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Abstract
The thermal performance analysis of a radiator was tested with three dif-

ferent types of nanoparticles: cylindrical (CNT)-platelet (graphene), spherical 
(SiC), and a hybrid fluid based on spherical (SiC) and cylindrical (CNT) compo-
sition. The experimental conditions included a coolant flowrate (CFR) of 7.1 L/
min, an air velocity of 12.8 m/s, and a volume fraction of 1.6% hybrid nanofluid 
(HNF). An improvement in the exergy-energy performance of radiators was ob-
served when coolants made of HNFs were used. Researchers found that when 
tested with different CFR and air velocities, spherical (SiC)-platelet (graphene) 
HNFs performed better than cylindrical (CNT)-platelet (graphene) hybrids. The 
irreversibility, second law efficiency, and energy change are all affected by the 
shape of the particles, and this effect becomes more pronounced as the air ve-
locity and volume percentage of the HNF increase. The spherical (SiC)-platelet 
(graphene) HNF outperforms its cylindrical (CNT)-platelet (graphene) coun-
terpart in terms of performance index (PI), exergy changes in coolant efficiency 
(3.9%), and second law efficiency (1.44%). According to the findings, the shape 
of the nanoparticles significantly affects how well a car radiator works. The spher-
ical (SiC)-platelet (graphene) HNF outperforms other shapes when it comes to 
thermal performance, making it an excellent radiator coolant.
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heat transfer

Introduction
A radiator is used by the vehicle’s engine to dissipate any surplus heat. Avoid-

ing component failure due to overheating is the primary goal of the research, 
which is why radiator performance is also closely monitored [1]. The term “Nano-
fluid” describes a mixture of metals or metal oxides with a size smaller than 100 
nm that is added to a regular fluid [2]. Even at low immersion concentrations, the 
net thermal conductivity is improved due to the large surface area that emerges 
from nanoparticles’ diminutive size [3, 4]. Still, the radiator is a heat exchanger 
that releases the energy stored in the engine’s coolant onto the surrounding air. 
For radiator performance, there are some known traditional research, wavy fin 
structures allow for better energy transfer than flat fin structures because of their 
increased surface area and the fact that they can reconstruct a thin boundary layer 
all the way through the passage; researchers have also looked at the performance 
of louvred H-type wavy fin structures [5, 6]. 

https://doi.org/10.17756/nwj.2023-s3-121
mailto:g.indira_eee@psvpec.in
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


S667NanoWorld Journal | Volume 9 Supplement 3, 2023

Enhancing Radiator Efficiency with Hybrid Nanofluids: A Comparative Study of 
SiC-Graphene and CNT-Graphene Compositions Alkkhayat et al.

Methodology
Mathematical modeling

Table 1 lists geometrical configurations assessed using 
laboratory instruments. Radiators that use water as their main 
fluid and incorporate various shaped nanoparticles, such as 
spherical (SiC)-platelet (graphene), spherical (SiC)-CNT, 
and CNT-platelet (graphene), have had their performance 
evaluated. Under the following assumptions, the exergy and 
energy assessments were conducted on a radiator operating in 
a steady-state, steady-flow condition:

•	 There is no way for the radiator to generate or dissipate 
heat.

•	 Air is used to absorb the heat that is generated by the 
coolant.

•	 The property is determined at the mean temperature and 
is independent of temperature variations.

•	 Ignoring wall resistance.

Airside analysis

According to authors [18], the wavy fin’s Colburn factor 
(CF) equals
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According to [19], rate of airside heat capacity is:

* * *a a a fr aC V A cpρ= 			          (8)

Coolant-side performance

The specific heat capacity and density of a fluid were 
dependent on nanoparticle concentration in volume. The 
individual attributes of the particles are reported in table 2, 

The author found that using a combination of nanofluid 
with a wavy structure and regular fluid increases heat trans-
mission by around 100% [7, 8]. Thermophysical characteristics 
of the chosen nanoparticles and the working base fluid deter-
mine the thermohydraulic performance [9]. When it comes 
to heat exchanger performance, factors such as coolant type, 
nanoparticle shape, size, and concentration are crucial [10]. 
According to research by authors [11], which examined how 
various forms affected heat exchanger performance, shape is a 
key factor in determining performance. In addition, research-
ers conducted research on a wavy fin and tube radiator using 
water as a base fluid and various nanoparticle shapes. The re-
sults showed that spherical and cylindrical nanoparticles were 
the best options for the coolant medium.

