conductivity
There are different methods to measure the thermal 

conductivity of nanofluids experimentally and theoreti-
cally. Experimental methods are 3ω method, thermal con-
stant analyzer, steady-state parallel plate method, and the 
transient hot wire method. During the transient hot-wire 
phase, a heat sensor is applied to the needle, and the tem-
perature response on the adjacent needle is detected both 
during and after the heat pulse application. The response 
to temperature will depend on the material’s thermal prop-
erties. Remarkable researchers [72-87] used thermal prop-
erty analyzer KD2- pro which works on the main transient 
hot-wire method. The thermal constant analyzer operates 
on the transient plane source system theory [88]. The hot 
disc sensor raises the temperature in this operation, while 

the resistive thermometer keeps time. The steady-state par-
allel technique includes glueing the test sample between 
two parallel circular copper plates. The test sample inserted 
in the plates receives one-dimensional heat. Conduction 
equation is used to measure thermal conductivity. 3-omega 
method is very similar to the THW method. It also uses the 
same material as the heater and thermometer. However, the 
key difference is that the TWH approach uses time depen-
dence response while 4using electrical current frequency 
(ω) dependence response.

According to the findings, the transient hotwire 
method is the most commonly used method for measur-
ing thermal conductivity. Table 3 shows that the thermal 
conductivity of base fluid by using nanoparticles and was 
mostly measured by the transient hot-wire method. This 
measurement approach has gained popularity because 
the thermal conductivity of the liquid may be calculated 
instantly with a high degree of precision and repeatability. 
A few recommendations can be pointed out from the litera-
ture review. Many researchers used the transient hot-wire 
method for measuring the thermal conductivity of nano-
fluids have been reported. Some of the latest work here has 
been reviewed [101-108] used a KD2 Pro thermal analyzer 
device using the transient hot-wire method to character-
ize the nanofluids thermal conductivity by measuring the 
temperature of the nanofluids during the cooling and heat-
ing phases. Maheshwary et al. [107] for measurement of 
thermal conductivity used a more precise hot wire method 
manufactured in-house Figure 5. The setup consists of a 
chemically inert cylindrical hollow tube of Teflon with spe-
cial configuration of wire and thermocouple.

A significant number of the proposed models of ther-
mal conductivity. Table 4 shows the summary of the studies 
on the theoretical models for the thermal conductivity of 
nanofluids. Some of them take into account nanoparticle 
morphology, assuming that all particles are spherical and 
introducing a variety of (mostly empirical) constants.

Heat Exchanger
Heat exchangers are appliances that allow heat exchange 

at various temperatures in between a couple of fluids at the 
same time preventing mixing with each other. Usually, 
there is no external heat and work contact in heat exchang-
ers. It differs from mixing chambers because it does not 
permit the mixing of the two involved fluids. In both cool-
ing and heating methods, heat exchangers are used [18].  
The heat exchanger is commonly used in air conditioning, 
space heating, cooling, power stations, plants of chemical, 
plants of petrochemical, natural gas extraction, and waste-
water treatment, and many other heat applications [3]. The 
fundamental problem is the efficient heating and cooling 
within the heat exchangers of storage fluids. Figure 6 shows 
the Shell and Tube heat exchanger system. Many automo-
biles use a radiator heat exchanger system to extract heat 
from the engine’s cooling system.



J Ther Eng, Vol. 9, No. 1, pp. 86–106, January 2023 91

Table 2. Summary of the effect of particle size and volume fraction on thermal conductivity

Nanofluid type Average particle size Volume fraction Thermal conductivity 
enhancement

References

CuO+ DW+ EG 8nm 1 vol.% 31.6% Karthikeyan et al. [32]
CuO + EG (10–30 nm) <0.002 vol.% 54% Kwak et al. [33]
CuO + DW 25 nm 0.3 vol.% 3 times greater than 

base fluid
Lee et al.  [34]

Al2O3+DW (15-50 nm) 0.4 wt. % 13% Alawi et al. [35]
Graphite+ DW 106nm 2 vol.% 34% Zhu et al.[36]
Cu2O+ DW 200.5nm 0.01-0.05 vol.% 24% Wei et al.  [37]
Cu+ EG 10nm 0.3% 40% Choi et al.  [38]
Al2O3+W Less than 50nm 1.5 vol.% 4.5% Kole et al. [39]
GnP+DW — 0.05wt.% 17% Ghozatloo et al. [40]
Al2O3+DW, SiO2+DW 
and ZrO2+DW

