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Abstract - The shortage of fossil fuels and environmental considerations are motivated the researchers to do further research 
to improve utilization of solar energy. The nanofluids application is a relatively new for better performance on small change 
in volume and concentration, which is less than three decades old. The aim of this review paper is the nanofluids applications 
in solar thermal engineering systems. Therefore, it is essential to enhance the efficiency and performance of the solar thermal 
systems. this review paper allocated to the effects of nanofluids on the performance of solar collectors and solar water 
heaters, thermal energy storage, solar cells, and solar stills are reviewed. The challenges of using nanofluids in solar energy 
devices are also discussed. 

 

 

I. INTRODUCTION 

 

The heat transfer oil, water, ethylene glycol are 

common heat transfer fluids play an important role in 

many industrial processes applications. These fluids 
have relatively low thermal conductivity and thus 

cannot reach high heat exchange rates in thermal 

engineering devices. A way to overcome this barrier 

is using ultra fine solid particles suspended in 

common fluids to improve their thermal conductivity. 

The suspensions of nano-sized particles (1–100 nm) 

in a conventionalbase fluid are called a nanofluid. 

Nanofluids compared to suspensions with particles of 

millimeter-or-micrometer size, show better stability, 

rheological properties, and considerably higher 

thermal conductivities. 
 

In recent years, many researchers have explored the 

effects of nanofluids on the enhancement of heat 

transfer in thermal engineering devices using 

experimental and theoretical approach. Researchers 

have also applied a variety of preparation methods, 

characteristics, and different models used for the 

calculation of thermophysical properties of 

nanofluids (i.e., thermal conductivity, viscosity, 

density, specific heat capacity). Some investigators 

have also summarized the effects of nanofluids on 

flow and heat transfer in natural and forced 
convection in different systems.  

The enhanced thermal behavior of nanofluids could 

provide a basis for an enormous innovation for heat 

transfer intensification, which is of major importance 

to a number of industrial sectors including 

transportation, power generation, micro 

manufacturing, thermal therapy for cancer treatment, 

chemical and metallurgical sectors, as well as 

heating, cooling, ventilation and air-conditioning. 

Nanofluids are also important for the production of 

nanostructure materials for the engineering of 
complex fluids as well as for cleaning oil from 

surfaces due to their excellent wetting and spreading 

behavior. Another application of the nanofluid flow is 

in the delivery of nano-drug as suggested by 

Kleinstreuer et al. . Saidur et al.  reviewed the 

potential of nanofluids in the improvement of heat 
transfer in refrigeration systems. The authors 

concluded that more studies are required to find the 

reasons behind the considerable improvements in heat 

transfer whereas an insignificant increase in pressure 

occurs.  

It is important to apply solar energy to a wide range 

of applications and provide solutions through the 

modification of the energy proportion, improving 

energy stability, increasing energy sustainability, and 

enhancing system efficiency . This paper presents a 

review of former studies on the application of 
nanofluids in solar thermal engineering systems. The 

former works on applications of nanofluids in solar 

energy are mainly related to their applications in 

collectors. Therefore, this review mainly investigates 

the effects of nanofluids on the efficiency 

improvement of solar collectors as well as on 

economic and environmental considerations 

regarding the usage of these systems. Other 

applications of nanofluids in thermal energy storage, 

solar cells, and solar stills are also reviewed. Some 

suggestions also are made for future works in this 

field. In addition, the existing challenges of using 
nanofluids in solar energy applications are discussed. 

Finally, the authors wish to mention that in contrast 

with the comprehensive references on nanofluids 

mentioned above much less is known about the 

application of nanofluids in solar energy applications.  

It should be reiterated here that, as this is the first 

systematic review paper on this subject, it is desirable 

to provide as complete details as possible. However, 

in an attempt to reduce the overall length of the 

paper, without compromising the technical quality, 

only some very important questions for problems of 
practical applications have been briefly described. 
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II. PARABOLIC TROUGH SYSTEMS 

 
A theoretical work has been done on parabolic trough 

collectors; therefore some experimental studies can 

be performed on the effects of nanofluids on the 

efficiency of parabolic trough systems.  