In addition, authors [12] showed that, while studying 
the form effect on shell and tube heat exchangers, the most 
thermo-economic improvement was observed in nanofluids 
with a brick shape, followed by those with a blade, cylindrical, 
or platelet shape. Nevertheless, authors [13] showed that the 
shape is a major factor affecting the heat exchanger’s perfor-
mance. In a similar way, authors [14] examined the perfor-
mance of five distinct nanoparticle shapes on heat exchanger 
with respect to heat transmission and rate of entropy forma-
tion. They found that the cylindrical shape performed the best. 
There is an abundance of literature on energy performance, 
but a dearth of literature on exergy analysis. Researchers [15] 
examined the nanofluid flow of silica water composition in 
conventional, mini channel, and micro-channel systems and 
found that addition of nanoparticles to water increases entropy 
generation in those channels.

In contrast, authors [16] observed that, while studying the 
energy and exergy of fluid flow in the heat exchanger with 
walls, viscous irreversibility is more prominent at the duct’s 
core, whereas thermal entropy generation was more respon-
sible for irreversibility near the walls. Nevertheless, authors 
[17] demonstrated an increase in heat transfer after investi-
gating the energy analysis with nanofluid. While references 
detailed heat transfer analyses across heat exchangers, only a 
small number of research found that nanoparticle shape and 
concentration affected thermal performance.

The major emphasis of this research is the impact of 
HNF compositions on the performance of wavy fin and 
tube radiators. These compositions principally consist of cy-
lindrical (CNT)-platelet (graphene), spherical (SiC)-plate-
let (graphene), and spherical (SiC)-CNT nanoparticles. The 
effect of various HNFs based on particle shape on the effi-
ciency of car radiators is the focus of this research. Radiators 
of various shapes, including spherical, cylindrical, and hybrid 
platelet forms, have also been subjected to exergy and energy 
assessments. Research and comparisons have been conducted 
on a number of performance metrics, including heat transfer 
rate, efficacy, and PI. CFR, volume fraction of HNF, and am-
bient air velocity are the characteristics that have been studied 
in the exergy study, which includes irreversibility, second law 
efficiency, entropy generation, and exergy change. In addition, 
the morphological examinations of the various HNFs based 
on nanoparticles are encompassed in the present analysis.
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The viscosities of HNFs with nanoparticles of varying shapes 
are also provided by [23]:

( )2
1 1 2.5nf bfµ µ φ φ= + + 			        (15)

( )2
2 1 13.5 904.4nf bfµ µ α α= + + 		       (16)

(nanoparticle-2 of cylindrical shape)

( )2
2 1 37.1 612.6nf bfµ µ α α= + + 		       (17)

(nanoparticle-2 of platelet shape)

Various nanoparticle forms were used to assess the nano-
fluid’s viscosity and thermal conductivity. The HNFs effective 
dynamic viscosity with a concentration of 1 for nanoparticle-1 
and 2 for nanoparticle-2, as well as a total concentration, may 
be determined by using the interpolation approach.

( )1 1 2 2hnf nf nfµ µ α µ α α= + 			        (18)

Similarly, the HNFs thermal conductivity was found for 
nanoparticles with different shapes by utilizing the interpola-
tion method.

( )1 1 2 2hnf nf nfk k kα α α= + 			        (19)

Performance analysis

The coolant-side heat capacity was given by:
f f f fC V cpρ= 					         (20)

The pressure drop of coolant is defined as

( )2
,MV  x  x 2 x  x 4f f f c f h fp f H Dρ ∆ =   	     (21)

When the friction factor has been determined using ap-
propriate correlations [24]; The entire heat transfer coefficient 
is now stated as.
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Those have been determined to have an effective surface tem-
perature by
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This is the expression for the effectiveness of crossflow un-
mixed fluid: 
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The overall rate of heat transport is calculated by:

( )min , ,f in a inQ C T Tε= − 			        (25)

The power required to pump coolant is:

*P f fP V P= ∆ 					          (26)

though, therefore effective specific heat and density using mix-
ture model [20] are provided as:

( )1 1 2 2 1 21hnf bfρ ρ α ρ α α α ρ= + + − − 		         (9)
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In addition to the volume concentration of particles, their 
form (cylindrical, platelet, or blade) affects fluid flow proper-
ties such as dynamic viscosity and thermal conductivity. This 
study considers nanoparticles in two forms: volume concen-
tration and shape. Nanofluids with identical nanoparticles of 
any shape can have their thermal conductivity determined us-
ing Maxwell-Garnett model [21].
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Where 𝑛 = 3/Ψ, form factor (n) and sphericity (Ψ), which is 
calculated as the proportion at equal volumes of the real par-
ticle surface area to the surface area of a sphere. Ψ = 0.55, 𝑛 = 
6.0 for nanoparticles with a platelet shape; Ψ = 0.7.244, 𝑛 = 4 
for nanoparticles with a cylindrical shape [22].

Accordingly, authors provide thermal conductivity for 
nanoparticles with a cylindrical, platelet, or spherical shape.
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(nanoparticle-of spherical shape)
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Table 1: Design dimension of a wavy fin radiator.

Description Coolant side Air side
Fin thickness - 0.15

Fin pitch - 3.7
Outside diameter 10.12 -

Longitudinal pitch - 19.6
Tube thickness 0.21 -

Core height (H) - 410
Transverse pitch - 24.8
Core depth (D) - 84

Tube Length (L) 460 -
Fin area - 0.84

Free flow area/frontal area 0.129 0.78
Tube arrangement Staggered -

Table 2: Thermophysical characteristics of nanoparticles and water [25].
Properties Unit CNT Water SiC Graphene

Shape Cylindrical - Spherical Platelet
ρ kg/m3 2100 997.1 3970 2200

β 1/K 0.00002 0.00021 5.80E-06 -0.000008

k W/m.K 3007.4 0.613 40 5000

cp J/kg.K 410 4179 765 790
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The airside pressure drop is:
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The power of the fan has since been determined by:

* *f fr a fP A u P η= ∆ 				         (28)

A definition of the PI is now possible with:

PI
P F

Q
P P

=
+

					          (29)

The exergy and entropy of fin radiator was assessed ac-
cording to performance of heat exchanger criteria require-
ments. The radiator entropy was understood by comparing 
the compressibility of the pneumatic medium with that of the 
incompressible fluid medium that flows across the radiator, the 
coolant. Hence, the creation of radiator entropy can be calcu-
lated as:

,, , , ,
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If one follows the procedures outlined by authors, the ra-
diator’s entropy generation number was determined by:

maxs genN S C= 				         (31)

The exergy loss caused by the coolant is:

( ) ( )0 , , ,lnf f pf f i f e f f f f meanEx Q T m c T T m p Tρ ∆ = − − ∆     (32)

While the rate of exergy acquisition by air is determined:
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If the dimensionless exergy loss is given by I* = I/Qmax, then:
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The efficiency provided by the second law is:

2
a

f

EX
Ex

η ∆
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					          (35)

Finally, the efficiency index is assessed using the formula:
CFEI
f

= 					          (36)

Methodology and result validation

The mean fluid temperature and thermophysical charac-
teristics of the air and coolant were estimated by analyzing the 
aforementioned theoretical coupled equations with Engineer-
ing Equation Solver. Iterations were performed for fluid prop-
erties that are dependent on average temperature since outlet 
temperatures were desired estimate of the simulated outcomes. 
Figure 1 shows the simulation method of path process used to 
determine the different results. Using the mixture model tech-

nique, we predicted the inlet temperatures (Tci = 85 °C and 
Tai = 35 °C) and nanoparticle characteristics at 1% volume 
fraction of nanofluid, taking into account the data from table 
2. After the airside and coolant-side convective coefficients 
were known, the total heat transfer was calculated using the 
ɛ-number of transfer units (NTU) approach in the Engineer-
ing Equation Solver. Then, the performance parameters that 
resulted were examined.

Experimental results of spherical shape under steady-
state conditions were used to validate the numerical code for 
a HNF based on spherical-platelet form nanoparticles. In an 
experimental setting involving a nanofluid based on spherical 
nanoparticles, the outcomes were contrasted with the accessi-
ble set of variables. Figure 2 illustrates that the coolant outlet 
temperature and heat transfer follow a similar trend, with a 
maximum variance of 6% and 5% between the experimental 
and predicted results.

