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ABSTRACT 

The heat transfer of coolant advancement through radiators significantly influences the optimization of fuel 

consumption in automobiles. In order to cool the circulating fluid, which is typically water or a water-based mixture, forced 

convection heat transfer is employed in automotive radiators. This study experimentally assessed the heat-transfer 

performance of an automobile radiator by evaluating the thermal performance of a specially prepared nanofluid. The 

nanofluid was created using a two-step process, involving demineralized water enhanced with graphene (GPN) nanoparticles 

at concentrations of 0.1 and 0.5 vol. %, along with the addition of GPN to cetyltrimethylammonium bromide (CTAB) 

surfactant in a 1:0.5 ratio for extended stability at the same concentrations. The experiments varied the liquid-side Reynolds 

number from 10,000 to 27,000, keeping the radiator inlet liquid at a constant temperature of 60-80 ℃. This study thoroughly 

examined the impact of these variables on the overall heat-transfer coefficient. The experimental results show that the 

maximum increases in both thermal conductivity ratio and viscosity ratio were 32% and 144% without surfactant, and 33% 

and 165% with the addition of CTAB surfactant. The maximum average increases in the Nusselt number were 18.55% and 

26.49% for the GPN/water nanofluid, and 49.05% and 57.56% for the GPN-CTAB/water nanofluid, respectively. The highest 

performance evaluation criteria relative to the Reynolds number using the GPN/water nanofluid at concentrations of 0.1 and 

0.5 vol. % were recorded as 1.30 and 1.29, while for the GPN-CTAB/water nanofluid, the performance values were 1.14 and 

1.10. Furthermore, the findings confirm that incorporating nanoparticles and surfactants into the base fluid results in superior 

performance compared to using water alone. 
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1. INTRODUCTION 

A radiator is a condensed heat exchanger 

employed to dissipate surplus heat produced by internal 

combustion engines through the circulation of coolant. 

The engine cooling system uses a coolant to remove 

about 30% of the engine’s heat that would otherwise 

escape through the radiator into the atmosphere. As 

modern engines continue to grow in power, traditional 

coolants are no longer adequate for meeting the increased 

heat dissipation demands of cooling systems. There is an 

urgent need to develop more efficient heat transfer 

coolants. The advent of nanofluid technology offers 

novel approaches for enhancing heat transfer rates (Li et 

al. 2020; Ahmadi et al. 2020; Ruey et al. 2022; Kumar et 

al. 2023). 

The most frequently utilized radiator coolants 

are water and ethylene glycol, but their energy transfer 

abilities are constrained by their chemical composition 

and thermophysical properties. In recent decades, 

numerous studies have explored various methods to 

improve heat transfer rates, including microchannels, 

engineered surface texturing, twisted tape inserts, and 

diverse fin designs (Abderezzak and Randi, 2020; 

Sundari et al. 2021). Nevertheless, these conventional 

approaches for enhancing cooling rates have faced 

certain obstacles. Heat transfer plays a crucial role in 

many industrial applications (Hosain et al. 2019; Kumar 

et al. 2020; Kohne et al. 2021; Miao et al. 2023). 

Consequently, there is a need for innovative and 

advanced heat transfer fluids to boost the heat transfer 

rate in automotive radiators. 

Nanofluids have emerged as promising 

alternatives to traditional coolants in engine cooling 

systems (Fu et al. 2023). Nanoparticle suspended fluids 

display good thermal properties. Nanofluids are colloidal 

suspension mixtures of a base fluid with metallic or non-

metallic nano-sized particles typically having a size <100 

nm in at least one dimension. Uniformly suspended 

particles enable them to exhibit improved thermal 

properties, which can lead to more efficient heat transfer 

in the heat exchanger (Zakaria et al. 2022; Ferrão et al. 

