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Abstract−− Nanofluids are defined as base fluids 

containing nanoparticles in suspension, the nanopar-

ticles can be oxides, aluminum oxide, silicon oxide, ti-

tanium oxide, metallic nanoparticles, carbon nano-

tubes, graphene, etc.  Nanofluids can be synthesized 

by two methods and it is necessary to control some of 

the characteristics such as stability, thermal conduc-

tivity, viscosity, etc.  Although the presence of nano-

particles allows generating or improving the charac-

teristic properties of nanofluids, such as their thermal 

conductivity, it is important to differentiate between 

the behavior of simple nanofluids and hybrid nanoflu-

ids, since in some cases they present different behav-

iors. Nanofluids have multiple applications in auto-

motive, biomedicine, as coolants, etc. This article re-

views nanofluids and their types: nanolubricants, 

nanorefrigeramts, simple nanofluids, hybrid nanoflu-

ids, the nanoparticles used to obtain them, as well as 

the properties and variables considered in their elab-

oration and finally some of the applications and uses. 

For this purpose, articles have been searched and 

compiled using the keywords: nanofluids, nanorefrig-

erants, nanolubricants in the Science direct database. 

It is hoped that the information analyzed will be use-

ful for those entering the field of nanofluids. 

Keywords−− nanofluids, hybrid nanofluids, nano-

particles, nanorefrigerant, energy, properties. 

I. INTRODUCTION 

Nanofluids are defined as base fluids containing dis-

persed nanoparticles (Abbas et al., 2020), which can be 

oxides, metallic nanoparticles, carbon materials, such as 

nanotubes, graphene, graphene oxide, etc., which are cur-

rently used for their benefits in heat transfer for engineer-

ing applications. 

Concepts such as nanolubricants have been derived 

around nanofluids, which correspond to lubricants pro-

duced by the dispersion of nanoparticles in conventional 

lubricating oils (Sanukrishna and Jose Prakash, 2018), 

nanorefrigerants, which are also stable mixtures of nano-

particles and refrigerants focused mainly on improving 

the transfer characteristics of heat (Sanukrishna et al., 

2018). 

Currently, society is inclined to an efficient use of en-

ergy as well as to a maximize energy savings in favor of 

the environment, nanorefrigerants constitute a timely al-

ternative (Azmi et al., 2017) since they allow to improve 

energy efficiency in some way. 

Nanofluids have a wide range of applications in heat 

exchangers, lubricants, refrigerants, solar collectors, etc., 

however there are a number of variables that must be con-

sidered in the synthesis of nanofluids for their optimal 

functioning, variables such as pH level, suspension sta-

bility, density, viscosity, surface tension, among others. 

In this article, a review of nanofluids, the nanoparti-

cles used to obtain them, as well as the properties and 

variables considered in their elaboration and finally some 

of the applications and uses is carried out. 

In the last years did not puplish a review from syn-

thesis to applications of nanofluids. There are some re-

view articles but they are focused in specialized topics of 

nanofluids like: the thermal conductivity (Li et al., 2021)  

heat transfer (Ali and Salam, 2020; Muneeshwaran et al., 

2021), stability (Ali and Salam, 2020; Chakraborty and 

Panigrahi, 2020). 

This review article aims to be an article oriented to 

those who enter the world of nanofluids but do not know 

much about the subject, for which it provides a review 

from the concept, types of nanofluids, types of nano-ma-

terials and base fluids used in obtaining them, as well as 

a brief discussion of some of its properties and finally the 

applications. 

II. METODOLOGY 

The review was carried out during the 2019–2022 period, 

the ScienceDirect database was used to search for review 

and research articles using the keywords: nanofluids, 

nanorefrigerants, nanolubricants, hybrid nanofluids, re-

view nanofluids, review nanorefrigerants, review 

nanolubricants, review hybrid nanofluids. 

101 articles have been selected from which the infor-

mation presented in this review has been synthesized and 

systematized. It begins with the definition of hybrid 

nanofluids and nanofluids, then the synthesis methods 

are presented, as well as the nanoparticles and base fluids 

used to obtain them, finally the evaluated properties of 

nanofluids and some of the applications in different areas 

are mentioned. 

III. NANOFLUIDS 

Nanofluids are stable and uniform suspensions consisting 

of so-called base fluids that contain dispersed nanoparti-

cles. Within the nanoparticles used are oxides of: alumi-

num (Sanukrishna and Jose Prakash, 2018) copper, tita-

nium, zirconium, tungsten, zinc, silicon (Che Sidik et al., 

2017b), metallic nanoparticles of: copper, silver, gold (Li 
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et al., 2019), iron (Sarkar and Kumar Ghosh, 2022), car-

bon nanotubes (Eltaweel and Abdel-Rehim, 2019; Kim 

et al., 2018), functionalized graphene (Paul et al., 2019) 

reduced graphene oxide (Xu et al., 2019) carbon nano-

fibers (Said et al., 2020), gallium oxide (El-Salamony 

and Morsi, 2018), zinc oxide (Kumar et al., 2018) among 

others. 

