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This study investigates the convection performance of graphene nanoplatelets (GnP) 
in water-based nanofluid for microtube automotive radiators, with a focus on the 
impact of GnP concentration, nanoparticle size, and temperature on the 
thermophysical properties and heat transfer behavior. The results indicate that 
increasing GnP concentration raises the density but reduces the specific heat capacity 
of the nanofluid. Thermal conductivity improves with both higher GnP concentration 
and temperature, outperforming the basefluid by 667%. Conversely, viscosity 
increases with increasing GnP concentration but decreases with rising temperature. 
Using ANSYS Fluent, the study simulates the thermal performance of the microtube 
radiator and finds that at Reynolds numbers below 100, the average Nusselt number 
improves with both GnP concentration and Reynolds number, by as much as 1063%. 
However, above a Reynolds number of 100, the thermal performance deteriorates due 
to viscous dissipation. The study further reveals that reducing the inlet temperature 
increases the Nusselt number at high Reynolds numbers, while at low Reynolds 
numbers, both basefluid and GnP-water nanofluid show an enhancement in heat 
transfer. A decrease in nanoparticle thickness also enhances the Nusselt number when 
viscous dissipation is significant. The results suggest that the basefluid is more effective 
at high Reynolds numbers in a microtube automotive radiator, whereas the GnP-water 
nanofluid is better suited for low Reynolds number flows. 
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1. Introduction 
 

The escalating global demand for energy resources has emerged as a critical challenge [1], 
particularly in the transportation sector, which heavily relies on gasoline- and diesel-fueled vehicles 
for rural and urban mobility [2]. As reported by World Energy Council, the transportation sector 
accounts for over 60% of global oil consumption, approximately fifty-one million barrels per day [3]. 
Projections from the U.S. Energy Information Administration indicate that this figure will rise to 
nearly seventy million barrels per day by 2040 [4]. Furthermore, the automotive sector contributes 
approximately 20% of global greenhouse gas emissions [5], making it a significant source of air 
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pollution [2]. These environmental and energy concerns have intensified efforts to develop advanced 
technologies for higher-efficiency vehicles. Improving fuel economy has become a key objective for 
automotive manufacturers, necessitating the design of engines with enhanced thermal and energy 
efficiency [1, 6]. However, limitations such as engine overheating hinder optimal engine 
performance, underscoring the critical importance of effective thermal management systems. 
Enhancing the convective heat transfer performance of automotive radiators is a vital step toward 
addressing these limitations and improving overall engine efficiency in modern vehicles [7].  

One of the primary constraints on radiator performance lies in the low thermal conductivity of 
conventional coolants, which restricts their ability to dissipate heat effectively. To address this issue, 
innovative approaches have been developed, including the use of engineered colloidal fluids known 
as nanofluids [7, 8]. These fluids consist of nanoparticles, typically less than 100 nm in diameter, 
suspended within a traditional coolant base. Nanofluids exhibit enhanced heat transfer properties 
due to their high specific surface area, which significantly improves thermal exchange efficiency [9-
13]. Additionally, the nanoscale size of the particles prevents clogging in macro- and milli-sized 
channels, making them particularly suitable for integration into automotive cooling systems [14]. As 
such, nanofluids represent a promising avenue for enhancing the thermal performance of radiators 
and addressing the increasing demand for energy-efficient and environmentally sustainable 
automotive technologies. 

The high thermal conductivity of metallic particles has prompted extensive research into the 
utilization of metal-based nanoparticles to enhance heat transfer performance in automotive 
radiators [15, 16]. However, carbon-based nanoparticles, such as graphene—comprising a single 
layer of pure carbon—possess significantly higher thermal conductivities compared to metal 
nanoparticles [17, 18]. This superior property has positioned graphene-based nanoparticles as a 
promising alternative for further improving the cooling efficiency of automotive radiators. Notably, 
most studies to date have focused on the suspension of graphene nanoplatelets (GnP) in ethylene 
glycol (EG)/water mixtures as the basefluid for automotive cooling systems [10, 19-21]. The 
suspension of GnP in EG/water basefluid has been shown to enhance the radiator's heat transfer rate 
by 68% [19] and improve the convective heat transfer coefficient by 58% [10], as reported in 
experimental studies. A similar result was observed for a hybrid nanofluid comprising GnP and 
cellulose nanocrystals, which resulted in a 51.9% increase in the convective heat transfer coefficient 
of automotive radiator cooling systems [20]. Additionally, Ponangi et al. [21] examined the effects of 
carboxyl graphene and graphene oxide suspended in EG/water. Their study revealed an increase in 
the radiator's Nusselt number by up to 11 times, highlighting the potential of these nanofluids as 
highly effective coolants for automotive radiators. Research on the convective performance of water-
based GnP nanofluids in radiators for enhancing automotive engine cooling is limited. Toh et al. [22] 
conducted a comprehensive numerical study to examine the convective performance of GnP 
suspensions in water within millimeter-sized automotive radiators. Their findings revealed a 
substantial enhancement in the Nusselt number, with an increase of up to 1816%, when the aspect 
ratios of the particles and tube were reduced [22]. Furthermore, the study identified a hydraulic 
diameter threshold near 1 mm, below which GnP-water nanofluid negatively impacted the radiator's 
thermal performance, suggesting the need for further investigation into this phenomenon [22]. 