2022). 

https://crossmark.crossref.org/dialog?doi=10.13074/jent.2025.06.2511363&domain=pdf&date_stamp=2025-06-30
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Present studies focus on clarifying the complex 

interactions between nanoparticle properties and their 

influence on nanofluid performance. This advanced 

knowledge enables the design of precisely engineered 

nanofluids, allowing customized thermal solutions to 

address specific challenges in thermal management and 

heat-transfer applications. Recent studies focus on many 

nanomaterials dispersed in base fluids (Bigdeli et al. 

2016). These nanomaterials fall under three separate 

classifications namely, metal oxides, metallic 

nanoparticles, and carbon-based compounds (Lawal et al. 

2023). Achieving desired results in thermal-fluid systems 

depends on the correct selection of nanofluids. The 

convective heat transfer properties of nanofluids made of 

aluminum oxide, copper, carbon nanotubes (CNTs), 

graphene, and copper oxide (Abdullatif et al. 2023) have 

been extensively researched on. Often, the volumetric 

concentration of nanoparticles in these fluids is under 5%. 

Ravi et al. (2020) undertook an experimental 

investigation of the stability and thermophysical 

characteristics of ethylene glycol (EG) based nanofluids. 

Their study showed that a nanofluid including multi-

walled carbon nanotubes (MWCNTs) in an 80:20 ratio of 

ethylene glycol to water reached a maximum thermal 

conductivity increase of 26%. Chandrasekaran et al. 

(2022) synthesized nanofluids by adding varying 

amounts of cerium oxide nanoparticles into a base fluid 

composed of water and EG in a 3:2 ratio.  The researchers 

discovered that an increase in flow velocity and volume 

concentration of the nanofluid correspondingly elevated 

the heat transfer rate.  Furthermore, their findings 

indicated that under specific conditions, the Nusselt 

number and heat transfer rate reached maximum of 13.39 

and 6.2%, respectively. 

(Arunkumar et al. 2019) examined the efficacy 

of car radiators utilizing a mixture of EG and water, 

together with nanoparticles of aluminum oxide, 

magnesium oxide, and titanium dioxide as cooling agents.  

They employed a ratio of 20:80 for ethylene glycol to 

water and dispersed the nanoparticles at two specific 

concentrations (0.12% and 0.4%).  Their findings 

demonstrated a direct correlation among three variables 

(air velocity, nanofluid velocity, and nanoparticle 

concentration) and the overall heat transfer coefficient. 

(Arshad and Ali, 2017) prepared a water-based 

nanofluid containing titanium dioxide (TiO2) for the 

thermal performance and pressure drop study inside a 

narrow channel heat sink. Their analysis discovered a 

negative relationship between heating power and 

pressure drop where the pressure drops increased as the 

heating power decreased. Interestingly, this effect was 

more prominent when using the TiO2 nanofluid instead 

of pure water.  

(Ijaz et al. 2020) developed a simulation-based 

study on the thermal properties of a graphene-doped nano 

coolant in a car radiator.  The work focused on a 

particular section of the radiator constructed using Solid-

Works software.  The CFD study ran ANSYS Fluent 

module.  The work looked at how graphene oxide 

nanoparticles mixed with water as a base fluid influenced 

the temperature decrease down the tube and the overall 

performance of the car radiator. 

(Nieh et al. 2014) prepared Al2O3 and TiO2 

nanoparticles distributed in EG-water that could increase 

the thermal performance of an air-cooled radiator system. 

To analyze heat transfer rate, pumping power, pressure 

drop, and efficiency factor, the researchers undertook 

experiments with various volumetric flow rates, 

temperatures, and volume fractions. Their findings 

revealed that both nano-coolants outperformed the EG-

water mixture in heat transfer capacity and efficiency, 

with the TiO2 based nano-coolant outperforming the 

Al2O3 based nano-coolant. The nano-coolants 

outperformed the EG-water mixture by 25.6% in heat 

transfer capacity, 6.1% in pressure drop, 2.5% in 

pumping power, and 27.2% in efficiency. However, very 

minimal increase in pressure drop and pumping power 

were observed. 