 

2.1. Solar cells 

Cooling of solar cells can improve the efficiency of 

such solar devices. Nanofluids can be used as a 

solution to cool the solar cells. Elmir et al.  Simulated 

the cooling of a silicon solar cell using the finite 

element method. They considered the solar panel as 

an inclined cavity (with a slope of 30 and solved the 
equations in Cartesian coordinate system. They used 

Al2O3/water nanofluid for their analysis, where the 

thermal conductivity and viscosity of the nanofluid 

are estimated using the models of Wasp and 

Brinkman , respectively. They concluded that using 

nanofluids leads to the increase of the average 

Nusselt number, and, hence, the rate of cooling 

increases with increases in volume fraction. Of 

course, it should be noted that the thermo physical 

properties, which are used in this study, are old and 

they do not predict the thermal conductivity and 
viscosity of nanofluids correctly.  

 

Therefore, it is suggested that in the future works, 

temperature-dependent models, or at least newer 

temperature independent models are used to calculate 

the thermophysical properties of nanofluids. For 

example, to calculate the viscosity of nanofluids, the 

models and relation presented by Maiga et al. , 

Buongiorno , Nguyen et al. [59], Koo and 

Kleinstreuer , and Duangthongsuk and Wongwises  

can be used. To estimate the thermal conductivity of 

nanofluids, the relations presented by Maiga et al. , 
Xuan et al., Jang and Choi , Koo and Kleinstreuer , 

Chon et al. , Duangthongsuk and Wongwises and 

Yiamsawasd et al. can be applied. 

 

2.2.3. Solar stills 

Potable water demand is increasing due to rapid 

population increase and due to uncontrolled pollution 

of freshwater resources. According to the World 

Health Organization, nearly 2.8 billion people 

(approximately 40% of the world population) 

currently have no access to safe drinking water, and 
water-borne diseases account for 90% of all 

infectious diseases in the developing world . In arid 

remote regions in the world, the provision of fresh 

water is more critical. In these regions, solar 

desalination systems can solve part of the problem 

where solar energy is available. Solar stills can be 

used to avoid the greenhouse gas emissions from the 

production of fresh water. Many researchers have 

carried out research on solar stills, and different 

methods are applied to improve their productivity. 

Recently, Gnanadason et al. reported that using 

nanofluids in a solar still can increase its productivity. 

The schematic of their experimental set-up is shown 

in Fig. 1.  
 

 
Figure 1 Schematic Diagram of Solar Still using Nanofluid 

 

They investigated the effects of adding carbon 

nanotubes (CNTs) to the water inside a single basin 

solar still. Their results revealed that adding 

nanofluids increases the efficiency by 50%. 

Nevertheless, they have not mentioned the amount of 

nanofluid added to the water inside the solar still. 
Regarding the addition of nanofluids to the solar still, 

the economic viability should be considered. In 

literature, some works reported that adding dyes to 

solar stills could improve the efficiency. For instance, 

Nijmeh et al. concluded that adding violet dye to the 

water inside the solar still increases the efficiency by 

29%, which is considerable. On the other hand, it is 

evident that nanofluids (especially CNTs) compared 

to dyes are more expensive, hence this may be a 

challenge on using nanofluids in solar stills, because 

in this type of use of nanofluids in solar stills the 

nanofluids have no flow in a closed loop so that they 
could be recovered. 

 

III. FUTURE WORK 

 

The above review shows that the application of 

nanofluids in solar energy applications is still in its 

infancy. Nanofluids can be used in many fields of 

solar energy. Here, some suggestions are presented 

for future work in the area. The authors hope that 

these proposals will be helpful for the development 

on the use of nanofluids in the solar thermal devices. 

3.1. Photovoltaic/thermal systems 

A photovoltaic/thermal (PV/T) system is a hybrid 

structure that converts part of the sun’s radiation to 

electricity and part to thermal energy . One can 

investigate experimentally the effects of using 

different nanofluids on the cooling rate, and, hence, 

the efficiency of the PV/T systems. In this area, the 

effects of different volume fractions, nanoparticle 

size on the efficiency of the system can be studied. A 

review of the literature shows that many researchers 

have been carried out on the potential of nanofluids 
for cooling of different thermal systems such as 

electronic devices, automobile radiator, and micro 
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channel heat sinks. Therefore, using nanofluids to 

cool the PV/T system may be reasonable. 