Figure 1: The process flow diagram for numerical simulation.

Figure 2: Comparing the outcomes of the simulations to those of theoret-
ical and experimental studies.
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Results and Discussion
Impact of parameter on PI and effectiveness

A wavy fin radiator was designed to use a water based HNF 
as a coolant. This fluid might have a spherical (SiC)-platelet 
(graphene), spherical (SiC)-cylindrical (CNT), or cylindrical 
(CNT)-platelet (graphene) structure. Figure 3, figure 4, and 
figure 5 show the effects of changing the PI and effectiveness 
on the flowrate of coolant, the velocity of air, and the volume 
percentage of the HNF. For a wavy fin radiator with 0.02 m 
hydraulic diameter, the outcomes showed a consistent rise in 
efficiency with the volume fraction of air velocity and HNF.

When tested at a speed of 12.89 m/s, the HNF based on 
cylindrical and platelet-shaped particles was 9.4% more effec-
tive than the spherical-platelet-based HNF and 4.2% higher 
than the spherical-cylindrical HNF. In addition, the spher-
ical-platelet shape particle demonstrated its greatest efficacy 
as the volume percentage increased, owing to its larger heat 
transfer coefficient. Despite a moderate decrease in effective-
ness with increasing CFR, the hybrid composition nanofluid 
containing cylindrical-platelet shape particles outperforms 
both the spherical-platelet and spherical-cylindrical shape 
particle-based nanofluids by 6.6% and 3.2%, at 7.1 L/min 
flow rate. One possible explanation is that with increasing 
flowrates, the heat capacity increases. However, as the HNFs 
volume fraction and CFR rise, the PI also rises. Under 7.1 L/
min, the outcomes illustrated that the PI of spherical-platelet 
shape-based HNF is 3.5% greater than that of the cylindri-
cal-platelet shape and 1.6% greater than that of the spher-
ical-cylindrical HNF. The reduced pumping force can be to 
blame for this if the viscosity is low. The PI rises up to 4 m/s 
of air velocity before the dominance of fan power causes an 
occasional decrease in PI due to the fact that increasing the 
air velocity increases the fan power with no change in heat 
transfer. Moreover, at an air velocity of 3.4 m/s, the PI of the 
cylindrical-platelet HNF is 19.2% greater than that of the 
spherical-platelet hybrid and 7.9% greater than that of the 
spherical-cylindrical hybrid. Lower air velocities have been 
found to produce the best increases in PI.

Effect of parameter on entropy change and generation in air

Figure 6, figure 7, and figure 8 display the air entropy 
generation in proportion to the air velocity, fraction of HNF, 
volume, and CFR, as well as the effect of varying these fac-
tors. The air entropy shift becomes increasingly noticeable 
for a wavy fin radiator with a hydraulic diameter of 0.01 m 
as the CFR, air velocity, and volume fraction of HNF rise. 
At 7.1 L/min of CFR, the spherical-platelet HNF showed a 
5.5% larger entropy change than the cylindrical-platelet HNF, 
while the spherical-cylindrical hybrid came out in the middle. 
An increase in viscous entropy creation leads to an increase in 
the entropy change, which in turn causes such variations with 
the parameters. On the other hand, when it comes to thermal 
system design, a low entropy requirement is ideal. The spher-
ical-platelet HNF may have a greater heat transfer coefficient 
than other shapes of HNFs, but it has a higher entropy change 
in air for the same volume fraction of nanofluid. The entropy 
change of air is 4.3% larger in the blade-platelet shape-based 

HNF compared to the cylindrical-platelet HNF, and this is 
because the viscous entropy increases with increasing air ve-
locity. On the other hand, a spherical-cylindrical HNF with 
12.8 m/s air velocity produced an intermediate outcome.

Figure 3: Effectiveness and PI with CFR.

Figure 5: PI and effectiveness with volume fraction of HNF.

Figure 4: PI and effectiveness with air velocity.



S671NanoWorld Journal | Volume 9 Supplement 3, 2023

Enhancing Radiator Efficiency with Hybrid Nanofluids: A Comparative Study of 
SiC-Graphene and CNT-Graphene Compositions Alkkhayat et al.