Several studies indicated that the thermal 

conductivity of the nanofluid increased with increasing 

temperature.   Based on lubricating oil, (Kole and Dey, 

2011) looked at how the thermal conductivity of a CuO 

nanofluid varied with fluid temperature.   Their work 

revealed that a nanofluid with a 2.5% volume percentage 

greatly enhanced thermal conductivity, by 10% at 30 °C 

and 12% at 80 °C, respectively.   (Jeong et al. 2016) 

investigated the viscosity of Zinc Oxide (ZnO) 

nanofluids comprising nanoparticles of diverse shapes, 

including spherical and almost rectangular particles, at 

various volumetric concentrations.   The viscosity 

increased significantly with particle concentration; for 

the roughly rectangular particles, it varied from 5.3% to 

68.6% and for the spherical ones, it was 5.9% to 59.0%, 

with concentrations ranging from 0.5 vol% to 5.0%. 

In the current study, graphene nanoplatelets 

(GNP) were selected for their exceptionally high in-plane 

thermal conductivity (≈ 3000–5000 W m K⁻¹) and their 

two-dimensional morphology, which allows the 

formation of a percolating thermal-conduction network 

at loadings below 0.1 wt %. At these ultralow 

concentrations water-based GNP nanofluids routinely 

deliver 12–28 % enhancements in thermal conductivity, 

that is more than double the gains reported for oxide 

(Al2O3, TiO2) or metal nanoparticles under identical 

conditions, which typically require order-of-magnitude 

higher loadings to achieve single-digit improvements. 

Also, cetyltrimethylammonium bromide (CTAB) was 

chosen as the dispersant because its cationic head group 

adsorbs strongly onto graphitic surfaces, creating an 

electrostatically charged bilayer that suppresses platelet 

restacking and Brownian aggregation. At its critical 

micelle concentration, CTAB maintains dispersion 
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stability up to 70 ℃ with performance that clearly 

surpasses anionic surfactants such as SDS or SDBS, 

which give lower zeta potentials and shorter stability 

windows. 

This paper outlines the experimental analysis of 

the convective heat transfer coefficient in forced 

convection for four different fluids, benchmarked against 

pure water. Graphene nanoplatelets nanofluids at various 

volume concentrations (0.1, and 0.5, vol. %), 

incorporating the CTAB surfactant (to enhance stability) 

were investigated. The influence of operational 

parameters on the heat transfer performance of a radiator 

using nanofluids was assessed. The GNP nanoparticles 

were chosen for their moderate thermal conductivity 

compared to metal oxides like Al2O3 and CuO2.  

The findings confirm that the hydrophobic 

characteristics of GPN nanoparticles boost the efficiency 

of the radiator's forced convection system. While 

conventional nanofluids often require higher 

concentrations (typically >1 vol.%) of metal or metal 

oxide nanoparticles to yield modest performance gains, 

GNPs can deliver comparable or superior enhancements 

at lower loadings, reducing issues such as increased 

viscosity, sedimentation, and energy penalty in pumping. 

 

Fig. 1: SEM image of GPN 

2. MATERIALS AND METHODS 

2.1 Preparation of GPN Nanofluid 

The nanofluid materials studied in this paper 

comprised of demineralized water and GPN 

nanoparticles (Table 1). Graphene nanoplatelets 

nanoparticles were purchased from Sigma-Aldrich 

company.  

The thermal performance of GPN-based 

nanofluids is highly dependent on the morphological 

characteristics of the nanoparticles, particularly their 

lateral size, thickness, and aspect ratio. These parameters 

directly impact the mechanisms of heat conduction, 

dispersion stability, and dynamic interactions within the 

base fluid.  The surface morphology and microstructures 

of GPN nanoparticles were studied with a scanning 

electron microscope (SEM, Nova Nano SEM; Fig. 1). 