Nanofluids show significantly better thermal proper-

ties than base fluids, nanoparticles help improve thermal 

conductivity (Said and Saidur, 2017), the heat transfer 

coefficient (Xu et al., 2019) of the nanofluid compared to 

the base fluid (Liu et al., 2018), this improvement may 

be due at the high surface-volume ratio of nanomaterials 

(Al-Waeli et al., 2019b; Mashali et al., 2019). If the con-

centration of nanoparticles in nanofluid is varied, is pos-

sible adjust the thermo-physical properties of nanofluid 

according to our requirement (Kumar and Sarviya, 2021). 

The disadvantage of nanofluids is that they exhibit high 

viscosities due to the presence of nanoparticles and a 

higher pumping power is required. 

Nanofluids have found relevant applications in heat 

transfer processes (Usri et al., 2015), have been used in 

solar collectors (Eltaweel and Abdel-Rehim, 2019; Xu et 

al., 2019), plate heat exchangers, thermal photovoltaic 

systems (Al-Waeli et al., 2019b), air conditioning sys-

tems, in heat transfer (Ganvir et al., 2017), thermal con-

ductivity (Tawfik, 2017), electronic chip cooling, car en-

gines (such as lubricants and coolants), refrigerators and 

nuclear power plants (such as coolants for nuclear fuel 

rods) (Chakraborty et al., 2019). 

A. Nanolubricants 

Nanolubricants correspond to lubricants produced by the 

dispersion of nanoparticles in conventional lubricating 

oils (Sanukrishna and Jose Prakash, 2018). Nanolubri-

cants also are employed in heat transfer devices to im-

prove thermal qualities such as conductivity, viscosity, 

and thermal diffusivity (Ahmed and Ahamed, 2022) to 

reduce friction, enhance lubrication, and reduce wear of 

interacting surfaces that are in relative motion.  

B. Nanorefrigerants 

Nanorefrigerants are newly invented refrigerants with 

promising thermal, rheological, and tribological proper-

ties. Are also stable mixtures of nanoparticles and refrig-

erants focused mainly on improving the transfer charac-

teristics of heat (Sanukrishna et al., 2018). Nanoparticles 

such as aluminum oxide, copper oxide, titanium dioxide, 

silicon dioxide, copper, titanium, aluminum, and dia-

monds in water, glycol, oils, and conventional refriger-

ants (Kasaeian et al., 2018) 

Nanorefrigerants have some applications in diverse 

fields like refrigeration, heat pumps and air conditioning 

systems. 

IV. HYDRID NANOFLUIDS 

Hybrid nanofluids are a new class of nanofluids which 

contain two or even three different types of nanoparticles 

in a specific fluid (Che Sidik et al., 2017a), or a combi-

nation thereof.  

As in simple nanofluids, different nanoparticles are 

used for their preparation (Ranga Babu et al., 2017), 

among the combinations of nanoparticles used, the fol-

lowing could be mentioned:  Ag-MWCNT (silver-multi-

walled carbon nanotubes) (Sun et al., 2019) SWCNT-

MgO (single-walled carbon nanotubes – magnesium ox-

ide), MWCNT-MgO, MWCNT- Fe3O4, Fe3O4-graphene, 

Al2O3-Cu, Al2O3-Ag, (Huminic and Huminic, 2018), Cu-

TiO2, (Sundar et al., 2017) iron oxide and fullerene na-

noparticles (Cimbala et al., 2022), graphene oxide (GO)-

silicon (Si) (Vărdaru et al., 2022). 

Are ternary examples of nanofluids, ZnFe2O4-

MnZnFe2O4-NiZnFe2O4-H2O (Goud et al., 2022) and 

Al2O3–SiO2–TiO2 suspended in ethylene glycol base 

fluid (Abbasi et al., 2022). 

Unlike nanofluids based on a single type of nanopar-

ticles, hybrid nanofluids produce, in some cases, a greater 

improvement in heat transfer (Sundar et al., 2017) due to 

synergistic effect of nanoparticles. 

However, heat transfer like thermal conductivity are 

affected by several factors such as particle size and vol-

ume fraction, working temperature of the fluid, and hy-

brid nanofluid viscosity (Hanafi et al., 2022) 

V. NANOFLUIDS PREPARATION 

Nanofluids can be prepared using two methods: The one-

step method and the two-step method (Dhinesh Kumar 

and Valan Arasu, 2018; Leong et al., 2017), regardless of 

the method, it is necessary to ensure that the nanoparti-

cles are dispersed homogeneously, and that the nanofluid 

shows stabile characteristics and desired properties. 

A. One-step method 

The one-step method involves the synthesis and disper-

sion of nanoparticles in the base fluid in one step (Babar 

and Ali, 2019).  

The disadvantages of this method are the variability 

of the scale for industrial applications; is not suitable for 

mass production (Muneeshwaran et al., 2021) and the 

only usability of low-pressure base liquids.  

The chief advantage of this method is to control the 

size and size distribution of particles (Yang et al., 2020). 

B. Two-step method 

In this method, nanoparticles are synthesized by any of 

the approaches, be it bottom-up or top-down, nanoparti-

cles are in the form of dry powder and they can later be 

dispersed in any base fluid (Babar and Ali, 2019). During 

dispersion of nanoparticles in base fluid, the Van der 

Waal forces could cause cluster formation of nanoparti-

cles (Kumar and Sarviya, 2021), so is important use some 

chemical and physical methods like, ultrasonic vibration, 

acidity change, surfactant or generate surface charge on 

the nanoparticles in such a way that repulsion occurs by 

load avoiding agglomeration. 