40nm, 15nm, 
and 25nm

1% 10.13, 6.5 and 8.5% Iqbal et al. [41]

CuO+W 30nm 2% 10% Pantazali et al. [42]
Al2O3+ W: EG
(40:60, 50:50 and 60:40)

13nm 0.2 to 1.0 percent 12.8 % at 40:60 (W: EG) Chiam et al. [43]

CuO+W 4nm 6vol.% 31% Sahooli et al. [44]
CuO/W, Al2O3/W, and 
Al2O3-CuO/ W

50nm
27nm

0.2% 6.1%, 8% and 9.8% Senthilraja et al. [45]

Al2O3/CuO+ EG-W 14nm 0.05, 0.1 and 0.2 45% Kannaiyan [46]
Al2O3 + W 30nm 0.01-0.03% 1.44% Jang et al. [47]
Al2O3 + W 43nm 0.33-3% 9.7% Chandrashekar et al. [48]
Fe3O4 + EG 25nm 0.01- 0.1% 20% Khedkar et al. [49]
Al2O3 + W 38.4nm 1–4% 24% Xie et al.[28]
CuO + W 8nm 1% 31% Karthikeyan et al.   [50]
Al2O3 + W 9nm 2-10% 29% Minsta et al. [51]
Al2O3 + W 11-150nm 1-4% 47% Chon et al. [52]
Al2O3 + W/EG 28nm 3-8% 41% Das et al. [27]
Al2O3 + W/EG 53nm 1-10% 35% Vajjha and Das  [53]
Al2O3 + W/EG 60.4nm 5% 23% Xie et al. [54]
Al2O3 + W/EG 8-282nm 1.86-4% 20% Beck et al. [55]
Al2O3+ Transformer oil 650-1000nm 0.5-4% 20% Choi et al. [56]
Cu+ EG <10nm 0.01-0.05% 41% Eastman et al. [57]
Cu+ DW 23nm 0.25% 40% Bhanushali et al. [58]
Cu+ EG 5-10nm 0.3-0.5% 46% Yu et al. [59]
Cu+ W 100-200nm 0.05%  12% Liu et al. [60]
CuO + W 29nm 0-16%  24% Minsta et al. [61]
CuO + W 100nm 7.5% 52% Zhang et al. [62]
Ag+ EG 100-500nm 0.1-1% 18% Sharma et al.[63]
Ag+ W <100nm 0.3-0.9% 30% Godson et al. [64]
MWCNT + W 5-10 (dia.) in µm and

length 270nm
0.015% 32% Karami et al. [65]

MWCNT + W 10-30(dia.)*(10-50)µm 1% 7% Hwang et al. [66]
TiO2 + W 15nm 0.5-5% 30% Murshed et al. [67]
FeO2 + EG 10nm 0.1-0.55% 18% Hong et al [68]
SiO2+ W 12nm 1-4% 23% Jahanshashi et al. [69]
ZrO2+W 20nm 0-2.2% 60% Paul et al. [70]
SnO2+ W 4.5-5.3nm 0.012-0.024% 7% Habibzadeh et al. [71]
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Table 3. Results of the thermal conductivity measurement of different type of nanofluids

Nanofluids Measurement of thermal 
conductivity

Enhancement of thermal 
conductivity

References

CNT+W 3-ω method 19.4% Choi et al. [89]
Al2O3+DIW+EG Transient hot-wire method 7.6% Xie et al. [90]
CuO + EG Transient hot-wire method 1.0089% Sahooli and Sabbaghi, [91]
Ag+DIW Transient hot-wire method 69.3% Asirvatham et al. [92]
Titanium+ DIW Transient hot-wire method 10.60% Naphon et al. [93]
CuO+W
Al2O3+W
CNT+W

Transient hot-wire method 22%
18%
10%

Pantzali et al.  [94]