The detrimental effect of nanoparticles on heat transfer performance, attributed to the existence 
of a tube aspect ratio threshold within the micrometer range, has also been reported by Ting et al. 
[23]. The presence of the threshold aspect ratio is attributed to the balance between two opposing 
mechanisms. A reduction in the aspect ratio increases viscous dissipation, which degrades the heat 
transfer coefficient. In contrast, an increase in nanoparticle concentration enhances the effective 
thermal conductivity of the nanofluid, thereby improving convective heat transfer. When the aspect 
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ratio falls below the threshold, the adverse impact of increased viscous dissipation surpasses the 
beneficial effect of enhanced thermal conductivity. This results in a negative effect of nanoparticles 
on heat transfer performance in microchannels [23]. Fani et al. [24] analyzed Brownian motion and 
viscous dissipation in microchannel heat sinks with CuO-water nanofluid. Thermal performance 
improved with higher inlet temperatures and CuO loadings due to increased Brownian motion. 
However, viscous dissipation reduced the average Nusselt number by up to 4.3%. Nimmagadda et al. 
[25] analyzed heat transfer performance in microchannels utilizing hybrid nanofluids under laminar 
flow conditions. The study demonstrated that the convective heat transfer coefficient increased with 
both Reynolds number and nanoparticle loading, achieving an enhancement of 148.62% when 
compared to the base fluid. Akhai et al. [26] investigated the use of CuO nanofluid as a cooling 
medium in rectangular microchannel radiators for vehicles, reporting a 40% enhancement in thermal 
conductivity and a 116% improvement in the heat transfer coefficient compared to water. These 
findings highlight the potential of CuO nanofluid as an effective alternative to conventional cooling 
fluids in automotive radiator applications. While nanofluids demonstrate considerable promise in 
enhancing heat transfer performance in microscale devices, their efficiency is significantly influenced 
by factors such as nanoparticle concentration, Reynolds number, and channel geometry [23-25]. 
However, viscous dissipation, particularly at elevated Reynolds numbers and nanoparticle 
concentrations, has been observed to reduce heat transfer performance performance [23, 24]. 
Further research is necessary to evaluate the thermal performance of microtube radiators 
incorporating nanofluids and to develop optimization strategies for improving their thermal 
efficiency. 

Recent literature on graphene-based nanofluid flow in automotive radiators primarily utilizes 
mixtures of water and ethylene glycol (EG) as base fluids, typically within macro- or milli-scale 
channels [19-21, 27]. Despite extensive research into the heat transfer characteristics of nanofluids, 
the convective performance of Graphene-Nanoplatelet (GnP) fluids within microtube-based 
automotive radiators remains insufficiently understood. Due to the increased viscous dissipation 
caused by the reduction in radiator diameter to the microscale and the presence of nanoparticle 
suspension, the thermal performance of microtube radiators with nanofluid flow can differ 
significantly. Ajuka et al. [28] investigated the entropy generation characteristics of GnP nanofluid in 
micro- and mini-channels for automotive cooling applications. Their findings indicated that increasing 
the GnP volume fraction in the base fluid reduced the entropy generation ratio, highlighting the 
beneficial impact of the nanofluid's enhanced thermal properties from the second law of 
thermodynamics. However, from the perspective of the first law of thermodynamics, no numerical 
studies explicitly examine the convective performance of water-based GnP nanofluids in microtube 
radiators for automotive cooling. Current literature, such as the work by Toh et al. [22], indicates a 
performance threshold where heat transfer enhancement in millimeter-sized radiators transitions to 
potential deterioration as hydraulic diameters drop below 1 mm. The underlying physics of this 
microscale behavior, specifically the impact of viscous dissipation coupled with varying nanoparticle 
concentrations and sizes, remains an unaddressed gap. This study aims to fill this void by providing a 
systematic numerical investigation into the heat transfer potential and fluid dynamics of GnP 
nanofluids in compact, microscale radiator systems. The effects of key parameters, including 
Reynolds number, inlet temperature, nanoparticle thickness, and tube diameter, on the heat transfer 
performance of the microtube radiator are systematically analyzed. Additionally, temperature 
contours of the nanofluid flow are analyzed to deepen the understanding of the physical mechanisms 
underlying performance enhancement in microtube automotive radiators utilizing graphene-based 
nanoparticles suspended in water. 
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2. Methodology  
 

A typical automotive radiator is composed of numerous tubes paired with plate fins, enabling 
cooling through heat transfer between the coolant fluid and surrounding air. In this study, ANSYS 
Fluent is employed to simulate the heat transfer performance of a radiator tube at the micrometer 
scale using GnP suspension. Figure 1 provides a cross-sectional view of the microtube radiator setup 
in ANSYS, where a quarter of the microtube cross-section is modeled, applying a symmetry boundary 
condition to reduce mesh size. The hydraulic diameter of the microtube is D = 200 μm and the tube 
length is L = 21.85 mm. 

 

 
Fig. 1. Geometry and meshing layout for a radiator microtube 

 
The GnP-based nanofluid within the radiator tube is assumed to exhibit incompressible flow 

under laminar conditions, with negligible radiation heat transfer effects. Graphene nanoplatelets 
were selected for this investigation due to their planar structure, which offers superior thermal 
conductivity and a higher surface-area-to-volume ratio compared to traditional metal-oxide 
nanoparticles. Furthermore, this study builds upon our previous findings [22], which highlighted a 
transition in convective performance as radiator scales move from the millimeter to the micrometer 
range. By utilizing the same GnP suspension, this work provides a direct comparative analysis to 
determine if the microscale performance degradation observed in earlier studies persists under 
varying concentrations and viscous dissipation effects. Due to the low nanoparticle concentration, a 
single-phase fluid approach is adopted, allowing the nanofluid to behave similarly to basefluid [22]. 
Based on these assumptions, the governing equations for continuity, momentum, and energy are 
solved in ANSYS Fluent within a 3-dimensional flow field. The continuity equation is expressed as [29] 
 

       (1) 
 
The momentum equation can be written as [29] 
 

       (2) 
 
The energy equation can be defined as [29] 
 

       (3) 
 
where P represents pressure, T is temperature and  represents the viscous dissipation function. 

