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Among other nanoparticles, higher thermal conductivity can be found in Carbon 
nanostructures due to the low density and intrinsic thermal conductivity in 
comparison with metals or metal oxides. This paper has reviewed the results of 
different experiments that were done to examine the heat transfer capabilities of 
graphene nanofluids. An overview summary of the latest graphene nanofluid’s 
preparation methods in addition to some features that effect on the thermal 
conductivity such as viscosity, concentration, particles size and temperature has been 
provided. Furthermore, a critical review has been given to the convective heat transfer 
performances of graphene nanofluids. The paper showed that a significant result is 
found in using graphene nanofluids as a working fluid through tube channel to 
enhance heat transfer. In regard to the literature there is no study has been done on 
the influence of graphene nanofluids in facing step and corrugated. 
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1. Introduction  
 

Due to the rapid development of science and the growing needs of industries to obtain rates of 
high heat transfer, many attempts have been done to reach for original approaches to enhance the 
rates of heat transfer. Despite the fact that various methods have been used effectively such as 
applying electric or magnetic fields changing the geometry and increasing the heat transfer surface, 
but they are still unable to fulfil the recent needs of heat flux dissipation and heat transfer.  

It can be said that nanofluid is part of nanoparticles within a common working liquid such as 
water or ethylene glycol which is made in order to form an effective another working fluid meant for 
enhancing heat transfer [1]. However, there is a main concern when it comes to any technology that 
works with small size and high power, which is the heat removal and management. Therefore, 
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highlighting these issues by using nanofluids has drawn the attention of the scientist working in this 
field. Nanofluid can be deigned in many situations to fulfil a specific demand and it can play as pliant 
cooling method through its ability to adapt the need of particular system. Generally, nanofluids have 
the ability to be the major adjustable coolant in the world, as in various situations, they can play the 
role of flexible cooling method due to the fact that they can be designed to fulfil a specific inquiries, 
therefore, they have the ability of adjusting to the necessities of a specific system [2,3].  

Various attempts have been done on properties of surfaces such as roughness, shape and 
extension as well as on the on heat transfer fluid and fluid motion whether the laminar or turbulent, 
to raise the fluid heat transfer coefficient. Recently, many studies have been done to investigate the 
preparation of nanofluids by using carbon based nanostructures [4]. One of the most materials that 
have been studied recently is the graphene [4], which can be defined as a single-atom-thick sheet of 
hexagonally arrayed sp2-bonded carbon atoms. Graphene has attracted the scientists’ attention 
since its discovery by Novoselov et al., [5], due to its significant electrical characteristics as its high 
transfer or mobility. Generally, carbon atoms are arranged in a ordered two sp2 orbitals bonded 
atomic-scale hexagonal shape which is considered as a main arrangement for other sp2 carbon 
bonded nanostructure material [6]. In the past few years, many studies have been looked at 
graphene because of its significant features (e.g. optical, electrical, thermal, mechanical etc.) [7]. In 
graphene research , graphene’s characterization considered as vital part and includes measurements 
in regard to several spectroscopic and microscopic techniques [8]. In addition, studies have examined 
the significance of graphene nanoparticles and their advantages in comparison with other 
nanoparticles. These studies has stated that the graphene nanoparticles have various benefits such 
as better stability, lower corrosion, larger surface area/volume ratio, erosion and clogging, lower 
demand for pumping power, higher thermal conductivity and significant energy saving . 

Therefore, this paper reviews some studies that were done to have an over view of the improved 
tribology and thermal conductivity (𝑘) of graphene and oxide graphene nanofluids. Improvements 
and main issues related to synthesis, properties and characterization have been discussed too. 
Moreover, a critical review the results of the existing studies on thermal conductivity measurements 
and the convective heat transfer performances of graphene nanofluids is provided. The main 
parameters, which have an effect on the 𝑘, tribology and viscosity, have been clarified. Gaps were 
identified in previous research findings and recommendations for future researches were provided. 
 