Al2O3+W Transient hot-wire method Increases Nguyen et al. [95]
Al2O3+W Transient hot-wire method 12.1% Gherasim et al. [96]
Cu+EG Transient hot-wire method 3.8% Leong et al. [97]
Al2O3+W Transient hot-wire method 40% Hung et al. [98]
CuO+W Transient hot-wire method 8% Naraki et al. [99]
CNT Transient hot-wire method 1.4% Halelfadl et al. [100]
Al2O3+W+EG KD2 Pro thermal analyzer 11.2% Azmi et al. [101]
SiO2 + EG
SiO2 + DW

Transient hot-wire method 9.6%
3.4%

Guo et al., 2018[102]

GnP+W+EG KD2 Pro thermal analyzer 18% Selvam et al., 2017[103]
ZnO+W+EG KD2 Pro thermal analyzer 15% Islam et al., 2017[104]
TiO2+W Transient hot-wire method 10% Naphon and Nakharint, 

2013[105]
Al2O3+EG KD2 Pro thermal analyzer 21.1%. Hamid  et al., 2016[106]
 TiO2+W hot-wire method 69.23% Maheshwary et al.,2017[107]
MWCNT+ Engine oil KD2 Pro thermal analyzer 22.7% Ettefaghi et al., 2013[108]
Gn+W A transient short hot-wire method 17% Ghozatloo et al., 2013[109]
Al2O3+EG Transient hot-wire method 11.25% Kole and  Dey, 2010[110]
Gn+EG+DW Transient hot-wire method 15% Kole and  Dey, 2013[111]
Al2O3+EG+W Transient hot-wire method 8.30% Elias et al., 2014[112]

Figure 5. Schematic diagram of the hot-wire method to 
determine thermal conductivity of nanofluids (modified 
from [107]).

Application of Nanofluid in The Heat Exchanger
Nanofluids are effective fluids for transfer of heat appli-

cations in shipping, electronic cooling, industrial cooling, 

aerospace, and defense cooling systems and, more spe-
cifically, renewable energy and budding to increase the 
efficiency of heat transfer by increasing the quantity of 
energy needed to operate heat transfer fluid-related ther-
mal systems [15, 134-139]. Nanofluid implementation will 
save energy and reduce emissions, the potential for global 
warming, and the impact of greenhouse gases. The heat 
exchanger is commonly used in air conditioning, space 
heating, cooling, power stations, and many other heat appli-
cations [1]. Selvam et al. [103] prepared by a non-covalent 
technique using experimentally measured thermal charac-
teristics such as thermal conductivity and particular GnP / 
H2O–EG nanofluid heat efficiency. The prepared nanofluid 
dispersions’ stability has been verified using zeta potential 
analysis and UV-Vis absorption spectrum. The extreme 
enhancement of thermal conductivity obtained 18% at 0.45 
vol. % of GnP.  Raja et al. [140] explore the features of heat 
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Table 4. Summary of the studies on the theoretical models for thermal conductivity of nanofluids.

Author Empirical model/ Correlation Factor 
Considered

Used in study

Maxwell 
[127] K

k k k k

k k k k
knf

p bf bf p

p bf bf p
bf=

+ − −( ) × ∅

+ − −( ) × ∅

2 2

2

Low Volume 
concentration 
of spherical 
particle

Akbarzade 2014[113], Islam 
2017[104],  Goudarzi and  
Jamali 2017[114], Elias 
2014[112]

Hamilton- 
Crosser [128] K

k n k n k k

k n k n k k
knf

p bf p bf

p bf p bf
b=

+ −( ) + −( ) −( )∅

+ −( ) + −( ) −( )∅

1 1

1 1 ff

Shape factor(n) Senthilraja 2017 [45], 
Ravisankar 2015 
[115], Tijani 2018 
[116], Ali 2015[117], 
Sandhya 2016[118], 
Hatami 2017[119], 
Peyghambarzadeh 
2011[120], Elias2014[112]

Koo and 
Kleinstreuer 
[129] 

K
k k k k

k k k k
k C

KT
nf

p bf bf p

p bf bf p
bf bf pbf=

+ − −( )∅

+ − −( )∅
+ ∅

2 2

2 2
5 104*

pp pd
f T

f T
T
T

(

*

, )

, . * . * .

∅

∅( ) = ∅ +( ) 





−− −2 8217 10 3 917 10 3 0662 3

0

99 10 3 91123 10

9 881 100

2 3

0 9446

* . *

. .