( ) 0VÑ× =

2( )   V V P Vr µÑ× = -Ñ + Ñ

2( )   pC V T k Tr µÑ× = Ñ + F
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2.1 Thermophysical Properties Correlations 
 
In this study, the thermophysical properties of GnP-based nanofluids are estimated using a 

mathematical approach. The density, specific heat capacity, thermal conductivity, and viscosity of 
the nanofluids are determined under the assumption that nanoparticles are uniformly dispersed in 
the basefluid at a constant concentration [30]. Using a volume-averaging method, the density of the 
nanofluid is calculated as [31] 

 
       (4) 

 
The specific heat capacity can be calculated as [32] 
 

       (5) 

 
where ρ is density, Cp represents specific heat capacity, ɸ is defined as volumetric concentration, 
subscript “bf” represents basefluid, subscript “nf” indicates nanofluid and subscript “p” represents 
nanoparticle. These two equations are commonly used to determine the density and the specific heat 
capacity of nanofluids [33, 34]. The viscosity of GnP-based nanofluid can be expressed as [22] 
 

       (6) 
 

       (7) 
 
where µ is dynamic viscosity, Cµ is viscosity coefficient of GnP-based nanofluid and 

 is intrinsic viscosity and  
is axis ratio. As reported by Toh et al. [22], the current viscosity correlation aligns well with existing 
literature [35-37], with error margins ranging from 0.00778% to 5.57%. The thermal conductivity of 
GnP-based nanofluids is determined using Nan’s model [38] 
 

       (8) 
 

       (9) 

 
where Ck is constant coefficient of thermal conductivity for GnP-based nanofluid and k represents 
thermal conductivity.  and  are geometrical factors which can be defined by 
 

       (10) 
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 represents the nanoparticle aspect ratio which can be expressed as 

       (12) 

 
where tp is particle thickness and Dp represents particle diameter.  and  can be expressed as 
 

       (13) 

       (14) 

 
In  Eq. (13) and Eq. (14), and  represent the equivalent thermal conductivities along the x-axis 
and z-axis and can be defined as 
 

       (15) 

 

       (16) 

  
where kpar is particle thermal conductivity in parallel to surface and kper is particle thermal 
conductivity in perpendicular to surface.  is a dimensionless parameter which is expressed as 
 

       (17) 

 
where  represents Kapitza radius which can be defined as 
 

       (18) 
 
Based on Eq. (18),  represents interfacial thermal resistance which can be written as 
 

       (19) 

 
with ti as the thickness of interfacial boundary layer and ki represents thermal conductivity of 
interfacial boundary layer. The current thermal conductivity model predicts the thermal conductivity 
of GnP-based nanofluids with a satisfactory accuracy, demonstrating a percentage error of 2.29% 
[22]. 
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2.2 Boundary Conditions 
 
ANSYS Fluent is employed to analyze the thermal performance of GnP-based nanofluid in a 

radiator microtube. The simulation is conducted using double precision, a second-order upwind 
scheme, an energy model, and viscous heating, with all results computed to a convergence criterion 
of 10˗6. The velocity components, temperature, and pressure are solved within the tube's internal 
computational domain. For data post-processing, the wall temperature, wall heat flux, and bulk mean 
temperature are recorded for the calculations of heat transfer coefficient and Nusselt number. As 
illustrated in Figure 2, uniform axial inlet velocity and pressure outlet boundary conditions are applied 
to approximate the actual flow pattern [6], while the convective heat transfer coefficient and wall 
temperature for the tube are set to ho = 50 W/m2K and To = 303 K, representing conditions equivalent 
to an automotive vehicle moving at a speed of 72 km/h [39]. To optimize meshing, a symmetry 
boundary condition is implemented as illustrated in Figure 1 and Figure 2, and a no-slip boundary 
condition is applied at the wall. This investigation is conducted in the laminar flow regime, with 
Reynolds number determined by the inlet velocity. Temperature-dependent thermophysical 
properties of the GnP-based nanofluid, as defined by Eq. (4) to Eq. (19), are input into ANSYS Fluent. 
 

 
Fig.2. Boundary conditions of the microtube radiator 

 
In the micrometer-sized tube, the nanofluid can be treated as a continuum by evaluating the 

Knudsen number [40], defined as the ratio of the nanofluid molecule mean free path to the geometry 
diameter, Kn = λnf / D [41]. According to Gad-el-Hak [41], the continuum approach is valid when the 
Knudsen number is below 0.1. Table 1 presents the Knudsen numbers from existing numerical studies 
on micrometer-sized geometries with carbon-based nanofluids. As shown in Table 1, when Kn ≤ 0.01, 
the continuum assumption and no-slip boundary condition are commonly applied [42-47]. Therefore, 
the governing equations of Eq. (1) to Eq. (3) are appropriate for numerical analysis in micrometer-
sized tubes with nanoparticle suspensions when Kn ≤ 0.01. This study explores various parameters in 
microtube radiators with GnP suspensions, including volumetric concentration, Reynolds number, 
inlet temperature, particle thickness, and tube diameter. 
 