This technique is suitable where concentration of na-

noparticles is up to 20% (Kumar and Sarviya, 2021). 

B. Other new methods 

Another method of nanofluid preparation is phase trans-

fer (Yang et al., 2020). 
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VI. NANOPARTICLES USED FOR NANOFLUIDS 

Among available particles that are used to obtain 

nanofluids are: aluminum oxides (Ho et al., 2019), dia-

mond (Mashali et al., 2019) copper, titanium, zirconium, 

tungsten, zinc, silicon (Che Sidik et al., 2017b), metallic 

copper nanoparticles, silver (Kimpton et al., 2021), gold, 

carbon nanotubes, carbon nanofibers (Said et al., 2020), 

calcium oxide (Sunil et al., 2019), etc. 

A. Oxides 

Oxides are resistant to oxidation, they are chemically sta-

ble and the density of some is low, which allows them to 

be easily dispersed in base fluids, however they have a 

low thermal conductivity when compared to metals 

(Suganthi and Rajan, 2017). 

Among the oxides used to obtain nanofluids, alumi-

num or alumina oxide (Al-Waeli et al., 2019a; Ho et al., 

2019) can be mentioned due to its high thermal conduc-

tivity and low density, calcium oxide (Sunil et al., 2019), 

gallium oxide (El-Salamony and Morsi, 2018), titanium 

oxide (Murtadha et al., 2022), silicon dioxide (Afekare et 

al., 2020) iron oxides (Goharkhah et al., 2016) aluminum 

oxide, copper oxide, titanium dioxide (Khan et al., 2019), 

zirconium oxide, tungsten, zinc, silicon (Che Sidik et al., 

2017b). 

In the case of the use of iron oxide, magnetic nanoflu-

ids are obtained since the nanoparticles that make them 

correspond to magnetic nanoparticles and therefore this 

type of fluid responds to a magnetic field. 

B. Metallic nanoparticles 

Metals generally have higher thermal conductivity than 

fluids. Copper for example is the metal that has the high-

est thermal conductivity among the metal families 

(Hanafi et al., 2022), therefore the use of metallic nano-

particles in a fluid produces a good thermoconducting 

nanofluid (Eltaweel and Abdel-Rehim, 2019). 

Among metallic nanoparticles, those of copper (Che 

Sidik et al., 2017b), silver (Che Sidik et al., 2017a; Li et 

al., 2019; Parametthanuwat et al., 2015), gold (Li et al., 

2019) and iron (Sarkar and Kumar Ghosh, 2022), can be 

mentioned. 

In the case of metallic silver particles, which have 

high thermal conductivity, its electrical conductivity can 

make it not so useful in some applications (Mashali et al., 

2019). 

C. Carbon materials 

The use of carbon nanotubes (Che Sidik et al., 2017b; 

Eltaweel and Abdel-Rehim, 2019; Kim et al., 2018) mul-

tiwall carbon nanotubes (Sivalingam et al., 2022), carbon 

black, carbon nanopowder (Ueki et al., 2017) graphene 

(Yarmand et al., 2016), graphene oxide (Kanti et al., 

2022) reduced graphene oxide (Xu et al., 2019), carbon 

nanofibers (Said et al., 2020),  carbon quantum dots 

(Zhou et al., 2022), fullerenes (Cimbala et al., 2022) and 

even diamond nanoparticles have been evaluated due to 

their thermal, mechanical and electric  properties (Ma-

shali et al., 2019). 

 

D. Nitrides and metal carbides 

The use of SiC (Al-Waeli et al., 2019a;b), has been eval-

uated for its high thermal conductivity. Titanium Carbide 

(Abhilash et al., 2021), tungsten carbide (Roy et al., 

2019).  Transition metal nitrides like: TiN, ZrN, and HfN 

also has been evaluated due to their high optical absorp-

tion cross-section, which is associated to the localized 

surface plasmon resonances phenomenon, they reach 

thermal efficiency higher than 80% (Vital et al., 2021). 

VII. BASED FLUIDS FOR NANOFLUIDS 

Water, oil, alcohol and kerosene are some of the base liq-

uids used to make nanofluids. 

Water and glycols are the most studied base liquids, 

glycols such as ethylene glycol and propylene glycol 

have lower freezing points than water and are used alone 

or in mixture with water. Both ethylene glycol and pro-

pylene glycol (Al-Waeli et al., 2019b) have been gener-

ally used as they are readily available, reasonably afford-

able, and widely used as base fluids. 

In addition to water and glycols, motor oil, kerosene, 

vegetable oil like: canola and extra virgin olive oils (Rah-

man et al., 2019) paraffin and mineral oil (Ahmed and 

Ahamed, 2022) are also used. 

Conventional heat transfer fluids, such as water and 

oil have low thermal conductivity, which is an impair-

ment to improving the efficiency of all heat exchangers 

(Al-Waeli et al., 2019a). 

As an alternative to conventional lubricants, bio-lub-

ricants have emerged since they are less toxic than min-

eral oils. The lubricating properties of bio-lubricants are 

slightly less than those of mineral oils and have poor ox-

idative stability that restricts their use at high tempera-

tures, so the addition of nanoparticles improves the opti-

cal, physical (Mashali et al., 2019), thermal (Al-Waeli et 

al., 2019a), magnetics (Usri et al., 2015), electrical, 

chemical (Ganvir et al., 2017), antifoam, antifriction and 

antiwear properties (Sunil et al., 2019), rice bran oil 

(Sunil et al., 2019) is one of the base fluids used to obtain 

biodegradable lubricants. 