− −

−

∅ +( )

= ∅( )

 Particle 
volume 
concentration, 
size and 
temperature

Vajjha 2010 [121], Naraki 
2013[99], Peyghambarzadeh 
2013[122] Sheikhzadeh 
2011[123]

Timofeeva 
model [130]

k knf bf= + ∅( )1 3 ----- ------

Yu and Choi 
[131] K

k k k k
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transfer, pressure drop, and NOx by using nanofluid Al2O3/
water with a distinct volume fraction of 0.5, 1, 1.5, and 2% 
under the flow of laminar in shell and tube heat exchanger. 
The result shows that the reduction of NOx emission was 
12.5% by using nanofluids. Zhong et al. [141] nanofluid 
heat transfer improved in a car heat exchanger (plate-fin 
oil cooler), using alumina nanofluids with distinct volume 
fractions was analyzed and it was found that the heat trans-
fer deteriorates at high-volume nanoparticles fraction at 5 
vol. % Compared to water. Teng et al. [142] the efficiency 
of heat dissipation nano coolant MWCNT in a motor-
cycle radiator has been studied. The maximum enhanced 
heat exchange of ratio, pumping power, and efficiency fac-
tor found that 12.8 percent, 4.9 percent, and 14.1 percent, 
respectively, compared to a combination of ethylene glycol 
and water.

Hajjar et al. [143] have studied the impact of convective 
coefficient of heat transfer in a shell and tube heat exchanger 
using the alkaline graphene oxide/H2O nanofluid, by using 
different weight concentrations of Graphene nanoparticle 
0.025 to 0.1percent. They found to be the heat transfer coef-
ficient increases by 15.3% at 25oC and 23.9% at 38oC at the 
highest concentration. Ghozatloo et al.  [109] investigated 
transfer of heat features in shell and tube heat exchanger 
using GnP- EG nanofluid for turbulent flow. With the addi-
tion of Graphene with different weight concentrations 0.1 
to 0.15percent into EG. They found that thermal conductiv-
ity and coefficient of heat transfer 21.2 and 42.4 percent at 
0.15wt. % increases by increasing the temperature and con-
centration of graphene. Tiwari et al. [144] compared exper-
imentally the performance of heat transfer of the plate heat 
exchanger using different nanofluids such as TiO2, CeO2, 
and Al2O3 and SiO2 with base fluid H2O and determined 
the optimum concentration of nanofluids. CeO2/water 
shows better performance with comparatively low opti-
mal concentration i. e. 0.75 vol. percentage within studied 
nanofluids. Ali et al. [145] Performance of the heat trans-
fer performance of automobile radiator using ZnO/H2O 
with different volume concentrations 0.01%, 0.08%, 0.2% 
& 0.3% nanofluid as a coolant. Flow rate varied in a range 
of 7 to 11 LPM and Reynolds number was 17,500 to 27,600. 
Enhancement of heat transfer was obtained to be 46% as 
compared to H2O at 0.2 vol. percentage. Furthermore, it 
has been also reported that heat transfer enhancement was 
decreased beyond 0.2 vol. percentage of ZnO.

Chavan et al. [124] carried out experimental work on 
Al2O3/water as a coolant in the radiator and compared 
results with water. Concentration varied between 0-1per-
cent by volume. The result shows that heat transfer quality 
can be improved by increasing the rate of fluid circulation. 
They also found that applying the low concentration nano-
fluid could increase the efficiency of heat transfer by up to 
40–45 percent likened to pure water. Hussein et al. [146] 
Compared the performance of the radiator experimentally 
investigated using TiO2, SiO2 nanoparticles. The results of 

the analysis of variance (ANOVA) showed enhancement 
of Nusselts number found to be 22.5% and 11% for SiO2 
and TiO2 respectively. The result showed that the perfor-
mance of SiO2 is better than TiO2 nanoparticles. Ray et al. 
[147] comparison of the quality of three separate nanoflu-
ids Al2O3, CuO, and SiO2 nanoparticles distributed in the
same base fluid, 60/40 of W/EG by mass as a coolant in car
radiators. The programming system has been implemented. 
Method of transfer unit efficiency number encoded in
MATLAB. The SiO2 nanofluid showed the three nanofluids
lowest efficiency gain, but could still minimize the pumping 
power by 26.2% and area 5.2 percent.