Table 1 
Knudsen number of the various numerical studies in micrometer-sized geometry 

Nanoparticles Dp tp D Kn Slip Condition Reference 
GnP 2 µm - 200 µm 0.01 No slip condition [45] 
GnP 2 µm - 200 µm 0.01 No slip condition [46] 
GnP 2 µm - 200 µm 0.01 No slip condition [42] 
MWCNT 25 nm 1, 3, 5 nm 42.68 µm 0.00058 No slip condition [47] 
SWCNT 2 nm 3 µm 200 µm 0.015 No slip condition [44] 
SWCNT 15 nm 30 µm 450 µm 0.067 No slip condition [43] 
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2.3 Data Reduction 
 
In the present study, Reynolds number of GnP-based nanofluid is defined as 
 

       (20) 

where D represents diameter of the tube. The local heat transfer coefficient, hl along the 
circumference of the tube can be calculated from 
 

       (21) 

By averaging local heat transfer coefficient over the perimeter of the tube, the average local heat 
transfer coefficient is defined as  where n represents number of points. The average 

local Nusselt number,  along the tube length can be defined as 
 

       (22) 

 

The average heat transfer coefficient,  and average Nusselt number,  over the entire tube length 
can be written, respectively, as 
 

       (23) 

 

       (24) 

 
where L represents tube length. The percentage enhancement of the average Nusselt number,  
can be defined as 
 

       (25) 

 
2.4 Validation 

 
The validation of the present study is conducted by comparing the average local heat transfer 

coefficient,  along the tube length with the results of Vajjha et al. [6], using a coolant mixture of 
40% water and 60% ethylene glycol at Re = 2000, as shown in Figure 3. The results demonstrate good 
agreement between the two studies, with a maximum error of 4.64%. These findings provide strong 
validation for the accuracy of the modeling approach used in this study. 
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Fig.3. Comparison of the local heat transfer coefficient of present study with Vajjha et al. [6] 

 
3. Result and Discussion  
3.1 Thermophysical Properties of Nanofluid 

 
The thermophysical properties of a GnP-based nanofluid, with water as the basefluid, were 

determined to assess the thermal performance of a microtube radiator. The GnP nanoparticles are 
characterized by tp = 2nm and Dp = 2 µm. The thermophysical properties were calculated using Eq. 
(4) to Eq. (19). Table 2 presents the thermophysical properties of the GnP nanoparticles, while the 
thermophysical properties of water were obtained from Bergman et al. [48]. 
 

Table 2 
Thermophysical properties of GnP nanoparticles 

Property Thermophysical properties for GnP nanoparticles Reference 
 2200 kg/m3 [17] 
 643 J/kgK [49] 

 3000 W/mK [17] 
 6 W/mK [17] 

 
Figure 4 illustrates the density of the GnP-water nanofluid with tp = 2nm and Dp = 2 µm. The 

density of the GnP-water nanofluid increases as ɸ rises, attributed to the higher density of GnP 
nanoparticles relative to the basefluid. Besides, the density of the nanofluid reduces with the 
reduction of the temperature due to the reduction of the density of basefluid at higher temperature. 
The density of GnP-water nanofluid with ɸ = 1.0% increases marginally by 1.24% at 333 K compared 
to the basefluid. 
 

r

pC
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Fig.4. Density of GnP-water nanofluid with respect to temperature for various ɸ   

 
Figure 5 presents the specific heat capacity of the GnP-water nanofluid with the variations of ɸ. 

The specific heat capacity of the GnP-water nanofluid decreases with increasing GnP concentration, 
due to the lower specific heat capacity of GnP nanoparticles compared to the basefluid. Furthermore, 
the specific heat capacity of the GnP-water nanofluid varies with temperature, reflecting the 
properties of the basefluid. At 333 K, the specific heat capacity of GnP-water nanofluid with ɸ = 1.0% 
is reduced by 1.87% relative to the basefluid. However, the reduction in specific heat capacity 
remains minimal with the increases of GnP nanoparticle loading. 
 

 
Fig.5. Specific heat capacity of GnP-water nanofluid with respect to temperature for various ɸ   

 
According to Nan et al. [38], the enhancement in thermal conductivity of GnP-water nanofluid is 

significantly influenced by interfacial thermal resistance. In this study, a perfect interface assumption 
is applied, with a Kapitza radius set to zero [38, 50]. Figure 6 shows the thermal conductivity of GnP-
water nanofluid for various ɸ. The thermal conductivity of the nanofluid varies with ɸ and 
temperature, increasing with higher ɸ and elevated temperatures due to factors such as Brownian 
motion, nanoparticle clustering, liquid layering, and micro-convection effects [10, 27, 51, 52]. The 
high thermal conductivity of GnP nanoparticles, compared to the basefluid, further contributes to 
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this enhancement. At 333 K, the thermal conductivity of ɸ = 1.0% GnP-water nanofluid improves by 
667.16% relative to the basefluid, i.e. the thermal conductivity increased from 0.65 W/m·K for pure 
water to 4.99 W/m·K for the nanofluid. Additionally, when compared to GnP-water nanofluid with tp 
= 10 nm and Dp = 2 µm at 333 K [22], the thermal conductivity for ɸ = 1.0% GnP-water nanofluid with 
tp = 2 nm and Dp = 2 µm is 192.75% higher. This thermal conductivity enhancement has the potential 
to optimize the radiator’s thermal performance, with higher thermal conductivity further improving 
overall efficiency [35]. 
 