VIII. PROPERTIES EVALUATED IN NANOFLU-

IDS 

Thermal conductivity (Munyalo and Zhang, 2018; 

Suganthi and Rajan, 2017), viscosity (Bashirnezhad et 

al., 2016), density (Bhattacharya and Sharma, 2016), 

specific and latent heat (Shin and Banerjee, 2011; Zaba-

legui et al., 2014) are some of the thermophysical prop-

erties used to evaluate the usefulness of nanofluids in 

heat transfer processes. The factors that influence the 

thermophysical properties of nanofluids are: size, con-

centration, aggregate and shape of the nanoparticles used 

as the dispersed solid phase. 

The properties of the base fluid, the interaction be-

tween the nanomaterial and the molecules of the base liq-

uid, the surfactant used for the formulation, the disper-

sion and the pH also affect the behavior of the resulting 

nanofluid (see Fig. 1). The mono nanofluids,  
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Figure 1 Relationship between parameters and properties of 

fluids, nanoparticles and nanofluids.  

employing only single-type nanoparticles (metallic or 

nonmetallic), revealed the stable thermophysical proper-

ties in the limited range (Adun et al., 2021b). 

Concentration is another key factor in obtaining 

nanofluids, generally low concentrations of nanopar-

ticles, less than 0.5% are useful to avoid the agglomera-

tion of these. 

A. Stability 

Although nanomaterials are considered materials with di-

mensions on the scale of 1 to 100 nm, within this range, 

different sizes of nanoparticles can be obtained by differ-

ent synthesis processes. The shape, type and size of na-

noparticles are key factors in the stability of nanofluids 

and have a direct impact on the period of stability, as well 

as on the type and nature of the base liquid used (Al-

Waeli et al., 2019a). 

The challenge in the preparation of nanofluids is to 

obtain a stable suspension avoiding the agglomeration of 

the nanoparticles, since the thermal conductivity depends 

on the dispersion stability of the added nanoparticles and 

they must remain in suspension for a considerable period 

of time. However due to their large surface area and the 

instability of nanoparticles due to the unsaturation of the 

outermost atoms and therefore a high surface energy 

(Sezer et al., 2019) these have a high tendency to cluster 

due to van der Waals interactions (Eltaweel and Abdel-

Rehim, 2019), especially when these dominate the repul-

sion forces, the aggregation of the nanoparticles can 

cause subsequent sedimentation and generate problems 

during the operation of the equipment in which these 

nanofluids are used. 

Metal nanoparticles can rapidly cluster or congeal 

due to their high surface energy and high activity (Li et 

al., 2019). 

The key variable to achieve a stable nanofluid is to 

avoid agglomeration, which can be achieved by physical 

or chemical treatment. In physical treatment, dispersion 

can be achieved mechanically through the use of ultra-

sound (Mashali et al., 2019) however, it has been shown 

that the use of ultrasonic vibration to form a nanoparticle 

suspension can produce a suspension that is not com-

pletely stable (Al-Waeli et al., 2019a). Another way to 

achieve dispersion is to vary or generate surface charge 

on the nanoparticles in such a way that repulsion occurs 

by load avoiding agglomeration. 

Chemical dispersion is carried out by adding surfac-

tants or polymers (Ho et al., 2019; Mashali et al., 2019) 

or by varying the pH of the medium. 

The addition of surfactants (Table 1) improves the 

stability, thermal conductivity and heat transfer of the na-

noparticle (Ho et al., 2019). 

Surfactants are generally compound that reduce the 

surface tension between two liquids or a liquid and a 

solid. Surfactants are usually organic compounds. The 

stability of a nanofluid depends on the surfactant used to 

decrease the deposition of nanoparticles in the emulsion 

suspension. The deposition process significantly reduces  

Table 1. Surfactants used to stabilize nanoparticles in suspension. 

Name Ref. 

arabic gum (Sun et al., 2019) 

potassium oleate (Parametthanuwat et al., 2015) 

dodecyl betaine (DB) (Kim et al., 2018) 

sodium dodecyl sulfate (SDS) (Al-Waeli et al., 2019a; Chakraborty et al., 2019; Kim 

et al., 2018) 

sodium dodecyl benzene sulfonate (SDBS) (Al-Waeli et al., 2019a; Kim et al., 2018) 

sodium salicylate (Sun et al., 2019) 

sodium deoxycholate (Al-Waeli et al., 2019a) 

cetyl-trichromyl ammonium bromide (Al-Waeli et al., 2019a) 

cetyl trimethyl ammonium bromide (CTAB) (Al-Waeli et al., 2019a) 

cetyl trimethyl ammonium chloride (Sun et al., 2019) 

dodecyl trimethyl ammonium bromide (DTAB) (Al-Waeli et al., 2019a) 

polyvinyl pyrrolidone (PVP) (El-Salamony and Morsi, 2018) 

ammonium cetyl cetyl (CTAB) (Al-Waeli et al., 2019a) 

sodium deoxycholate (Al-Waeli et al., 2019a) 

triton X-100 (Gao et al., 2019) 

tween 20 (Chakraborty et al., 2019; Sezer et al., 2019) 

tween 80 (Sezer et al., 2019) 

1,2-bis (cetyldimethylammonium) ethane dibromide (16–2–16), 1,3-

bis (cetyldimethylammonium) propane dibromide (16–3–16), 1,4-bis 

(cetyldimethylammonium) butane dibromide, (16–4–16), 1,6-bis 

(cetyldimethylammonium) hexane dibromide (16–6–16), and 1,8- 

bis(cetyldimethylammonium) octane dibromide (16–8–16) 

(Gao et al., 2019) 
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thermal conductivity of nanofluids and therefore reduces 

heat transfer (Al-Waeli et al., 2019). 