3.3. Solar thermoelectric cells 

In recent years, interest in the development of solar 

thermoelectric systems has been considerably 

increased. The thermoelectric cells can be used to 

convert the solar energy to electricity due to the 

temperature difference between two hot and cold 

surfaces. A greater temperature difference between 

the hot and cold surfaces of the thermoelectric cell 

leads to a bigger electricity production.  

 
Figure 2 Solar Trough Thermoelectric Collector 

 

The authors would like to suggest an experimental 

setup to investigate the effects of nanofluids on the 

performance of such systems. Fig. 2 shows the 

schematic of the set-up, which is a development of 

the work done by Fan et al. . In this work, a dish 

concentrates the solar radiation on the thermoelectric 
cells installed on the focal point of the dish. In this 

way the effects of different nanofluids with various 

mass flow rates on the efficiency of the solar 

thermoelectric cell can be studied. 

 

IV. CHALLENGES 

 

The possible challenges for the application of 

nanofluids in solar thermal devices are mentioned 

briefly in the following sections. 

4.1 High cost 

The first possible challenge in the use of nanofluids 
in solar thermal devices is the high cost of nanofluids 

because of difficulties in production. The high cost of 

nanofluids to use in thermal engineering systems such 

as heat exchangers is emphasized as a disadvantage in 

some works . 

4.2. Instability and agglomerating 

Instability and agglomerating of the nanoparticles is 

another problem. Therefore, using nanofluids in solar 

systems with natural circulation (such as 

thermosiphons) where there is no pump to circulate 

the fluid, is not reasonable. It should be also noted 

that for high temperature gradients the agglomeration 
of nanoparticles seems to be more serious [90]. 

Therefore, exact investigations are needed for an 

appropriate selection of a nanofluid for applications  

in high temperatures. 

4.3. Pumping power and pressure drop 

Using a nanofluid with higher viscosity compared to 

the base fluid leads to the increase of pressure drop 

and consequently the increases in the required power 

for pumping. For example, Duangthongsuk and 

Wongwises [91] found during their experiments that 

the pressure drop under a turbulent regime increases 
with an increase in volume fraction of TiO2/water 

nanofluid. In another experimental research, Razi et 

al. [92] also concluded that using CuO/oil nanofluid 

increases the pressure drop under a laminar regime. 

4.4. Erosion and corrosion of components 

Existing of nanoparticles in nanofluid may lead to 

corrosion and erosion of thermal devices in a long 

time. Celata et al., recently investigated the effects of 

nanofluid flow effects on erosion and corrosion of 

metal surfaces. They conducted their experiments for 

TiO2, Al2O3, SiC, ZrO2 nanoparticles with water as 

the base fluid where the nanofluids flow in pipes with 
three different materials, i.e., aluminum, copper and 

stainless. They concluded that the nanofluids have no 

effect on the erosion of the stainless pipe, while the 

aluminum pipe has highest erosion. They also found 

that ZrO2 and TiO2 nanoparticles lead to highest 

erosion while SiC nanoparticles results in lowest 

erosion.  
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Table 1 

Summary of former works on the application or potential of nanofluids to use in solar collectors. 

 

Table 1 Shows the summary of former works on the 
application of nanofluid to use in solar collector. 

 

CONCLUSION 

 

Nanofluids are advanced fluids containing nano-sized 

particles that have emerged during the last two 

decades. Nanofluids are used to improve system 

performance in many thermal engineering systems. 

The experimental and numerical studies for solar 

collectors showed that in some cases, the efficiency 

could increase remarkably by using nanofluids. 
Therefore, it is suggested that the nanofluids in 

different volume fractions should be tested to find the 

optimum volume fraction. It is also seen that the 

available theoretical works give different results on 

the effects of particle size on the efficiency of the 

collectors It is worth to carry out an experimental 

work on the effect of particle size on the collector 

efficiency. It is also concluded that some factors such 

as adding surfactant to nanofluid and a suitable 

selection of the pH of nanofluid are effective in the 

collector efficiency. other reported works of 

applications of nanofluids in solar cells, solar thermal 
energy storage, and solar stills are also reviewed. This 

review reveals that the application of nanofluids in 

solar energy is yet in its infancy. Therefore, some 

proposals are presented to develop the use of 

nanofluids in different solar systems such as solar 

ponds, solar thermoelectric cells, and so on. Finally, 

the most important challenges on the use of 

nanofluids in solar systems including high costs of 

production, instability and agglomeration problems, 

increased pumping power and erosion are mentioned.  
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