2. Synthesis of Nanofluids 
 

Preparation method is the most essential part when it comes to the experimental investigation 
on nanofluids, which has to include two factors; the first is to be agglomeration free, while the other 
should be less sedimentation in the long time duration in real uses. Nanofluids are considered as a 
complicated combination of liquid and solid where the first is base fluid and the second is 
nanoparticle. However, in some kinds, the nanofluids need main requirements such as nanoparticles’ 
trifling agglomeration, strong stable suspension and no chemical change of the base fluid. By 
providing particles in nano size in the base flued containing oil, water and ethylene glycol (EG), the 
Nanofluids manufactured. This process may be obtained by preparation method including one or two 
steps, such as graphene oxide for one-step preparation method and graphene nanoplatelets (GNP) 
nanofluid for two-steps preparation method [9]. However, these two methods have both advantages 
and limitations, and the method is determined by the production measure as well as the quality and 
purpose of groups needed for steady diffusion in to the targeted base fluid. 

Graphene can be found in either multi-layers or single layers. Single-layer graphene is usually 
acquired from “highly ordered pyrolytic graphite” (HOPG) by micromechanical cleavage [5]. To obtain 
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graphene in this method, a layer must remove the HOPG crystal, using transferred and scotch tape 
on to a silicon substrate. Furthermore, chemical methods can as well be used to prepare graphene 
through reducing the single-layer graphene oxide spreading in dimethlyformamide (DMF) by 
hydrazine hydrate [10]. There are several steps to produce the graphene nanofluid. The first one is 
use potassium suffocate salt to treating the graphene chlorine salt in methanol. The next step is to 
dialyze the product of the first step. This step is followed by the third step that is dissolving the 
product centrifuging it. While the final step is to discard the insoluble particles then collect and dry 
the supernatant liquid in order to get the solvent-free graphene nanofluid. Mehrali et al., [11] have 
created nitrogen doped graphene with pristine graphene oxide by hydro-thermal treating in a Teflon 
lined autoclave with NH₃.  

Additionally, highly stable graphene based nanofluids was proposed by Wang et al., [12]. This was 
obtained when graphene oxide (GO) powder was separated into the Distilled water (DW) with 
assistance of hydrazine hydrate and ultrasonication was added into the combination. The process 
resulted in a solid product, which was washed by ethanol and Distilled water then exsiccated in a 
vacuum oven at 60°C for 24 hours to extract the remaining of solvent. Furthermore, Park et al., [13] 
and Ghozatloo [14] have conducted a study to produce grapheme nanosheets. In order to do so, they 
tried to improve the graphene nanosheet on copper foil by catalytic putrefaction in a quarts tube 
furnace system. This was done by using Chemical vapor deposition (CVD). The next step was to 
functionalize the graphene by using potassium per sulphate and reflux system (see Figure 1), followed 
by mixing it with deionized water (DI). As a final step, the product was put in the ultrasonic bath for 
one hour in order for the graphene nanofluid to be prepared. Table 1 illustrates and summarizes the 
preparation of different graphene based nanofluid. 
 

 
Fig. 1. Reaction scheme for the treatment of graphene using potassium per sulphate [14] 

 
 
3. Stability 
 

One of the big challenges that face the preparation of nanofluid is to get a homogeneous and 
stable nanofluid. The nanoparticles have the capability to aggregate because of the great van der 
Waals connection between them. Generally, the researchers use various techniques to enhance the 
nanofluid’s dispersion and to reduce the aggregation of particles that prevent long-term stability, 
including physical or chemical treatment. Nevertheless, it was reported that collecting and 
aggregation as features that help to boost nanofluid’s thermal conductivity. Thus, when it comes to 
the preparation, these issues must be considered if a balance is meant to be created between the 
stability of a nanofluid and thermal conductivity [26,27]. 
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Table 1 
Summary of graphene nanofluid preparation methods 
Authors Nanofluid Preparation method Concentration 

Nazari et al., [15] Graphene oxide- 
water 

Hummer method 0.25, 0.5, 1, 
and 1.5 g/lit 

Akhavan-zangjani 
et al., [16] 