Ahmadi et al. [148] studied the thermal properties by 
adding MWCNTs with a different concentration in engine 
oil. They found that thermal conductivity was 13.2% at 0.5 
Wt. percentage. It has been investigated that, higher sta-
bility is achieved with lower concentration. M’hamed et 
al. [149] experimentally studied that water/ethylene gly-
col with MWCNT. Varying concentrations of the volume 
of nanoparticles (0.1, 0.25, and 0.50%) were prepared and 
tested in a blend of (50:50) water/ethylene glycol. The 
coefficient of heat transfer enhancement was obtained at 
196.3 percent at 0.5percent concentration of the volume of 
nanoparticles. Zamzamian et al. [150] investigated growth 
in the overall coefficient of heat transfer of nanofluids CuO 
and Al2O3 with various volume fractions of and ethylene 
glycol used as a base fluid in the heat exchanger. The coeffi-
cient of heat transfer enhancement found that 37 percent of 
CuO and 26 percent of Al2O3. Elias et al. [112] nanoparticles 
of Al2O3 dispersed in water and coolant based on ethylene 
glycol used in vehicle radiators. Enhancement of nanofluids 
thermal conductivity for more volume concentration 8.3% 
but decreases specific heat.

Chougule et al. [151] experimentally studied the per-
formance of radiators comparatively using functionalized 
MWCNT and surface treated MWCNT. They found that 
functionalized MWCNT shows 90.76% higher heat trans-
fer than base fluid while at high-temperature heat transfer 
with surface treated MWCNT deteriorate. Shajahan et al. 
[152] Presented thermal conductivity at the same concen-
tration in the volume of various deionized water-based
nanofluids. The volume fraction of one percent nanopar-
ticles, there was 10.13, 6.5, and 8.5 percent improvement
in thermal conductivity for Al2O3, SiO2, and ZrO2 respec-
tively. Many computational physics experts have become
interested in recent technological breakthroughs in com-
puters and computational techniques. Unlike traditional
experiments, more detailed study can be carried out at a
cheaper cost using computational or numerical forecasts.
Numerical research on nanofluids has emerged as a viable
alternative for demonstrating their improved performance
over standard heat transfer fluids.  Bozorgan et al. [153]
numerically studied the use of CuO-water nanofluid as
a coolant in the Chevrolet Suburban diesel engine radia-
tor and the effects of the vehicle speed and the nanofluid
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Table 5. Summary of experimental studies of nanofluids in heat exchanger

Nanoparticles Base fluid Concentration Enhancement Reference

Al2O3 EG — H=9% using wire coil
Insert

Goudarzi et al. 2017[114]

Al2O3 Water / EG 0.1 to 0.4 vol. % H=45.87% Gulhane et al. 2017 [170]
Al2O3 Water/EG (60:40,50:

50 and
40:60)

1vol % H=24.6% at 60:40 base fluid Azmi et al. 2017[101]

Al2O3 Water/EG (55:45) 1 and 
2vol%

H=57% & 106% Yu et al. 2012[136]

Al2O3 and CNT Water 1vol% HAl2O3 = 90.76%
HTCNT = 52.03% 

Chougule et al. 2014[151]

Al
2
O

3 and TiO
2 Water /EG (60:40) 1 vol.% HAl2O3 

=23.8% at 70o C 
HTiO2 =24.2%

Azmi et al. 2016
[171]

Cu
SiC
Al2O3

TiO2

W/EG
W/EG
W/EG
W/EG

1vol.% HT= 15.34%
HT= 14.33%
HT= 14.02%
HT= 10.20%

Sarkar et al. 2013[172]

CuO Water 0.5, 0.1 and 0.2 
vol.%

SP. Fuel cons. 4 stroke DE, was 
reduce by

8.6,15.1 and 21.1%

Senthilraja et al. 2017[45]

CuO Water 0.15 to 0.4 vol.% H = 6 to 8% Naraki et al. 2013[99]

MWCNT Water 0.16 mass % HT = Deterioration occurred at 0.16 
percent of the mass

Oliveira et al. 2017 [173]

Al2O3, Cu, TiO2 Water 4 vol. % Cu/water shows superior heat 
transfer performance than Al2O3/
water, TiO2/water

Kilic and Abdulvahitoglu 
2019 [174]

CeO2 Water 0.5, 1.0, and 1.5 
vol. %

Heat flux 10,15 and 20 KW/m2 Gupta et al. 2019 [175]