 
Fig.6. Thermal conductivity of GnP-water nanofluid with respect to temperature for various ɸ   

 
Figure 7 presents the viscosity of the GnP-water nanofluid with different ɸ. The viscosity of the 

GnP-water nanofluid varies with particle size, as described by Eq. (6) and Eq. (7). It increases with 
higher ɸ and decreases as temperature rises, attributed to reduced intermolecular interactions at 
elevated temperatures, which results in lower viscosity [35]. At 333 K, the viscosity of the GnP-water 
nanofluid with ɸ = 1.0% is 774.34% greater than that of the basefluid. Based on Figure 7, the viscosity 
for GnP-water nanofluid with tp = 2 nm and Dp = 2 µm is 333.91% higher than that of the nanofluid 
with tp = 10 nm and Dp = 2 µm [22]. This elevated viscosity could intensify viscous dissipation effects 
within a microtube radiator. Unless otherwise specified, all thermal performance assessments for the 
microtube radiator radiator are based on the properties depicted in Figure 4 to Figure 7. 
 

 
Fig.7. Viscosity of GnP-water nanofluid with respect to temperature for various ɸ   
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3.2 Grid Independence Study 
 
Grid independence studies were performed to identify the optimal mesh size for the current 

investigation. ANSYS Fluent Meshing was employed to generate the mesh, producing six distinct 
mesh sizes for the determination of 𝑁𝑢#### for both basefluid and GnP-water nanofluid in a microtube 
radiator, with Re = 100 and Ti = 333 K. The specific mesh sizes are shown in Table 3. 

 
Table 3 
Mesh sizes for grid independence study 

Grid Nodes Elements 
Mesh 1 17 063 14 250 
Mesh 2 49 196 43 000 
Mesh 3 106 002 95 200 
Mesh 4 193 930 177 300 
Mesh 5 332 804 308 550 
Mesh 6 507 780 475 150 

 
Figure 6 shows the 𝑁𝑢#### of the six meshes for ɸ = 0% and ɸ = 0.5%. It is notable that the 𝑁𝑢#### for all 

mesh configurations are similar for both fluids. As shown in Figure 8, the lowest percentage 
difference in the results for the basefluid occurs between mesh 5 and mesh 6, at 0.73%. In contrast, 
the lowest percentage difference for the GnP-water nanofluid is observed between mesh 3 and mesh 
4, at 0.98%. Since grid independence for the basefluid is achieved with mesh 5, simulations for the 
microtube radiator were conducted using this mesh. The meshing layout for mesh 5 is depicted in 
Figure 1, with a symmetry boundary condition applied to reduce mesh size and computational time. 

 

 
Fig.8. Average Nusselt number of various mesh size for ɸ = 0% and ɸ = 0.5%   

 
3.3 Effect of Reynolds Number  
 

The study on the influence of Reynolds number in a microtube radiator using GnP-water 
nanofluid was conducted with various Re values with Ti = 333 K. Figure 9 displays the temperature 
contours for both basefluid and GnP-water nanofluid within the microtube radiator. In the basefluid 
case, as shown in Figure 9(a), the temperature profile decreases along the channel. Conversely, for 
the GnP-water nanofluid, illustrated in Figure 9(b) to Figure 9(d), the temperature profile increases 
along the channel, which can be attributed to the effect of viscous dissipation. This phenomenon 
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occurs when frictional heat generated by fluid-wall interactions raises the fluid’s temperature [53], 
causing heating instead of cooling in the microtube radiator when GnP-water nanofluid is used as the 
coolant. Under viscous dissipation, the fluid temperature exceeds that of the wall, resulting in a 
negative wall heat flux and a subsequent decline in heat transfer performance. Comparing Figure 
9(b) and Figure 9(c), the GnP-water nanofluid with lower concentrations shows a smaller streamwise 
temperature gradient along the channel compared to higher-concentration GnP-water nanofluid. 
The reduced Tw - Tb leads to a smaller heat transfer coefficient, as indicated in Eq. (21). Tw - Tb 
increases with the increase of ɸ, which possibly leads to higher heat transfer coefficient, as 
demonstrated in Figure 9 and Eq. (21). In microtube radiator, the viscous dissipation effect intensifies 
with the increase of ɸ. 

 

  

 

(a) ɸ = 0% (b) ɸ = 0.3% 

  

(c) ɸ = 0.5% (d) ɸ = 1.0%  

Fig.9. Temperature contour of GnP nanofluid with (a) ɸ = 0%, (b) ɸ = 0.3%, (c) ɸ = 0.5% and (d) ɸ = 1.0%   
 

Figure 10 illustrates the average Nusselt number 𝑁𝑢#### over the entire tube length for various Re 
and ɸ in a microtube radiator. When Re≤100, 𝑁𝑢#### increases with both higher GnP suspension 
concentrations and Re, consistent with the behavior observed in millimeter-sized radiators as 
reported by Toh et al. [22]. Hung [54] also noted that nanofluid heat transfer performance improves 
with increasing nanoparticle concentration. As shown in Table 4, the enhancement of 𝑁𝑢#### of the 
present study for ɸ = 1.0% GnP-water nanofluid with Re = 1 and Re = 100 are 572.92% and 1063.27% 
respectively. Shi et al. [55] similarly found that heat transfer performance in microchannels improves 
with increasing Re and nanoparticle concentration. 