Graphene-water Chemical method 0.02% 

Sadeghinezhad et 
al., [17] 

Graphene 
nanoplatelets 
(GNP)- distilled 
water 

The two step method 0.025, 0.05, 
0.075, 
and 0.1 wt% 

Mehrali et al., 
[18] 

Nitrogen-doped 
graphene/water 

The two step method 
 

0.01, 
0.02, 0.04, 
0.06 wt% 

Zhang et al., [19] Graphene oxide- 
water 

The two step method 
and chemical reduction 
methods 

0.2, 0.4, 0.6, 
0.8, and 1.0 
mg/ml 

Asirvatham et al., 
[20] 

Graphene-Acetone Provided by 
manufacturer 

0.05–0.09 
vol% 

Shende and 
Sundara [21] 

Nitrogen-doped 
graphene /Ethylene 
glycol 
Deionized water 

Graphene oxide 
prepared using Hummer 
method and the WNTs 
prepared using CVD 
 

0.005–0.03 
vol% 
0.005–0.02 
vol% 

Ma et al., [22] Functionalized 
graphene 
nanosheets/Silicone 
oil 

Hummer method then 
produced the material 

0.0–0.07 wt% 

Zhang et al., [23]  Graphene oxide 
nanosheets - 
Distilled water 

Provided by 
manufacturer 

0.0001–
0.0002 wt% 

Ahammed et al., 
[24] 

Graphene-water The two step method 0.05, 0.1 and 
0.15% 

Dhar et al., [25] Polydisperse 
Graphene- Distilled 
water 

Hummer method and 
then produced the 
material 

0.05–0.2 vol% 

 
Surfactant has various types including “Sodium dodecyl sulphate (SDS), Oleic acid, 

Hexadecyltrimethylammonium bromide (CTAB), Gum Arabic (GA), Sodium octanoate (SOCT), 
Polyvinylpyrrolidone (PVP), Dodecyl trimethylammonium bromide (DTAB), Hexadecyl-trimethyl-
ammonium bromide (HCTAB), and Triton X-100”. These types may assist to adjust hydrophobic 
materials to allow dispersion in an aqueous solution. Or else, it would result a sedimentation, clogging 
and aggregation and leads to decrease the features of nanofluid which include thermal conductivity, 
viscosity, and increasing particular heat [11, 28, 29]. 
 
4. Thermal Properties  
4.1 Experimental Results on Thermal Conductivity (𝒌) 
 

One of the most significant studies of nanofluids is conducted on 𝑘 due to its importance in the 
uses of heat transfer. Coolants have different base fluids with poor thermal conductivity, which needs 
considerable enhancement of its thermal properties. Carbon-based [30] particularly carbon 
nanotubes (CNT) nanofluids [31] were recognized to overtake all the metallic [32,33] and metal oxide 
[34] nanofluids innermost thermal conductivity. Though a theoretical thermal conductivity 
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of ~ 5000 Wm−1 K−1 is possessed by graphene [35] which is considered as more than the thermal 
conductivity of CNT [36].  

Furthermore, the actual state and physical construction of each material is the base of the 𝑘, 
which is one of the thermal important features of a material; it has an essential part in various design 
issues. Thus, lots of effort have been put into describing and measuring thermal conductivity in the 
past [28,29]. Measuring thermos physical properties was a difficult task for a very long time as various 
techniques and methods proposed diverse outcomes. Therefore, the method intended to be adapted 
would be chosen to decrease the error in the measurement as far as possible. Additionally, thermal 
conductivity measurement has various methods like thermal comparator method, steady-state 
parallel-plate method, cylindrical cell method, thermal constants analyzer techniques, transient hot-
wire techniques, and laser flash technique. 