 

Fig. 2: Flow chart of nanofluid preparation process  

Table 1. Thermophysical properties of DI and nanomaterial 

Property DI Graphene 

Particle Size (nm) - 50 

Density, kg/m3 997 2600 

Specific heat, J/kg K 4220 710 

Thermal conductivity, W/mK 0.606 5300 

 
Nanofluids were prepared using demineralized 

water with various volume fractions (0.1% and 0.5%) of 

GPN nanoparticles.  Volumetric concentration for the 

amount of GPN nanoparticles required was determined 

using Eq. (1).  

Volume concentration, φ = [

WParticle
ρParticle

WParticle
ρParticle

+
Wfluid
ρfluid

]  × 100             … (1)                   

A two-step process was employed to prepare 

GPN/demineralized water nanofluids with volume 

fractions (0.1% and 0.5%) of GPN nanoparticles 

combined with deionized water. A high-precision digital 

scale was utilized for weighing materials, with initial 

mass calculations based on the density of the 

nanoparticles. Following the addition of the 

nanoparticles to water, the mixture underwent magnetic 

stirring for approximately 60 min at 450 rpm. 

Subsequently, the suspensions were subjected to 

ultrasonic processing (500 W, 20 kHz) for approximately 

90 minutes. The ultrasonic processing ensured disruption 
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of particle aggregates, prevention of sedimentation,  

uniform particle distribution and suspension stability. 

The preparation process of the GPN/water nanofluids is 

illustrated in Fig 2. To ensure the uniformity and stability 

of the GPN nanofluid, cationic CTAB was employed as 

the surfactant in addition with nanoparticles in the ratio 

of 1:0.5 (GPN: CTAB) at 0.1 and 0.5 vol.% with the same 

concentration. Four different nanofluids were prepared 

and compared to the base fluid water. Minimal change 

was noticed in visual clarity, with no significant sediment 

formation even after 50–100 cycles. Stable zeta potential 

values (typically > +50 mV) were indicative of strong 

electrostatic stabilization. 

 

Fig. 3: Experimental setup 

2.2 Experimental setup and procedure 

Fig. 3 shows the experimental test rig that 

consisted of a plastic reservoir tank (50 cm high and 40 

cm wide), an electric heater with a power of 2000 W, 

eight K-type thermocouples for temperature 

measurement, a DC power supply (0-15 V), a fan, two 

valves, plastic tubes (diameter = 0.5 in), a flowmeter with 

a range of 0-500 LPH, a centrifugal pump with a 0.5 hp 

motor and a heat exchanger (automobile radiator). The 

electric heater was installed inside the plastic reservoir 

tank to heat up the coolant to the desired temperature. A 

voltage regulator was used to regulate the power supply 

to the heater to maintain the temperature in the radiator 

within the range of 60-80 ℃. Two valves and a 

flowmeter were employed to control and measure the 

flow rate of the coolant, respectively. The total volume 

of the circulating coolant was kept constant at 4 L 

throughout the experiment. To record the outlet and inlet 

temperatures of the coolant, two K-type thermocouples 

were connected to the flow line. Also, six K-type 

thermocouples were attached to the radiator surface to 

measure the surface temperature. The pressure drop at the 

inlet and outlet of the radiator was measured using a U-

tube mercury manometer. Before conducting the 

experiments, the temperature recorder, anemometer and 

thermocouples were calibrated to ensure accurate 

measurements. 

2.3 Error Analysis 

The measurement of uncertainty refers to the 

estimated interval in which the actual value of a 

measured quantity is anticipated to exist. It originates 

from several elements such as constraints of the 

measurement instrument, ambient circumstances, and 

human participation. Including uncertainty in 

measurement is necessary to evaluate the reliability and 

validity of outcomes.  The uncertainty is calculated using 

equation and accuracies of 0.75% (measured temperature) 

+1.5 ℃ and ±0.01% of full-scale flow rate +2.5% 

(measured value) was associated with the thermocouples 

and flow meter. 