CuO water/EG 0.8 vol.% H=55% Heris et al. 2014[125]
TiO

2 Water 0.5 - 2.5wt% Contribution towards enhancement 
of thermal conductivity for 
concentration, size and shape 
obtained 69.43%, 24.95%, 5.62%

Maheshwary et al. 
2017[107]

TiO
2 40% EG and 60% 

water
0.5% H=35% Sandhya et al. 2016[118]

GnP Water /EG  (70:30) 0.001, 0.01, 0.05, 
0.1, 0.15, 0.3 and 
0.45 vol. %

18% increases thermal conductivity 
and 8% decreases specific heat

Selvam et al. 2017[103]

MWCNT Water/EG
(50:50)

0.4wt% The maximum enhanced ratio of 
heat exchange 12.8%. Nano coolant 
with high MWCNT could not 
achieve maximum heat exchange 
ability.

Teng et al. 2013[142]

MWCNT Water 0.5% Increase in thermal conductivity of 
as much as 22.7%.

Ettefaghi et al. 2013[6]

SiO2 Water 0.4 vol. % HT = 9.3% Akbarzade et al. 2014[113]
γ- Al

2
O

3 Water 0.03,0.14 and  0.3 
vol. %

Overall HT=5.4, 10.3 and 19.1% Barzegarian et al. 2017 [176]

(continued)
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Nanoparticles Base fluid Concentration Enhancement Reference
Al

2
O

3 Water 2 and 4% Average HT= 5.42 and 11.94% Jafari et al. 2017 [177]

TiO
2 Water 1vol% HT= 26% Duangthongsuk  and 

Wongwises 2010 [178]
γ- Al

2
O

3 Water 0.2vol% H= 7.32% Aghayari et al. 2014 [179]
γ- Al

2
O

3 Water 0.15 vol. % HT= 23% Raei et al. 2017 [180]
Fe3O4 Water 0.06vol% H= 14.7% Ravi Kumar et al. 2017 [181]
Ag Water/EG (70:30) 0.45vol% HT=42% Selvam et al. 2016[10]
Al

2
O

3 Water 0.65vol% H= 7% Chavan et al. 2014[124]
Al Distilled water 0.2 and 0.3vol% HT= 16.40 and 18.39% Sharma et al. 1995 [182]
1) TiO2,
2) TiO2 doped
with 0.1% Ag,
3) TiO2 doped
with 0.3% Ag,
4)TiO2 doped
with 0.1% Cu

EG/Water
(50:50)

0.3, 0.5, 1 and 2%. HT= Descending Order:
0.3%Ag doped > 0.1%Ag doped > 
TiO2 > 0.1%Cu doped

Soylu et al. 2019 [183]

TiO2 Water 0.5, 1.0, and 1.5 
vol. %

Thermal efficiency = 13.4% at 1 vol. 
%

Gupta et al. 2018[184]

Cu Distilled water 0.3%, 0.6% and 
1.0%

K = 57.51% Mahay and  Yadav 2019 [185]

Cu
Al
MWCNT

de-ionized (DI) 
water

0.3% H = 29% 
H = 25%
H = 40%

Akash et al. 2020 [186]

CuO Water 0.5 and 1% HT = 3% and 6.9%, Kiani  and Nadooshan 2019 
[187]

Cu, NiO, CuO Water — KCu/water = 0.6684W/m K
KNiO/water = 0.6640W/m K
KCuO/water = 0.6621 W/m K
Kwater = 0.5970W/m K

Abdulvahitoglu, 2019 [188]

CuO, Al2O3, Cu, 
TiO2

Water 2-8 vol. % Cu/water shows the preeminent 
heat transfer performance  

Kilic and Ali 2019 [189] 

CuO Water — Optimum value of thermal 
efficiency, thermal resistance and 
wall temperatures has been obtained.