While the trend is that the addition of surfactants to 

nanofluids leads to an improvement in nanofluid stabil-

ity, in thermal conductivity and heat transfer perfor-

mance, the presence of surfactants may also decrease 

thermal conductivity (Al-Waeli et al., 2019a; Chakrabor-

ty et al., 2019), especially when its concentration is in-

creased due to the fact that a thin layer is formed on the 

nanoparticles which hinders the heat transfer of the 

nanofluid (Chakraborty et al., 2019). 

On the other hand, the use of surfactants is restricted 

to low temperature applications because at high temper-

atures, bubbles can form that significantly affect the heat 

transfer efficiency (Eltaweel and Abdel-Rehim, 2019). 

B. Surface tension 

Surface tension could be defined as the property of the 

surface of a fluid which allows it to withstand an external 

force, due to the cohesive nature of the fluid particles 

(Traciak and Zyła, 2022). 

Surface tension is one of the main properties that in-

fluences the heat transfer performance of a thermal sys-

tem. Surface tension is defined as the force acting on the 

liquid surface by the length of the surface perpendicular 

to the force (Ramesh and Prabhu, 2011). Surface tension 

has a significant impact on the boiling process, since bub-

ble deflection and interfacial equilibrium depend on it 

(Ciloglu and Bolukbasi, 2015; Fang et al., 2015). 

Single-particle nanofluids 

Authors like Vafaei et al. (Vafaei and Wen, 2011) point 

out that the addition of nanoparticles can play a dual role. 

This way, the suspended particles modify the dynamics 

of the bubbles significantly by varying the contact angles, 

the volume of the bubble output and the frequency, while 

the nanoparticles deposited on the heating surface modify 

the wettability of the surface and reduce the thermal re-

sistance of the evaporator and condenser. The techniques 

used for ST and W measurement of nanofluids are similar 

to those developed and exploited for common liquids. 

Surface tension results are influenced by many factors, 

such as: measurement methods, measurement instru-

ments, nanoparticle sizes, base fluids, and concentra-

tions. Because of this, there are conflicting conclusions 

regarding changes in surface tension as a result of the ad-

dition of nanoparticles. 

C. Viscosity 

Viscosity is the resistance of liquids to deformation 

caused by shear or longitudinal stresses (Yang et al., 

2020), governs the ease of flow. 

The viscosity of nanofluids is also crucial for thermal 

and energy applications. In fact, the pumping power in 

energy and heat systems is related to the viscosity of 

nanofluids, and the pressure drop in flow systems is di-

rectly related to viscosity. 

Single nanofluids 

Nanofluids exhibit significantly higher viscosity com-

pared to their base fluids and increase further with in-

creasing nanoparticle concentration. Through a thermal 

and hydraulic analysis, Prasher et al. (2006) demon-

strated that the relative increase in viscosity must be ap-

proximately four times greater than the relative increase 

in thermal conductivity for nanofluids to be better than 

base liquid in heat transfer applications under a laminar 

regime. This means that if the thermal conductivity of a 

given nanofluid increases by 25% at a certain concentra-

tion of nanoparticles, the increase in viscosity of that 

nanofluid at that concentration must be within 100% for 

its heat transfer performance to be superior to the base 

fluid alone. While nanofluids exhibit higher viscosities 

compared to their base fluids, other significantly im-

proved thermal properties and characteristics such as 

thermal conductivity, heat transfer coefficient, and criti-

cal boiling heat flux can fully offset that drawback, mak-

ing this class of fluids a strong candidate in the new gen-

eration of refrigerants (Suganthi and Rajan, 2017). 

With laminar flow, the benefit of using nanofluids is 

evaluated from the viscosity ratio and improvement of 

thermal conductivity, denoted 𝐶𝜇 and 𝐶𝑘 respectively, 

and is achieved when the following criteria are met 

(Timofeeva et al., 2011): 

 
𝐶𝜇

𝐶𝑘
< 4 (1) 

However, this implies that both the viscosity and the ther-

mal conductivity ratio of nanofluids increase linearly 

with respect to the volume fraction of the nanoparticles, 

whatever the temperature tested, in the following ways: 

 
𝜇𝑛𝑓

𝜇𝑏𝑓
≈ 1 + 𝐶𝜇𝛷 (2) 

 
𝑘𝑛𝑓

𝑘𝑏𝑓
≈ 1 + 𝐶𝑘𝛷 (3) 

where, 𝜇𝑛𝑓 is the viscosity of the nanofluid, 𝜇𝑏𝑓 is the 

viscosity of the base fluid, 𝑘𝑛𝑓, 𝑘𝑏𝑓 the thermal conduc-

tivity of the nanofluid and the base fluid respectively and 

𝛷 corresponds to the volume fraction of nanoparticles. 