∂𝑅 = √(
∂𝑅

∂𝑥1

𝑤1)2 + (
∂𝑅

∂𝑥2

𝑤2)2 + ⋯ + (
∂𝑅

∂𝑥𝑛

𝑤𝑛)2            … (2)     

2.4. Data reduction 

2.4.1 Estimation of heat transfer coefficient 

The coefficient of heat transfer and 

corresponding Nusselt number in the radiator were 

determined using following procedure. According to 

Newton’s cooling law (Pak et al. 1998), 

Q = hA∆T = hA(TB − Tw)               … (3),                                                                               

where,  

TB =
Tin+Tout

2
                  … (4)                                                                                                                 

Tw =
T1+T2+T3+T4+T5+T6+T7+T8

8
              … (5)                                                                                            

Rate of heat transfer was determined as 

follows: 

Q = mCp∆T = mCp(Tin − Tout)              … (6)                                                                                   

Estimation of Nusselt number by collecting 

Eqs. (6) and (7): 

Nu =
hexpt×dhyd

k
=

ṁCp(Tin−Tout)

A(TB−TW)
∗

dhyd

k
  … (7),                                                                             

Where, 

ṁ = ρ ∗ V̇               … (8)                                                                                                                         

Reynolds number (Re) was determined as: 

Re =
ρ∗dhyd∗u

μ
              … (9) 

Where, 

𝑢=V̇ 𝑛∗𝐴𝑐                                 … (10) 
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Fig. 4: Thermal conductivity ratio for different GPN 
combinations 

3. RESULTS AND DISCUSSION 

3.1 Thermo-Physical Properties  

Fig. 4 illustrates the enhancement ratio of 

thermal conductivity in nanofluids compared to water, 

plotted against temperature, both with and without the 

surfactant CTAB (kNf/kbf), where kNf represents the 

thermal conductivity of nanofluids and kbf denotes the 

thermal conductivity of pure water. An increase in 

thermal conductivity values with rising temperature and 

GPN concentration was noted. Specifically, the thermal 

conductivity enhancement ratio of nanofluids at               

0.1 vol. % GPN increased from 6.30 % to 24.09 % as the 

temperature increased from 30 ℃ to 70 ℃. These 

findings suggest that incorporating GPN into water 

suspensions significantly boosts thermal conductivities 

when CTAB surfactant is present. The measured thermal 

conductivity values of nanofluids containing GPN and 

GPN/CTAB increased with higher volume 

concentrations. The incorporation of CTAB, plays a 

crucial role in modifying the physicochemical properties 

of the GNP-based nanofluid. CTAB not only stabilizes 

the nanofluid but also optimizes its thermal and 

rheological behaviour, making it suitable for use in heat 

transfer and cooling systems. 

The experimental data revealed substantial 

increases in the conductivity ratio of the GPN/water 

nanofluid at 30 ℃, with increases of 6.3 % and 13.76 % 

at 0.1 vol. % and 0.5 vol. %, respectively. Nanofluids 

with a 1:0.5 ratio of GPN/CTAB showed even greater 

thermal conductivity enhancements, reaching 24.09 % at 

0.1 vol. % and 32.56 % at 0.5 vol. %. At a higher 

temperature of 70 ℃, the GPN/water nanofluid exhibited 

conductivity increases of 24.79% and 32.59% at 

concentrations of 0.1 and 0.5 vol. %, respectively. Under 

the same conditions, the CTAB GPN/water nanofluid 

demonstrated further increases of 27.48 % and 33.79 % 

for the same concentrations.  

The thermal conductivity showed improvement 

of the nanofluid as a function of temperature at two 

different GPN volume percentages with water, similarly 

with the surfactant graphene: CTAB added in a 1:0.5 

ratio. As shown, the thermal conductivity values of 

nanofluids with a (1:0.5) ratio were slightly higher than 

those with a (1:0.5) ratio at the same GPN concentration. 