Gupta et al. 2020 [190]

TiO
2 Water/EG 0.35 vol. % HT=10% Jagadishwar et al. 2017 

[191]
Al

2
O

3 Distilled water 0.2% H= 44.29% Chaurasia et al. 2019 [192]
CuO Water 1 vol. % Maximum thermal efficiency = 66.5% Gupta et al. 2020[193]
CuO, Cu, TiO2 Water — Cu/water shows the highest heat 

transfer performance.  
Kilic and Ullah 2021 [194]

Al
2
O

3 Glycerin 0.05, 0.1, and 
0.15 vol. %

H = 62% Sundari et al.2020 [195]

Graphite Water 0.2,0.5,0.8,1 and 
1.5 vol. %

K = 39.72% at 1.5 vol. % Yashawantha et al. 2021 
[196]

Graphene W/EG (60:40) 0.01%-0.09% H = 236% at % Madderla et al. 2021 [197]

Table 5. Summary of experimental studies of nanofluids in heat exchanger (continued)
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amount of Reynolds number at various volume concentra-
tions 0.1 to 2%.  They found CuO-water nanofluid flowing 
through the flat tubes with Reynolds number of nanofluid 
was 6000 at 2 percent volume concentration while the 
automotive speed was 70 km/h, the average coefficient of 
heat transfers and pumping energy was about 10 percent 
and 23.8 percent higher than the base fluid. Li et al. [154] 
experimentally studied the silicon carbide (SiC) nanofluid 
thermal conductivity and viscosity dependent on motor 
coolants with a volume fraction of up to 0.5 vol. It has 
obtained thermal conductivity of nanofluids 53.81% for 0.5 
vol. % nanofluid at 50°C. Oleic acids has been discovered 
to be an efficient nanofluid-based surfactant for nanofluids 
derived on vehicle motor coolant.

Fares et al. [155] have studied the characteristics of 
heat transfer of graphene/water nanofluids at 0.2 wt. % 
in vertical shell and tube heat exchanger. Maximum heat 
transfer coefficient and thermal efficiency were found to be 
29% and 13.7%. Qasim et al. [156] carried out experimen-
tally work on ZnO/water nanofluids in automobile engine 
radiators at different volume concentrations (0 to 0.3 vol. 
%). Enhancement in overall heat transfer coefficient, heat 
transfer rate, and Nusselt number found to be 50%, 41%, 
and 31% at concentrations of 0.2vol. %.  Zheng et al. [157] 
investigated the enactment of nanofluid Al2O3/water in a 
double pipe counter flow heat exchanger with different vol-
ume concentrations. The results show that Nusselt numbers 
are 23.2 and 32.23 percent for inlet temperatures of 40o C 
and 50oC. Gupta et al. [158] experimentally investigated 
that the thermal efficiency of heat pipe at different inclina-
tion angle, heat input and the volume of working fluid. It 
found that the maximum thermal efficiency was 69%.

Kumar et al.  [159] studied the performance of tungsten 
trioxide nanofluid (WO3/water) in automobile radiators. A 
higher heat transfer rate was observed to be 4.18% at 0.067 
vol. % of (WO3/water) nanofluid. Jarrah et al. [160] studied 
Ag/water nanofluids as coolants in a car radiator by using 
a low volume concentration of nanofluids. It was found to 
be heat transfer efficiency up to 30.2% in comparison to 
base fluid (water). Gupta et al. [161] studied the effect of 
mono (TiO2/water) and hybrid ((TiO2+MWCNT)/water) 
nanofluids in heat pipe. It was found that enhancement in 
thermal performance by using hybrid nanofluids. Verma et 
al. [162] have been studied the thermal components of solar 
energy conversion into thermal energy. Rathore et al. [163] 
analysis has been focuses on synergistic techniques, pro-
cesses, design criteria, and developments in working fluids 
for solar collectors to attain maximum thermal and exergy 
efficiency. Rathore et al. [164] comprehensive assessment of 
numerous experimental trials (laboratory-based and real-
world testing) that have been conducted utilizing solely 
MPCM to assess the true potential of MPCM in enhancing 
building thermal performance.