Under a turbulent regime, the heat transfer rate and the 

efficiency of nanofluids depend on the totality of the ther-

mophysical properties of the fluid, and can be evaluated 

considering the Mouromtseff number (Mo), defined as 

follows (Timofeeva et al., 2011): 

 𝑀𝑜 =
𝜌𝑎𝑘𝑏𝐶𝑝

𝑐

𝜇𝑑
 (4) 

where, 𝜌, 𝐶𝑝, 𝜇 corresponds to the density, the specific 

heat and the viscosity respectively. The exponents 𝑎, 𝑏, 

𝑐 and 𝑑 take appropriate values for the heat transfer and 

the corresponding heat transfer correlation. For a specific 

nanofluid, these thermophysical properties depend on the 

nanoparticle material, the base fluid, and the volumetric 

concentration of the nanoparticle. 

Therefore, a nanofluid is considered to be efficient 

when the Mouromtseff number ratio of nanofluid and 

base fluid is greater than 1. The higher this ratio, the 

greater the potential of the nanofluid as a cooling fluid. 

Regarding the influence of the shape of the nanoparticles 

on the viscosity, the flow resistance of the fluids in the 
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presence of non-spherical particles is more pronounced 

than those in the presence of spherical particles 

(Bhattacharya and Sharma, 2016). 

Hybrid nanofluids 

The viscosity of hybrid nanofluid depends on the synthe-

sis and preparation methods, nanoparticles size and 

shape, volume fraction, concentration, and temperature. 

The kinematic viscosity is inversely proportional to the 

temperature of the hybrid nanofluid (Muneeshwaran et 

al., 2021). 

Chaitanya Lahari et al. (2022) studied Cu-SiO2 hy-

brid nanofluids produced in a glycerine-water combina-

tion base liquid with concentrations of 0.2, 0.6, and 1.0 

percent, they observed that viscosity of nanofluids rises 

with volume concentration and falls with temperature, 

the same correlation was observed by Huminic et al. 

(2021) 

D. Thermal conductivity 

Thermal conductivity is directly related to heat transfer 

capabilities of fluids. 

Single nanofluid 

In nanofluids, the high thermal conductivities of solid na-

noparticles effectively increase the thermal conductivity 

of suspensions.  Nanofluids have higher thermal-conduc-

tivity and single-phase heat transfer coefficient than base 

fluid (Yang et al., 2020).  

According to Suganti and Rajan (2017) the increased 

thermal conductivity of nanofluids can be attributed to 

various mechanisms at the molecular level, such as mi-

croconvection-induced Brownian motion, interfacial 

fluid stratification, and particle clustering. The influence 

of these mechanisms at the molecular level on the ther-

mal conductivity of nanofluids depends on several phys-

ical factors such as: the size and shape of the nanoparti-

cles, the morphology of the aggregates, the nanoparticle-

liquid interaction, the temperature, the viscosity, etc. 

Maheshwary et al. (2020) found that there is a rela-

tionship between the shape of the nanoparticles and the 

thermal conductivity which is associated with the spe-

cific surface area of the nanoparticles. 

Esfahani et at. (2016) demonstrated that there is an 

optimal concentration of nanoparticles at which the par-

ticle size and viscosity of graphene oxide nanofluids 

show a significant improvement in thermal conductivity, 

and further concentration increases do not have a signif-

icant effect on the improvement of thermal conductivity. 

On the other hand, experimental studies on the influ-

ence of particle shape on thermal conductivity of disper-

sions indicate that nanofluids containing cylindrical/ 

elongated / rod-shaped particles have a higher thermal 

conductivity compared to nanofluid that contain spheri-

cal particles (Murshed and Estellé, 2017). The decrease 

in particle size resulted in an increase in the specific sur-

face area; hence the more interaction between particles 

and between molecules of base fluids and nanoparticles 

(Żyła et al., 2018). 

There are some particularities for some materials, for 

example the carbon nanotube nanofluids enhanced their 

thermal conductivities however fullerene nanofluid de-

creased its thermal conductivity which arose from differ-

ence in their molecular structures (Ueki et al., 2017). 

Hybrid nanofluid 

Thermal conductivity of the hybrid nanofluids is a strong 

function of the type of nanoparticles and their concentra-

tion, type of base fluid, and the operating temperature 

(Muneeshwaran et al., 2021)  

The increase in thermal conductivity of hybrid 

nanofluids depends on many parameters like: accumula-

tion of particles, the volume fraction of nano-particles, 

brownian motion, thermophoresis, size of nano-particles, 

shape of nano-particles, The thickness of the fluid layer 

between the nano-particles and  temperature (Yang et al., 

2020). 

For instance Vărdaru et al., (2022) studied the gra-

phene oxide (GO)-silicon (Si)/water hybrid nanofluid 

and found that the thermal conductivity increases both 

with rising temperature and with increasing graphene ox-

ide content. Similarly (Chaitanya Lahari et al., 2022) ob-

served that thermal conductivity rose as volume concen-

tration and temperature increased. 