 
4.2 The Influence Volume Concentration on the Thermal Conductivity 
 

Ethylene glycol and water have been commonly used as a base fluid in many studies in 
comparison with oil and various high-viscous fluids. Increasing in k was shown in both graphene 
[37,38] and grapheme oxide [9,39] with raising concentration which is so much alike the metal-oxide 
and metallic nanofluids [40,41]. In regards to explore chronological order, Yu et al., [39] in 2010, 
proposed that the GO is able to improve the thermal conductivity of DW, propyl glycol and fluid 
paraffin nanofluids by 30.2%, 62.3% and 76.8% respectively using 5.0 vol%. While Ahammed et al., 
[24] through his experimental research, have presented an improvement in the 𝑘 of 37.2% for 0.15% 
volume concentration of graphene at 50°C in comparison with the same of the water at similar 
temperature. 

 
 

 
Fig. 2. The augmentation of 𝑘 of graphene-water nanofluid via volume concentration 
[24] 
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Furthermore, something noteworthy from this research is that with the increase in temperature 
from 10-50°C, the percentage of the average k improvement with the increase in volume 
concentration from 0.05% to 0.15% is revealed to be 3.3% higher in comparison with that of the 
average improvement. Figure 2 illustrates the percentage improvement in differences of 𝑘 of 
graphene–water nanofluid as a purpose of volume concentration for a constant average temperature 
of 30°C. It can be noticed that the improvement percentage in 𝑘 of graphene water nanofluid has a 
direct proportion with increases with volume concentration. In other words, when the first increases 
the second increases too. 

 
4.3 The Influence of Grapheme Size on Thermal Conductivity  
 

It was reported that the nanoparticles’ size and shape are an important thing when it comes to 
the k of nanoparticles suspensions as they depend heavily on them [34] and [42]. Esfahani et al., [43] 
has reported that the thermal conductivity of graphene oxide nanofluids counts on two over, from 
Figure 3 it can be noticed that the increasing of the graphene oxide concentration leads to the 
increasing of the average particle size of GO nanofluids. A typical aggregate size increase from 600 
nm to 1200 nm is resulted by the increasing the volume concentration from 0.01 wt.% to 0.1 wt.%. 
Lately Park et al., [44] stated that the grapheme oxide with small average particle diameter is able to 
propose enhanced properties in comparison with other graphene nanofluids. Uniform sized 
graphene sheets’ synthesis of remains as a challenging domain facing the scientists. Any further 
studies that may lead to better improvement in this domain could present a helpful chance to 
understand more the influence of size regarding this matter. 
 
4.4 The Influence of Temperature on Thermal Conductivity 
 

Based on kinetic theory, an increase of the energy of the particles and the base liquid molecules 
occurs with temperature increasing. The energy increasing would be obtainable for transfer from a 
place to another because of the particles’ random motion. In 2003, Das et al., [45] discovered that 
temperature is related to the anomalous k improvement of nanofluids as it depends on it. An 
improvement occurs in the k in most metallic, metal oxide and CNT based nanofluids when 
temperature is increased [45,46]. Hajjar et al., [47] investigated the influence of GO nanofluid 
concentration and temperature on the 𝑘. The study results showed that for volume concentration 
0.25 wt%, the improvement ratio is up to 31.0 at 10°C and enhanced to 47.5 when the temperature 
is increased to 40°C. Hence, it can be said that an improvement ratios increase in the thermal 
conductivity by temperature increasing which matches the results of other researches [9,45].  
Another study was by Ahammed et al., [24] conducted to examine the influence of temperature on 
the 𝑘 of graphene-water nanofluids. These studies have come up with a result that an increase occurs 
to the 𝑘 of nanofluid when the temperature and volume concentration of the nanoparticles is 
increased. Furthermore, it has been observed that an improvement in the 𝑘 of 37.2% for 0.15% 
volume concentration of graphene in comparison with that of the pure water at 50°C temperature. 
Noteworthy that the mentioned studies [24,47], by applying the same condition, they have reached 
to almost the same results for thermal conductivity improvement 0.8 W/m.K (0.15 wt.% and 40°C) 
although different nanofluids were used (graphene oxide and graphene). 
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Fig. 3. Intensity based particle size distribution of graphene oxide (a) 0.01%, (b) 0.05%, (c) 0.1% and (d) 0.5%, 
(e) Z-typical size of all GO nanofluids at different volume concentrations [43] 