 
Table 4 
The enhancement of 𝑁𝑢#### 

Reynolds 
Number 

Nusselt Number Percentage of 
Enhancement Base Fluid GnP-water nanofluid with ɸ = 1.0% 

1 5.36 30.69 573% 
100 5.51 58.59 1063% 
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Fig.10. Variation of 𝑵𝒖#### with Re for different ɸ   

 
Based on Figure 10, GnP-water nanofluid with Re>100 exhibits reduced thermal performance due 

to viscous dissipation effects, which become increasingly significant at high Re, leading to thermal 
performance deterioration [53]. Viscous dissipation refers to the conversion of mechanical energy 
into thermal energy as a result of internal fluid friction during flow. In microtube geometries, the 
effect becomes more pronounced due to the relatively large velocity gradients near the tube walls. 
As the Reynolds number increases, the shear stresses within the fluid intensify, generating additional 
heat inside the fluid domain. This internally generated heat reduces the effective temperature 
difference between the heated wall and the flowing fluid, which weakens the convective heat 
transfer and leads to a reduction in overall thermal performance. Among the GnP-water nanofluid 
concentrations studied, the ɸ = 0.3% suspension shows the lowest 𝑁𝑢#### at higher Re = 1000 compared 
to ɸ = 0.5% and ɸ = 1.0% suspensions. This result aligns with Figure 9, where the ɸ = 0.3% nanofluid 
exhibits a smaller streamwise temperature difference along the channel under viscous dissipation 
than the ɸ = 0.5% suspension, resulting in a reduced 𝑁𝑢####. Under the effect of viscous dissipation, with 
increased ɸ, the effect of viscous dissipation intensifies, raising the streamwise temperature 
difference along the channel and thereby increasing 𝑁𝑢####. In microtube radiators, the ɸ = 1.0% GnP-
water nanofluid at Re = 1000 demonstrates the strongest viscous dissipation effect. The nanofluid 
shows improved thermal performance in microchannels at low Re but experiences performance 
degradation at high Re due to this dissipation effect [56]. Conversely, the basefluid is unaffected by 
viscous dissipation at high Re, owing to its lower viscosity and thermophysical properties. Its heat 
transfer performance improves as Re increases, with an 84.66% enhancement in 𝑁𝑢#### as Re rises from 
1 to 1000. Therefore, the basefluid demonstrates superior thermal performance in microtube 
radiators at high Reynolds numbers compared to GnP-water nanofluid, due to the minimal impact of 
viscous dissipation in the basefluid flow. 

 
3.4 Effect of Inlet Temperature 
 

Figure 11 presents the variations 𝑁𝑢#### with Ti in a microtube radiator using GnP-water nanofluid 
with Re = 10 and Re = 1000. The 𝑁𝑢#### for the basefluid at Re = 1000 increases as the inlet temperature 
decreases. Under the influence of viscous dissipation, GnP-water nanofluid at Re = 1000 exhibits a 
higher 𝑁𝑢#### as the inlet temperature decreases, attributed to the increased viscosity at lower 
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temperatures, as shown in Figure 7. According to Eq. (20), both Re and inlet velocity are significantly 
affected by viscosity; under constant Re, inlet velocity increases as viscosity rises [22]. Higher ɸ 
amplify the viscous dissipation effect. Accordingly, the 𝑁𝑢#### for GnP-water nanofluid with ɸ = 1.0% is 
87.24% greater than that for ɸ = 0.3% at 318 K. The thermal performance of the nanofluid in 
microtube deteriorates due to viscous dissipation effects [54]. For ɸ = 0.5% GnP-water nanofluid at 
318 K and 333 K, 𝑁𝑢#### are -1.80 and -8.13, respectively, reflecting a performance decrease of up to 
351.33%. This suggests that, at high Re, the effect of increased viscosity outweighs thermal 
conductivity benefits. For example, despite its higher thermal conductivity, the basefluid at Ti = 333 
K exhibits a 50.46% lower 𝑁𝑢#### than Ti = 318 K, underscoring the dominant influence of viscosity over 
thermal conductivity in microtube radiators at high Re. Thus, the basefluid proves more effective at 
high Re and low inlet temperatures in microtube radiators, as the viscous dissipation effect in GnP-
water nanofluid adversely impacts its thermal performance in these conditions. 

 

 
  and Reɸ for different  iTwith  𝑵𝒖####Variation of  Fig.11. 

 
As shown in Figure 11, at Re = 10, the effects of inlet temperature on the thermal performance 

variation of GnP-water nanofluid in a microtube radiator is minimal. The result shows a slight 
reduction of 𝑁𝑢#### with the increase of Ti, concurring with that reported by Toh et al. [22]. When inlet 
temperature rises from 318 K to 333 K, Nusselt number decreases by 1.73% for GnP-water nanofluid 
with ɸ = 1.0%. The effects of Ti in microtube radiator is more significant at high-Re flow as compared 
to low-Re flow. GnP-water nanofluid demonstrates an increase in the Nusselt number with greater 
GnP nanoparticle suspension at Re = 10. The enhancement of 𝑁𝑢#### is 682.86% for GnP-water nanofluid 
with ɸ = 1.0% and Ti = 318 K as compared to the basefluid. This improvement can be attributed to 
the increased thermal conductivity resulting from the GnP suspension [27]. When the effect of 
viscous dissipation is insignificant at low-Re flow, GnP-water nanofluid shows a better thermal 
performance of the microtube radiator as compared to basefluid. 