E. Heat transfer  

Hybrid nanofluid 

Hanafi et al. (2022) studied pure water as the base fluid, 

Al2O3-Cu/water hybrid nanofluid, and two types of sin-

gle-particle nanofluids which are alumina, and copper 

nanofluids. In comparison with water as the base fluid, 

there is an increase in the average heat transfer coeffi-

cient of the target surface of about 8.73% for hybrid 

nanofluid, 1.89% for Al2O3 nanofluid, and 0.17% Cu 

nanofluid. Hybrid nanofluid shows the highest heat trans-

fer performance and reduces the greatest amount of heat 

from the surface to the fluid. 

E. Density 

Thermal conductivity and viscosity are not sufficient to 

theoretically calculate the heat transfer coefficient. It is 

also necessary to know the density and specific heat. 

These properties must be accurately determined as they 

have a considerable effect on nanofluid flux and heat 

transfer characteristics. The most important influence of 

the density is in the design of a piping system where to-

gether with the viscosity it influences the pressure drop 

and the pumping power. Furthermore, this property is re-

lated to the stability of the suspended system. 

Some researchers have treated the density of nanoflu-

ids using various mixing rules. For example, Sun and 

Teja (2003) found that density and viscosity could be cor-

related using mixing rules based on mass fraction. In 

1988 Pak and Cho (Bock Choon Pak, 2013) adopted the 

following equation for nano-sized particles: 

 𝜌𝑛𝑓 = 𝜌𝑃𝜑 + 𝜌𝑏𝑓(1 − 𝜑) (5) 

where: 𝜌𝑛𝑓 is the density of the nanofluid, 𝜌𝑃 is the den-

sity of the particle, 𝜌𝑏𝑓 is the density of the base fluid, φ 

is the concentration of the volume of the particle and 𝜌𝑏𝑓 

is the density of the base fluid. This correlation has been 

based on the ideal gas mixing theory (mixing model), and 

models the density of nanofluids for a volume fraction 
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equal to or less than 1% (Sharifpur et al., 2016). Vajjha 

et at. (2009) demonstrated that the density values of the 

Al2O3 and Sb2O5: SnO2 nanofluids show agreement with 

Eq. 5. That is, as the volume concentration of the 

nanofluids increases, the density value also increases. 

This increase is compatible with the addition of higher 

density particles to the base fluid. Other recent research 

(Sharifpur et al., 2016) shows that the usual approach 

(mixing model) for the density of nanofluids offers an 

overestimate, and the gap increases with increasing vol-

ume fraction. This gap shows that the nanolayer must be 

considered for density predictions. On the other hand, 

when evaluating the density-temperature relationship, 

the experimental data (Montazer et al., 2018; Żyła et al., 

2018) demonstrate that the density decreases signifi-

cantly with increasing temperatures. 

F. Specific heat capacity 

Syngle nanofluid 

Noraldeen et al. (2022) studied, the particle size, inter-

face, and temperature effects on the specific heat capacity 

of Cu-water nanofluid, The results showed that the spe-

cific heat capacity increases with increasing nanoparti-

cles size, but increases with decreasing temperature. 

Jamei et al. (2021) found that the specific heat capac-

ity decreasing with increases volume fraction. 

Hybrid nanofluids 

Specific heat capacity of hybrid nanofluids, a key thermal 

property in energy systems is affected by the size of the 

nanoparticles, nanoparticle volume concentration and 

temperature. Nanoparticle volume concentration have an 

inverse relationship with the specific heat capacity, an in-

crease in temperature improves the specific heat capac-

ity, and this is more significant at temperatures above 

50℃ (Adun et al., 2021b). 

Adun et al. (2021a) studied the specific heat capacity 

of Fe3O4-Al2O3-ZnO water-based nanofluid, in three 

mixture ratios: 1:1:1, 1:2:1 and 1:1:2, the result showed 

that there exists a linear effect of temperature on the spe-

cific heat capacity of the ternary hybrid nanofluid. Also, 

when the volume concentration increases the specific 

heat capacity to decrease.  

IX. NANOFLUIDS APPLICATIONS 

Nanofluids have been shown to have great potential to 

improve heat transfer and are well suited for application 

in different heat exchangers. According to most experi-

mental and theoretical studies, nanoparticle suspensions 

significantly improve heat transfer, and the heat transfer 

coefficient of nanofluids is found to be greater than that 

of their base fluid, both under heat transfer by natural as 

well as forced convection. This will offer an opportunity 

for engineers to develop highly compact and effective 

heat transfer equipment for many industrial applications, 

including transportation, nuclear reactors, electronic 

component cooling, and biomedical. 

A. Automotive applications 

The energy crisis and fuel economy have created compe-

tition between car manufacturers. Designers must im-

prove the aerodynamic designs of vehicles to reduce the 

amount of energy required and overcome drag force. Un-

fortunately, they face the fact that more than 50% of the 

vehicle's total energy production is lost by overcoming 

aerodynamic drag. Therefore, it is required to replace the 

poor cooling medium, like ethylene glycol-water mix-

ture, with nanofluids to remove heat of a relatively 

smaller size (Bigdeli et al., 2016; Devendiran and 

Amirtham, 2016). 

Paul et al. (2019) evaluated a graphene-based 

nanolubricant functionalized with dodecylamine in a 

commercially available lubricant (motor oil), noting that 

the nanolubricants reduce the coefficient of friction by 

approximately 40% compared to the base motor oil, 

which is due to the formation of a tribofilm. 