 
 
5. Graphene Nanofluids Viscosity 
 

Regarding the creating dynamic system for the uses of nanofluids’ heat transfer, viscosity plays 
an important role, in addition to the fact that both the resulting of pumping power and the pressure 
drop are counting heavily on viscosity [2]. Limited studies have mentioned the rheological behaviour 
and looked deeply at graphene nanofluids compared to the studies conducted on thermal 
conductivity of graphene nanofluids. A great number of the studies done on the viscosity of nanofluid 
reported that a decrease occurs in the apparent viscosity with the increasing of the temperature. 
However, to investigate the flow behaviour of the liquids, various standard models are used such as 
law model, power Bingham plastic model and Herschel–Bulkley model [48]. 
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Dhar et al., [49] carried out a study on the graphene nanosheets viscosity and a comparison was 
done between the results of the study and CNT. In addition, Alumina nanoparticles were examined 
experimentally and numerically on viscosity of graphene nanosheets with various volume 
concentration (0.01–0.50 vol%) and temperatures (25–70°C). The results have highlighted that there 
is a similarity between the viscosity of graphene nanofluid and Einstein’s formulation [49]. Park and 
Kim [44] examined the graphene M-5 and M-15 nanofluids viscosity at ambient temperature. The 
study showed that there is an increase in the rate of viscosity of the nanofluid graphene M-5 lower 
than the nanofluid graphene M-15. Furthermore, the graphene M-15 nanofluid had an increase of 
15.65% at 0.01 vol% occurred to the viscosity have been recorded. Moreover, a study was done by 
Akhavan- Zanjani et al., [50] to examine the viscosity of graphene–water nanofluid. The result 
showed that the viscosity’s maximum increment is about 4.90% that happens at 0.02% volume 
concentration and 25°C temperature. Nevertheless, Kazi et al., conducted a study on the viscosity of 
graphene oxide (GO) and graphene nanoplatelet (GNP) nanofluid [51]. At a low shear a tenfold 
increase in the viscosity was noticed in comparison to individual graphene oxide solution duo to the 
interaction appeared between participating colloids. 

Nevertheless, there are not many studies have been done to examine the direct relation between 
𝑘 and viscosity of graphene nanofluids. Due to the fact that viscosity plays a significant role in 
affecting the nanofluids stability and heat transfer characteristics of nanofluid, thus, more studies 
are needed to have a better sight of the viscosity of graphene nanofluids. 

 
6. Convective Heat Transfer Performance of Graphene Nanofluid 
 

Plotting Nusselt number (Nu) is usually used to present the convective heat transfer (ℎ) of 
nanofluids’ experimental outcomes as a function of Reynolds number (Re). The influence of pumping 
power was examined by Sadeghinezhad et al., [17] . The results showed that the GNP nanofluid had 
slight influence on the pumping power penalty. While Ghozatloo et al., [52] have studied the 
measurement of the h coefficients of graphene nanofluids based on water under laminar conditions 
in the entrance region, Besides, they study has discussed the influence of volume concentration and 
the temperature on h coefficients of graphene nanofluids. In comparison with pure water, the h 
coefficient of graphene nanofluids at 38°C enhanced up to 35.6% at a concentration of 0.1 wt%. 
Moreover, factor of 1.77 for the thermal performance was found by sadeghinezhad et al., [53]. The 
entropy generation analysis of nanofluids was investigated by both sadeghinezhad et al., [53] and 
Mehrali et al., [54], which is helpful for the heat exchangers to analyse the thermal design.  