This enhancement in thermal conductivity can be 

attributed to several mechanisms, including Brownian 

motion, nano-clustering, and ballistic phonon motion. It 

is confirmed that the addition of CTAB surfactant leads 

to increased thermal conductivity; however, the viscosity 

was also carefully evaluated when the surfactant was 

added, as it affects the pumping power, ensuring that the 

nanofluid with surfactant is suitable for heat transfer 

applications. 

Fig. 5 illustrates the viscosity ratio at elevated 

shear rates, calculated by dividing the viscosity of the 

GPN/water nanofluid by that of the base fluid at the same 

shear rates, across temperatures from 30 ℃ to 70 ℃ in 

increments of 10 ℃. Despite the strong temperature 

dependence observed in both nanofluids and base fluids, 

the viscosity ratio consistently exceeded for all tested 

nanofluid temperatures. 

 

Fig. 5: Viscosity ratio for different GPN combinations 

The experimental results reveal notable 

increases in the dynamic viscosity of the GPN/water 

nanofluid at 30 ℃, with increases of 44.09% and 70.42% 

at 0.1 vol. % and 0.5 vol. %, respectively. Nanofluids 

with a GPN/CTAB ratio of 1:0.5 showed even greater 

viscosity enhancements, reaching 57.70% at 0.1 vol. % 

and 82.02% at 0.5 vol. %. At a higher temperature of 

70 ℃, the GPN/water nanofluid exhibited viscosity 

increases of 118.63% and 144.79% at concentrations of 

0.1 and 0.5 vol. %, respectively. Under the same 

conditions, the CTAB GPN/water nanofluid 

demonstrated further increases of 121.28% and 165.84% 

for the same concentrations. An increase in viscosity 

caused by adding GPN nanoflakes at 0.1 and 0.5 vol. % 

to water, as well as GPN nanoflakes at the same 
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concentrations combined with CTAB in a 1:0.5 ratio was 

noted. As the nanofluid's temperature rises from 30 to 

70 ℃, the dynamic viscosity ratio of GPN/water 

nanofluids at 0.1 and 0.5 vol. % mirrors the increase seen 

in GPN-CTAB/water at identical concentrations. The rise 

in the dynamic viscosity ratio (μnf/μbf) with the 

nanofluid's temperature can be linked to the decrease in 

dynamic viscosity of the nanofluid with smaller particles 

compared to pure water. This study thoroughly explored 

how volume fraction affects the increase in nanofluid 

viscosity ratio, taking into account the geometry of the 

nanoflakes and the addition of CTAB surfactant to reduce 

agglomeration. The clustering of nanoparticles can result 

in increased viscosity. Ultimately, the viscosity of 

nanofluids is affected by several factors, including the 

type, size, and shape of the nanoparticles, surfactants, and 

the viscosities of the base fluids. 

3.2 Heat Transfer to Pure Water (Validation of 
Experimental Setup) 

In a controlled testing environment, multiple 

experimental runs were conducted, and the results were 

assessed against established empirical correlations to 

confirm the accuracy and dependability of the 

instruments. The experimentally determined Nusselt 

number and friction factor were rigorously compared 

with the standard correlations derived from the Dittus-

Boelter (1930) equation. The outcomes for the uniformly 

heated pipe under turbulent flow conditions remained 

within a permissible range. The standard correlations for 

the Nusselt number were obtained by the following 

equation (Tam and Ghajar, 2006),  

Nu = 0.023Re0.8 Pr0.4
             … (11) 

Fig. 6 illustrates the relationship between the 

Nusselt number and the Reynolds number, as derived 

from both experimental data and the Dittus-Boelter 

correlation for the test section. A detailed examination 

revealed that the experimentally evaluated values 

deviated by approximately 8.3% when compared to the 

theoretical values. 

The standard correlations for the friction factor 

were obtained by the following equation (Gnielinski 

1976), 

f = 0.316/Re0.25       … (12) 

Fig. 7 depicts the variation of friction factor and 

Reynolds number for the experimental values and 

estimated values for Blasius correlation are presented. It 

was noted that the evaluated experimental values lie with 

deviations of ±8.9% than the theoretical values. 