 
3.5 Effect of Nanoparticles Thickness 
 

The effects of GnP nanoparticles thickness, tp on the performance of microtube radiators were 
evaluated at Dp = 2 μm and Tin = 318 K. The ideal interface assumption is applied to the thermal 
conductivity, and all thermophysical properties of nanofluids with the various tp are computed using 
Eq. (4) and Eq. (19). Figure 12 presents 𝑁𝑢#### with varying tp at Re = 10 and Re = 1000. It is observed 
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that the basefluid is unaffected by changes in tp. However, GnP-water nanofluid demonstrates a 
decline in heat transfer performance at Re = 1000, as shown in Figure 12(a). Under conditions of 
viscous dissipation, the GnP-water nanofluid exhibits higher Nusselt numbers with decreasing tp and 
increasing ɸ. When tp = 1nm, the 𝑁𝑢#### for ɸ = 0.3% and ɸ = 1.0% GnP-water nanofluid are -0.69 and -
0.097, respectively. The increase of the 𝑁𝑢#### for ɸ = 1.0% Gnp-water nanofluid with tp decreased from 
4 nm to 1 nm is 96.89%. This enhancement is attributed to the significant increase in viscosity of the 
GnP-water nanofluid with decreasing tp, which augments the viscous dissipation effect. The increase 
of the viscosity for ɸ = 1.0% GnP-water nanofluid with tp reduced from 4 nm to 1 nm is 413.93% at 
the temperature of 318 K. Despite this, the improvement in thermal conductivity is minimal due to 
the dominant viscous dissipation effect at high-Re flow. At high-Re flow, the basefluid exhibits 
superior heat transfer performance compared to the GnP-water nanofluid, with the suspension of 
GnP nanoparticles diminishing the thermal performance of the microtube radiator. 

 

 
at (a) Re = 1000 and (b) Re = 10ɸ for different  ptwith  𝑵𝒖####Variation of  Fig.12. 

 
As shown in Figure 12(b), the heat transfer performance improves with decreasing tp and 

increasing ɸ at Re = 10. The ɸ = 1.0% GnP-water nanofluid achieved a peak Nusselt number of 65.52 
at tp = 1 nm. The enhancement in Nusselt number for GnP-water nanofluids with 0.3 vol.% and 1.0 
vol.% concentration, as the particle thickness decreased from 4 nm to 1 nm, was 106.86% and 
201.85%, respectively, which aligns with findings for millimeter-sized radiators [22]. At low Reynolds 
numbers, GnP-water nanofluid demonstrated superior heat transfer performance over the basefluid. 
Studies by Sadaghiani et al. [57] and Anoop et al. [58] also indicate that heat transfer performance 
increases with smaller nanoparticle size, attributed to enhanced thermal conductivity and viscosity 
as particle thickness decreases. Increased inlet velocity can further enhance this heat transfer 
performance. Decreasing particle thickness increases the contact area between particles and fluid, 
thereby enhancing heat transfer [59]. Moreover, intensified Brownian motion effects further 
contribute to this improvement [60]. 
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3.6 Effect of Tube Diameter 
 

The influence of tube diameter, D on GnP-water nanofluid in microtube radiators was 
investigated at L = 21.85 mm and Tin = 318 K. Figure 13 presents the average Nusselt number over 
the tube length, demonstrating how different tube diameters affect heat transfer performance in the 
microtube radiator at Re = 1000. The basefluid shows a decrease in Nusselt number as tube diameter 
increases. As tube diameter increases, the cross-sectional area expands, reducing the inlet velocity 
(for a constant Reynolds number) and subsequently diminishing heat transfer performance [61]. For 
the basefluid, increasing the tube diameter from 200 μm to 350 μm results in a 33.60% decrease in 
the Nusselt number. For GnP-water nanofluid, heat transfer performance also declines due to the 
viscous dissipation effect. The Nusselt number decreases with both increasing tube diameter and 
decreasing GnP concentration. Specifically, the reduction in Nusselt number for GnP-water 
nanofluids with 0.3 vol.% and 1.0 vol.% concentration when the tube diameter increases from 250 
μm to 300 μm is 170.84% and 76.68%, respectively. Increasing the GnP concentration from 0.5 vol.% 
to 1.0 vol.% enhances the Nusselt number by 75.87% at D = 350 μm. When D = 300 μm, 0.3 vol.% 
GnP-water nanofluid exhibits the lowest Nusselt number due to the lowest of Tw - Tb, as shown by 
Eq. (21). 

 

 
Fig.13. Variation of 𝑵𝒖#### with D for different ɸ at Re = 1000   

 
Figure 14 displays temperature contours for 0.3 vol.% and 1.0 vol.% GnP-water nanofluids in 

microtube radiators with different tube diameters at Re = 1000. The temperature profile within the 
channel increases due to viscous dissipation, which involves the irreversible conversion of kinetic 
energy into thermal energy through fluid friction. In microtubes, this effect is intensified by steep 
near-wall velocity gradients. At higher Reynolds numbers, increased shear stresses act as a 
volumetric heat source, elevating the bulk fluid temperature. This reduces the thermal gradient 
between the wall and the fluid, thereby suppressing the convective heat transfer driving force and 
deteriorating overall performance. Figure 14(b) and Figure 14(d) illustrate a reduced temperature 
gradient along the channel as tube diameter increases, in contrast to Figure 14(a) and Figure 14(c). 
Figure 14(a) and Figure (b) illustrate the bulk temperature Tb approaching the wall temperature Tw. 
According to Hung [54], this occurs when the fluid’s heat transfer is offset by the heat generated from 
viscous dissipation, bringing Tb and Tw closer together. This reduces the heat transfer between the 
wall and the fluid, which can result in the Nusselt number approaching infinity [54]. Therefore, as 
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illustrated in Figure 13, the GnP-water nanofluid with a 0.3 vol.% concentration exhibits the lowest 
Nusselt number at D = 300 μm when the fluid’s heat transfer is balanced by the heat generated from 
viscous dissipation. As the GnP concentration increases, the streamwise temperature gradient also 
increases, as observed in Figure 14(a) and Figure 14(c). This leads to a higher Nusselt number for the 
1.0 vol.% GnP-water nanofluid compared to the 0.3 vol.% suspension, as depicted in Figure 13. As 
particle thickness decreases and GnP concentration increases, the viscous dissipation effect 
intensifies, further diminishing the thermal performance of the microtube radiators. Overall, 
basefluid demonstrates better heat transfer in smaller tube diameters under high-Re flow compared 
to GnP-water nanofluid. 