A different approach of stability for ℎ coefficient was presented by Akhavan-Zanjani et al., [50]. 
The stability of the graphene–water nanofluids by UV–Vis spectroscopy was studied by them. 
Furthermore, they examined the graphene water nanofluid two times; the first was one week before 
the experiments and the other was one week after them and it was found that both are except a 
slight sedimentations, it was almost stable. Another study was conducted by Mehrali et al., [54] on 
the nanofluid stability by defining the deposition with centrifuge was examined. sadeghinezhad et 
al., [55] have done a study on the heat transfer characteristics of GNP in both numerical method and 
experimental method. Nanofluids were investigated by them with both numerical and experimental 
aspects, besides, after experimental test, sedimentation photograph capturing method was used to 
examine the stability of nanofluid.  

Experimental heat transfer caused turbulent and laminar flow for various forms of graphene 
nanofluids as illustrated in the studies that are featured in Table 2. Table 2 shows the types of 
nanofluid and testing parameters in addition to the heat transfer improvement ratio, which was used 
in the experiments.  
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Table 2 
Convective heat transfer of graphene nanofluid 
Author Nanofluids Geometry Augmentation 

Selvam et al., [56] Water-ethylene glycol 
mixture with graphene 
nanoplatelets. 

Double tube In the turbulent region the maximum 
augmentation of ℎ coefficient is 
detected to be 170% at 0.5 vol%. 

Selvam et al., [57] Graphene 
nanoplatelets (GNP) 

Automobile 
radiator 

The maximum augmentation of 
overall heat transfer coefficient is 
found to be 104% at 35°C. 

Ghozaloo et al.,[52] Graphene nanofluids Circular tube Augmentation in the local heat 
transfer coefficient up to 27.2%. 

Ghozaloo et al., [58] EG/Graphene 
nanofluids 

A copper pipe The ℎ coefficient increased up to 
42.4%. 

Sadeghinzhad et al., [55] GNP Straight stainless 
steel tube 

The ℎ coefficient increase by 13-
160%. 

Baby and Sundara [59] CuO/HEG Straight stainless 
steel tube 

Augmentation in ℎ coefficient is 81–
232%. 

Baby and Ramapeabhu 
[60] 

Ag/HEG Straight stainless 
steel tube 

Augmentation in ℎ coefficient is 105-
188%. 

Mehrali et al., [54] GNP Straight stainless 
steel tube 

Augmentation in ℎ coefficient up to 
15%. 

Hajjar et al., [47] Graphene dispersed 
nanofluids 

A brass tube The ℎ coefficient increases up to 
171%. 

Akhavan-Zanjani et al., [16] Graphene nanofluid Circular pipe Augmentation in the heat transfer 
coefficient at Re = 1850 is 14.2%. 

Yarmand et al., [61] Functionalized 
graphene nanoplatelets 
(f-GNP) nanofluids 

Square tube Maximum augmentation of overall 
heat transfer coefficient is 19.68% 
with 9.22% raise in friction factor. 

 
 
In general, it is not easy to detect a standard theory to foresee precisely ℎ characteristics of 

graphene nanofluids. Instead of using the two-phase mixture, many researches were done with the 
graphene nanofluids as single-phase fluid. Nevertheless, an important role should be played by the 
fluid and nanoparticle interaction and the motion between the fluids and the nanoparticle in 
influencing the ℎ performance of graphene nanofluids. 

 

7. Graphene Nanofluids through Tube Channel 
 

In the course of recent years, it was found that nanofluids have the ability to extraordinarily 
enhance the 𝑘, stability and heat transfer coefficient as well as to decrease the wasted power and 
the costs [52]. These benefits led to increasing tendency to the use of nanofluids in various form of 
heat exchangers, because of the improved consumption of energy. Akhavan-Zanjani et al., [16] have 
conducted a study to experimentally investigating the convective heat transfer coefficient of 
Graphene water nanofluid in a laminar flow through a circular tube with uniform wall heat flux [16], 
Maximum improvements are detected at 0.02% concentration. These improvements are 10.3% for 
thermal conductivity and 14.2% for heat transfer coefficient at Re of 1850. Furthermore, a circle tube 
with Nitrogen-doped graphene (NDG) nanofluids was used by Mehrali et al., [18] in order to examine 
the properties of thermophysical under laminar flow. The study results showed that, in comparison 
with the base liquid, the 𝑘 is improved for NDG nanofluids between 36.78% and 22.15%, and 7-50% 
increase in the heat transfer coefficient of the NDG nanofluids. 