 

Fig. 6: Validation of experimental Nusselt number for plain 
tube under turbulent flow 

 

Fig. 7: Validation of experimental frictional power for plain 
tube under turbulent flow 

3.1 Heat Transfer Study 

Fig. 8 depicts the trends of the Nusselt number 

in relation to the Reynolds number for GPN/water 

nanofluids at 0.1 and 0.5 vol. %, as well as GPN-

CTAB/water nanofluids at 0.1 and 0.5 vol. %, utilized as 

working fluids in a radiator for a closed-loop forced 

convection system. It was observed that the Nusselt 

number increases with an increase in particle volume 

concentration and also with an increase in Reynolds 

number. The maximum average increases in the Nusselt 

number were 18.55% and 26.49% for GPN/water at 0.1 

and 0.5 vol. %, respectively. In contrast, the GPN-

CTAB/water nanofluid at 0.1 and 0.5 vol. % exhibited 

average Nusselt number increases of 49.05% and 57.56%, 

respectively, compared to water alone over the range of 

Reynolds numbers (Roy et al. 2024). 

The nanofluids enhanced the convective heat 

transfer rate due to augmented thermal conductivity and 
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ballistic phonon motion. The addition of CTAB 

significantly influenced heat transfer enhancement, as the 

suspension and surface charges of the nanoparticles 

within the fluid (specifically the stability of the GPN-

CTAB/water nanofluid) resulted in superior heat transfer 

performance compared to the GPN/water nanofluid 

(evidenced by a larger gap in the curve trend). This 

finding aligns with the previously discussed thermal 

conductivity ratio.  

 

Fig. 8: Heat transfer study of GPN combination 

Table 2. Summary of various GPN Nanofluid studies 

Ref Nanofluid Type 

Thermal 

Conductivity 

Ratio 

Max 

Nusselt 

Nu 

Arunkumar et al. 

(2019) 
Al2O3–water 1.08 110 

Jeong et al. (2013) ZnO–water 1.20 - 

Kole and Dey,   

(2011) 
Cuo- Gear oil 1.13 125 

Li et al. (2021) Hy MWCNTs - Water 1.12 110.85 

Present Study GPN - Water 1.33 155-207 

The convective heat transfer coefficient (h) is 

dependent on k/dt, where k represents thermal 

conductivity and dt denotes tube diameter. The 

convective heat transfer coefficient (h) increases with an 

increase in effective thermal conductivity k and 

decreases with an increase in tube diameter (Akshay et al. 

2024). The GPN and CTAB-GPN disrupt the thermal 

boundary layer of the fluid through the radiator tubes, 

leading to an enhancement in the heat transfer coefficient, 

and consequently, the Nusselt number. The heat transfer 

mechanism in GPN nanofluids is governed by:  

• Intrinsic high thermal conductivity of GPNs. 

• Percolation network formation enabling direct 

heat conduction paths. 

• Brownian motion-driven micro convection, 

contributing to dynamic energy transport. 

• Minimized agglomeration, preserving the 

nanoplatelets’ effective surface area. 

Comparative studies of different combinations of carbon 

based nanofluid in the heat transfer is summarised in the 

Table 2. 

3.4 Pressure Drop Study 

The relationship between the friction factor and 

the Reynolds number is clearly depicted in Fig. 9.  A 

thorough analysis indicates that utilizing GPN/water 

nanofluid at concentrations of 0.1 and 0.5 vol. %, along 

with GPN-CTAB/water nanofluid at identical 

concentrations in a radiator leads to a greater friction 

factor than when using only water. The friction factor 

escalates with an increase in volume concentration and 

declines as the Reynolds number rises. For the 

GPN/water nanofluid, the friction factor increases by 

approximately 26.50% and 37.18% for 0.1 and 0.5 vol. %, 

respectively.  