 

  

 

(a) D = 250 µm, ɸ = 0.3% (b) D = 300 µm, ɸ = 0.3% 

  
(c) D = 250 µm, ɸ = 1.0% (d) D = 300 µm, ɸ = 1.0% 

Fig.14. Temperature contour of GnP nanofluid with Re = 1000   
 
Figure 15 illustrates the average heat transfer coefficient over the entire tube length,	ℎ# for various 

tube diameters, D in a microtube radiator at Re = 10. The GnP-water nanofluid demonstrates better 
thermal performance compared to the basefluid. The heat transfer coefficient decreases with 
increasing tube diameter and decreasing GnP concentration. The heat transfer coefficient for both 
the basefluid and the 1.0 vol.% GnP-water nanofluid increases by 42.10% and 42.90%, respectively, 
as the tube diameter decreases from 350 μm to 200 μm. This behavior is similar to that observed in 
millimeter-sized radiators [22]. At low-Re flow, GnP-water nanofluid enhances the thermal 
performance of the microtube radiator, as the viscous dissipation effect is negligible and does not 
degrade heat transfer performance [54]. At D = 350 μm, the heat transfer coefficient for 0.3 vol.% 
and 1.0 vol.% GnP-water nanofluids increases by 214.24% and 705.61%, respectively, relative to the 
basefluid. The effect of GnP concentration outweighs that of tube diameter, primarily due to the 
superior enhancement in thermal conductivity. 
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Fig.15. Variation of 𝒉' with D for different ɸ at Re = 10   

 
Despite the promising results obtained in this study, several limitations should be acknowledged. 

First, the present work is based solely on numerical simulations using ANSYS Fluent, and experimental 
validation has not yet been conducted. Therefore, future studies should include experimental 
investigations to verify the predicted heat transfer enhancement. Second, the long-term stability of 
graphene nanoplatelet nanofluids may present practical challenges in real applications, including 
potential nanoparticle agglomeration and sedimentation during extended operation. These factors 
may influence the thermal performance and reliability of nanofluid-based cooling systems. Future 
research should therefore investigate nanoparticle dispersion stability and evaluate the performance 
of GnP nanofluids under realistic operating conditions in automotive radiator systems. 
 
4. Conclusions 
 

This study presents a comprehensive analysis of the convection performance of microtube 
automotive radiators using GnP-water nanofluids. The temperature-dependent thermophysical 
properties of GnP-water nanofluids, including density, specific heat capacity, and viscosity, were 
evaluated to assess the impact of nanoparticles suspension on the heat transfer performance of the 
radiator. Increasing the GnP concentration leads to an increase in the density of the nanofluid, while 
the specific heat capacity decreases. However, the thermal conductivity of the GnP-water nanofluid 
increased significantly, up to 667.16% compared to the basefluid. The viscosity of the nanofluid 
decreased with increasing temperature but increased with increasing particle concentration, 
reaching up to 774.34% higher than that of the base fluid. In the microtube radiator, the heat transfer 
performance improved with increasing GnP concentration and Reynolds number when Re≤100. 
However, at Re>100, the performance deteriorated due to the viscous dissipation effect, which 
becomes more pronounced as the GnP loading increases. In these conditions, the basefluid showed 
better thermal performance. At Re = 1000, decreasing inlet temperature increases the Nusselt 
number for GnP-water nanofluids. At Re = 10, both GnP concentration and decreasing inlet 
temperature enhance the Nusselt number, though the temperature's effect is smaller than GnP 
concentration. The study also examined the impact of nanoparticle thickness and tube diameter on 
the radiator's performance. It was found that decreasing the nanoparticle thickness and increasing 
the GnP concentration enhanced the heat transfer. On the other hand, at Re = 1000, Nusselt number 
decreases with increasing tube diameter and decreasing GnP loading, due to the viscous dissipation 



Semarak Engineering Journal 
Volume 13, Issue 1 (2026) 121-143 

 
140 

effect. The basefluid performs better as tube diameter decreases. However, at Re = 10, both the GnP-
water nanofluid and the basefluid show improved heat transfer with reduced tube diameter and 
increased GnP concentration. Overall, the GnP-water nanofluid demonstrated superior thermal 
performance compared to the basefluid at low-Re flow in microtube radiators. However, at high-Re 
flow, the viscous dissipation effect diminished the advantages of the nanofluid. The basefluid proved 
more effective at high-Re flow. These findings highlight the potential of GnP-water nanofluids in 
improving the thermal performance of microtube automotive radiators, particularly in applications 
with low flow rates, contributing to more efficient radiators and better fuel efficiency. Despite the 
promising findings, further research is recommended to extend the present study. Experimental 
investigations are required to validate the numerical results and to confirm the predicted heat 
transfer enhancement in practical radiator systems. In addition, future studies should focus on 
optimizing the nanoparticle concentration to achieve an optimal balance between thermal 
performance improvement and viscosity-related penalties. The stability and long-term operational 
behavior of GnP–water nanofluids should also be examined, as nanoparticle agglomeration and 
sedimentation may affect their performance and reliability in real automotive cooling systems. 
Addressing these aspects will help facilitate the practical implementation of GnP-based nanofluids in 
advanced microtube radiator applications. 
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