The graphene nanofluids was used by Ghozatloo et al., [52], through the shell and tube heat 
exchanger under laminar flow. It was found that adding 0.075% of graphene to the base liquid helps 
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to enhance the 𝑘 up to 31.83% at saturation volume concentration of graphene as well as to improve 
the heat transfer coefficient that counts on the flow conditions. An experimental study was 
conducted by Sadeghinezhad et al., [17] to look at the thermal, performance of a sintered wick heat 
pipe using aqueous GNP nanofluids. The study concluded with a result that the maximum efficient 𝑘 
improvements for the heat pipe at a GNP volume concentration of 0.1 wt% and a tilt angle of 60° for 
heat input rates of 20, 40, 60 and 80W are 23.4, 29.8, 37.2 and 28.3%, respectively, in comparison 
with a horizontal position (𝜃 =  °0). However Yarmand et al., studied the same nanofluid [61] by a 
square pipe at a constant heat flux, and the results showed that the improvement percentage is a 
function of weight concentration of nanoparticles and temperature. In comparison with the data 
from the base fluid, highest enhancement of total heat transfer coefficient is 19.68% with 9.22% 
increase in friction factor for the weight concentration of 0.1% at a Re of 17,500. 

Zhou et al., [62] have conducted an experiment to investigate the performance of heat transfer 
of oscillating heat pipes (OHPs) with grapheme nanoplatelet GNP nanofluids. In the mentioned 
experiments, the filling ratios were 45%, 55%, 62%, 70%, and 90%. It was found that an enhancement 
occurs to the heat transfer performance of OHPs by using GNP nanofluids as a comparison was made 
between the working fluid and an OHP with deionized water (DI). At suitable filling ratios (55%, 62%, 
and 70%), the best range of GNP nanofluid concentrations was found to be 2.0 – 13.8 vol%. 

From the literature discussed above, it can be noticed that many studies have been done using 
different types of nanofluids in corrugated or facing step channels to analyses and investigate the 
effect of nanofluids inside the channel as working fluid. However, limited studies have been 
conducted to examine graphene nanofluids in such a channel, hence, further investigate on the 
graphene nanofluid may lead to understand more about its characteristic and influence on the heat 
transfer enhancement. 

 
8. Conclusion  
 

The literature survey shows that the graphene nanofluids have a significant effect on heat 
transfer and the thermal conductivity improvement. Regarding to the development of nanofluids, it 
is important to have a clear idea of the basics of heat transfer for a wide range of heat transfer 
application in order to be adapted in different uses of heat transfer. However, there are some 
improvements in investigating the heat transfer with graphene nanofluids. Nevertheless, it is 
required to conduct more experimental and theoretical studies of the particle movement to 
recognize the fluid flow behaviour and heat transfer of nanofluids. Moreover, in this review paper 
there are significant findings which are 

i. The experimental results showed that graphene nanofluid has a significant effect on the heat 
transfer and thermal conductivity enhancement. Besides, the parameters that affect the 
thermal conductivity such as viscosity, particle size, concentration, and temperature have 
been studied and showed a high influence on the thermal conductivity enhancement. 
Another significant finding is that in most studies indicated that higher increase occurs in the 
thermal conductivity that the one occurs in convective heat transfer coefficient. 

ii. There are some studies have been done on using graphene nanofluid in different shape of 
tube and all of them show a significant enhancement in heat transfer improvement. However, 
from the literature, it can be said that limited studies have investigated the effect of graphene 
nanofluid in facing step or corrugated channel. 

iii. Most of the studies on graphene nanofluid performed at ambient temperatures. More 
experiments on the characteristics of graphene nanofluid in high temperatures are required 
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to be done in order to have a better understanding of the behavior and heat transfer of 
graphene nanofluids and fill the gap in knowledge. 
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