Zubair et al. [165] have studied the enhancement of 
heat transfer using TiO2 nanoparticles and base fluid (25% 

ethylene glycol and 75% water) for different volume con-
centrations (0.01%, 0.03%, and 0.05%) in the radiator. The 
result shows that Maximum heat transfer enhancement was 
obtained 29.5% as compared to water at concentration 0.03 
vol. % and volume flow rate 150 LPH. Verma et al. [166] 
experimentally studied inquiry into an innovative design 
and fabrication approach for analyzing the efficiency of flat 
plate solar collectors. In forced mode testing, a 21.94 per-
cent improvement in thermal efficiency was achieved when 
compared to a typical flat plate collector design. Exergy 
efficiency has increased by 6.73 percent. Rathore et al. 
[167] studied composite mixtures of paraffin and expanded
perlite (EP) with identical weight percents of 49.5 and
47.5, respectively, loaded with 1% and 5% graphene nano-
platelets. Rathore et al. [168] analysis of various parameters
based on the indoor peak temperature, indoor thermal
amplitude, time lag, and decrement factor to assess the
indoor thermal behavior. Gupta et al. [169] have studied
the thermal performance of Ce2O nanoparticle coated wick
heat pipe with base fluid water at different concentration. It
found that nanoparticle coating was provided as a substi-
tute for a nanofluid to evade the problem of stability. Table
5 shows the summary of experimental studies of nanofluids
in the heat exchanger.

Throughout this literature, several studies are focused 
on the enhancement of heat transfer and thermal conduc-
tivity by utilizing different nanofluids in the heat exchanger. 
From this, it is observed that improving the efficiency of 
heat exchange systems is one of the possible ways to reduce 
energy consumption, and at the same time, the need for 
optimum concentration of nanofluids is required.

CONCLUSIONS

Based on prior literature numerous applications would 
have been more effective by using nanofluids. This paper 
reveals the heat transfer performance on the application 
of nanofluids in the heat exchanger. Several researchers 
carried out experimental and statistical investigations rel-
evant to nanofluid’s heat transfer performance. From this 
analysis, we need to understand the basics of heat transfer 
because it is important to develop nanofluids for an exten-
sive range of applications for heat transfer and we can con-
clude as follows:

1. The majority of the investigations have been per-
formed on metallic oxides. In the case of metallic
nanoparticles, heat transfer enhancement is much
greater and enhancement is significant even at a very
low volume fraction. Exhaustive research is needed
on low volume fraction, nanofluids with metallic and
non-metallic nanoparticles.

2. Particle size had inversely related to thermal con-
ductivity. Because of the increase in their collision
rate, small size particles could move faster, achieving
higher thermal conductivity.
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3. The transient hot-wire method is more popular than
most other techniques for measuring the thermal
conductivity because of its speed, and most research-
ers have used it. To measure the thermal conductivity, 
a KD2-pro thermal analyzer system was used, which
works on the theory of the transient hot-wire process.

4. The majority of the results from the authors’ analysis
are positive, indicating that nanoparticles increase the 
cooling ability or heat transfer efficiency of traditional 
heat transfer fluid in various heat transfer applica-
tions. In cases where there was a degradation in heat
transfer, few researchers reported that the factor
where agglomeration occurs is an excessive amount
of nanoparticles. Very few of these indicated the best
amount of nanoparticles before degradation of per-
formance or thermal properties. Therefore, the need
of optimum concentration of nanofluids is required.

5. Consequently, to achieve the optimum concentration
repeated experimental work on similar nanoparti-
cles and the same working parameters is required in
the future. The best thermal efficiency for a device
can be obtained by knowing the optimal amount of
nanoparticles.

6. Nanofluid stability and price are major problems
with nanofluid integration into day-to-day applica-
tions. Therefore, more work is needed for synthesis of
nanoparticles at a low cost.

Results suggest that by using a larger size of particle 
some drawbacks include particle sedimentation, clogging, 
erosion, stability, and increasing pressure drop. Enhancing 
thermal conductivity with optimum volume concentration. 
Improving the efficiency of heat exchange systems is one of 
the possible ways to reduce energy consumption.Heat trans-
fer efficiency of heat exchanger depends on temperature, flow 
rate, nanofluids Concentration, nanoparticle size, and shape.

NOMENCLATURE

DW Deionized water
EG Ethylene glycol
Nm Nanometer
W Water 
T Temperature
DE Diesel engine
n Shape factor
Nu Nusselt number
Wt Weight
H Heat transfer coefficient
vol. Volume
HT Heat transfer rate 
MWCNT Multi walled carbon nanotubes 
K Thermal conductivity   
Kp Thermal conductivity of nanoparticle
Kbf Thermal conductivity of base fluid
Knf Thermal conductivity of nanofluid 

Greek symbols
Ø Volume concentration or volume fraction
Cp Specific heat
β Extinction or attenuation coefficient
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