Sivalingam et al. (2022) evaluated the optimization 

of automobile radiators with MWCNT dispersed in gly-

col determined the improvement of heat transfer by 

forced convection by the dispersed MWCNT. 

Another focus of nanofluids is to increase the effi-

ciency of engine oil. Siddique et al. (2022) estudied 

nanofluid containing molybdenum disulfide (MoS2) na-

noparticles. It was found that the nanoparticles of MoS2 

enhance the lubrication and heat transport rates of engine 

oil. 

B. Biomedical applications 

In recent years, nanofluids have contributed to a wide 

range of applications in medical applications and in the 

biomedical industry. 

Applying magnetic nanofluid systems is an important 

route for targeted drug delivery, hyperthermia, and dif-

ferential diagnosis (Sheikhpour et al., 2020) 

It has been found that iron-based nanoparticles can be 

used as drug delivery vehicles and have therefore been 

used in nanopharmaceutical applications (Godson et al., 

2010). They can also be used to kill cancer cells without 

affecting nearby healthy cells by producing higher tem-

peratures around tumors (Godson et al., 2010). On the 

other hand, nanofluids can also be used in cryosurgery, 

which is a procedure that uses freezing to destroy un-

wanted tissues (Tzeng et al., 2005). 

C. Applications as refrigerants 

A major amount of domestic energy consumption is 

spent on refrigeration and space cooling appliances (Bha-

rathwaj Praveen et al., 2021). Many researchers have ex-

perimented with the use of nanofluids as an engine cool-

ant. Improvements have been reported in the thermal 

properties of nanofluids compared to conventional refrig-

erants. 

TiO2 nanolubricant was used to study the perfor-

mance of domestic air conditioner, the original system 

has R22 refrigerant. Three alternate refrigerant blends 

was used, results showed that the selected blends with 

nanolubricant have higher coefficient of performance 

compared to R22 (Ahmed and Ahamed, 2022). 

Liu et al. (2018) prepared a new type of nanofluid 

phase change materials by suspending small amounts of 

TiO2 nanoparticles in a saturated aqueous solution of 

BaCl2. The cold storage/supply rate and cold storage/sup-
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ply capacity increased much more than that of the aque-

ous BaCl2 solution without added nanoparticles. The 

higher thermal efficiencies of nanofluid indicate that they 

have a potential to replace conventional fluids in cold 

storage applications. 

D. Solar energy conversion systems 

Diverse range of solar energy conversion systems has 

been employed to convert solar energy into desired use-

ful form e.g. photothermal conversion, photoelectric con-

version, photochemical conversion, and photothermal-

photoelectric conversion (Shah and Ali, 2019). 

The photovoltaic panel’s efficiency will drop when 

the surface temperature rises, that will also have an ad-

verse effect on the panel’s performance and lifespan. 

Therefore, the cooling of the photovoltaic panel will in-

crease the electrical efficiency (Murtadha and Adil, 

2022).  

Thermal energy storage as in solar thermal systems in 

the form of latent and sensitive heat has become an im-

portant aspect of energy management, with an emphasis 

on the efficient use and conservation of waste heat and 

solar energy in the industry and in buildings.  

Murtadha et al. (2022) compare the three concentra-

tions of Titanium Oxide nanofluid (1 wt%,2 wt%,3 wt%), 

Cooling by nanofluid at concentration (3 wt%) had the 

highest efficiency (19.23%). 

F. Other applications 

Philip and Shina (2012) developed a ferrofluid-based 

emulsion to select different wavelength bands in the UV, 

visible and IR regions. The desired range of wavelengths, 

bandwidth, and percent reflectivity could be easily con-

trolled through the use of suitably adapted ferrofluid 

emulsions.  

Aqueous dispersion of silica nanoparticles can im-

prove oil recovery through wettability alteration via 

rock/fluid and fluid/fluid interactions, adhesion force be-

tween these non-polar moieties and minerals decrease 

with increasing nanofluid concentration (Afekare et al., 

2020). 

Rahman et al. (2019) reported on the performance of 

nanofluids cooling and lubrication in turning operation of 

the superalloys, in particular, titanium alloys, they found 

that the increase in nanoparticle concentration led to the 

decrease of nanolubrication effectiveness, and that   The 

use of canola nanofluid containing 0.5 vol.% Al2O3 inhi-

bió los defectos de la superficie e impartió una textura 

superficial muy suave. 

X. CONCLUSIONS 

This review shows the wide spectrum of nanomaterials 

used to obtain nanofluids and the importance of the vari-

ables used for their evaluation, as well as the use-fulness 

and advantage of nanofluids in various applications, from 

the simplest to the most complex. 

The development of the nanofluids faces challenges 

as the lack of agreement between experimental results 

from different groups, the poor performance of suspen-

sions; and lack of theoretical understanding of the mech-

anisms. 

In some cases, the properties of simple nanofluids and 

hybrid nanofluids have similar behaviors or depend on 

the same variables, although in other cases they present 

different behaviors, as well as different behavior in re-

sponse to the same variable. In some cases, the behavior 

depends of the particular type of nanomaterial. 

The challenge of nanofluid development lies in un-

derstanding how micro- and nanoscale interactions be-

tween particles and fluids affect the thermophysical prop-

erties of the suspension to identify new and unique appli-

cations for different fields. 
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