Conversely, the GPN-CTAB/water nanofluid 

exhibits a maximum increase of about 67.74 and 77.80 % 

for the same concentrations. The addition of a surfactant 

results in higher viscosity compared to using water alone, 

which slightly elevates the pumping power. This finding 

is consistent with the viscosity ratio. Furthermore, it was 

observed that the friction factor diminishes with an 

increase in the Reynolds number due to the enhanced 

momentum of the fluid. The interaction of particles with 

the wall region enhances convective heat transfer and 

simultaneously increases the pressure drop due to the 

higher viscosity compared to water. The variation in 

trends between GPN with and without surfactant is due 

to the improved stability of the nanofluid when a 

surfactant is added (Ijaz et al. 2020). 

 

Fig. 9: Pressure drop study of GPN combination 
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3.5 Performance Evaluation Criteria (PEC) 

The impact of GPN/water and GPN-

CTAB/water on enhancing heat transfer (linked to an 

increase in pressure drop) was assessed using a metric 

known as the thermal performance evaluation criteria 

(PEC). This metric incorporates the Nusselt number and 

friction factor to evaluate heat-transfer improvement and 

pressure-drop characteristics, respectively. This index is 

utilized to determine the radiator efficiency of the 

graphene-based nanofluid. The thermal performance 

factor is defined as the ratio of the Nusselt number ratio 

to the friction factor ratio when pumping powers are 

equal, as shown in equation 13 

  PEC =  

Nu

Nup

(
f

fpt
)

0.33                                       … (13) 

Fig 10 depicted the variations in performance 

evaluation criteria relative to the Reynolds number using 

GPN/water nanofluid at concentrations of 0.1 and 0.5 

vol. %, as well as GPN-CTAB/water nanofluid at the 

same concentrations. It was noted that the performance 

evaluation criteria exceeded unity, and the graph 

highlighted the combined impact of heat transfer and 

flow resistance within the radiator. The highest 

performance evaluation values were recorded as 1.30 and 

1.29 for the GPN-CTAB/water nanofluid and GPN/ 

water nanofluid at 0.5 vol. %, respectively. In contrast, at 

0.1 vol. %, the performance values were 1.14 and 1.10. It 

was deduced that a higher Reynolds number provided a 

favorable swirl flow intensity, thereby enhancing the 

thermal performance factor in the presence of the 

surfactant in the GPN nanofluid. Furthermore, the 

findings confirm that incorporation of nanoparticles and 

surfactants into the base fluid yields better performance 

than using water alone.  

 

Fig. 10: PEC of GPN combination 

 

4. CONCLUSION 

This study investigated the formulation, 

stability, and thermophysical behaviour of GPN 

nanofluids, focusing on thermal conductivity, viscosity, 

and heat-transfer performance. Nanofluids with 0.1 and 

0.5 vol.% concentrations were prepared using a two-step 

method and evaluated across 30–70 ℃. The results 

showed that thermal conductivity increased with 

concentration, reaching enhancements of 24.79% and 

32.59% for GPN/water and 27.48% and 33.79% for 

CTAB-GPN/water at 70 ℃. Viscosity ratios (μ_nf/μ_bf) 

also rose with temperature and concentration, with 

GPN/water showing increases of 118.63% and 144.79% 

and CTAB-GPN/water showing 121.28% and 165.84% 

at 70 ℃. Heat-transfer analysis revealed that the Nusselt 

number increased with Reynolds number, achieving 

maximum enhancements of 18.55% and 26.49% for 

GPN/water and 49.05% and 57.56% for CTAB-

GPN/water. The friction factor similarly increased, by 

26.50% and 37.18% for GPN/water and by 67.74% and 

77.80% for CTAB-GPN/water. Overall, the performance 

evaluation criterion demonstrated strong heat-transfer 

performance, with values of 1.30 and 1.29 for GPN/water 

and 1.14 and 1.10 for CTAB-GPN/water at 0.1 and 0.5 

vol.%, respectively. 
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