For a wavy fin radiator, the best thermal coolant is the one 
that minimizes entropy formation. Findings showed that as the 

CFR, volume fraction and air velocity, of the HNF increase, 
the entropy generation also increases. Also, for the same rea-
son as with entropy change, the spherical-platelet HNF gen-
erates 3.6% more entropy than the cylindrical-platelet HNF at 
CFR of 7.1 L/min. By minimizing entropy, a more energy-ef-
ficient system is constructed. In addition, the entropy creation 
is affected by volume fraction of nanoparticles; lower volume 
proportion of HNF results in less entropy generation than a 
higher volume fraction. Additionally, at 12.89 m/s air velocity, 
it was found that the spherical-platelet HNF increased entro-
py generation by 6.2% and the spherical-cylindrical HNF by 
2.4% when compared to the cylindrical-platelet HNF. One 
alternative to conventional coolants for wavy fin radiators is 
a HNF based on a cylindrical-platelet shape, which has the 
advantage of generating the fewest possible entropy.

Effect of the parameter on exergy change in air and exergy 
change in coolant

Figure 9, figure 10, and figure 11 show the required second 
law analysis for minimum entropy and mean entropy, as well 
as the effects of air velocity, CFR, exergy change in air and 
coolant and volume fraction of HNF, on each other. At an air 
velocity of 4 m/s, the exergy change in the air and the exergy 
change in the coolant both rise with the CFR and the volume 
fraction of the HNF in a wavy fin radiator. The exergy increase 
with CFR is due to the rise in viscous entropy, which is caused 
by an increase in CFR; however, the viscosity is still predom-
inated by the addition of particles to the coolant. At 7.1 L/
min, the blade-platelet shaped nanoparticles exhibit a 3.6% 
greater exergy change in the coolant compared to the cylindri-
cal-platelet HNF. On the other hand, at the same flowrate, the 
spherical platelet nanoparticles exhibit a 2.9% higher exergy 
change in air compared to cylindrical-platelet HNF.

Case spherical-platelets outperform other shapes in terms 
of exergy change in coolant and air, even when considering 
volume percentage of HNF. Another factor that contributes to 
an increase in exergy is the speed of the air. In addition, at 12.8 
m/s air velocity, the spherical-platelet nanoparticle exhibits a 
4.2% greater exergy change in coolant compared to the cylin-
drical-platelet HNF. At the same air flowrate, the blade-plate-
let shape outperforms the cylindrical-platelet hybrid by 5.08%. 
Meanwhile, the spherical-cylinder HNF changed air and 
coolant exergy to a medium degree when compared to others.

Effect of parameters on exergy loss and entropy generation 
number

In order to compensate for the extra labor or power in-
put, two crucial parameters are entropy generation number 
and exergy loss determination. Figure 12 to figure 15 show 
the relationship between volume fraction of HNF, air velocity, 
CFR, and the variation in exergy loss and number of entropy 
generation. Together, irreversibility and heat transfer form a 
dimensionless exergy loss dependency. There is a strong cor-
relation between the ratio of irreversibility and heat transfer, 
and this correlation grows as the volume percentage of HNF 
and air velocity increases. However, when CFR increases, ir-
reversibility and heat transfer both increase; however, as heat 
transfer becomes more dominant, their ratio drops, leading to 
a reduction in exergy loss.

Figure 6: Entropy variation in air and entropy production with CFR. 

Figure 7: Entropy variation in air and entropy production with the air 
velocity.

Figure 8: Entropy variation in air and entropy production with volume 
fraction of HNF.
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While the spherical-cylindrical HNF does have some 
exergy loss, the results showed that at 7.1 L/min CFR and 
an air velocity of 12.8 m/s, respectively, the exergy loss was 

4.1% lower in the spherical-platelet-based and 3.9% lower in 
the cylindrical-platelet-based HNFs. At 1.6% volume frac-
tion in fin radiator, the exergy loss was 17.34% lower for the 

Figure 9: Air energy change and coolant energy change using CFR.

Figure 11: Air and coolant energy changes in relation to HNF volume 
fraction.

Figure 10: Variation in exergy of air and coolant with air velocity.

Figure 12: Entropy generation number and exergy loss with CFR.

Figure 13: Entropy generation number and exergy loss with air velocity.

Figure 14: Entropy generation number and exergy loss with volume frac-
tion of HNF.
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spherical-cylindrical HNF compared to the spherical-platelet 
HNF. This difference was observed when the volume fraction 
was changed. As the dominant effect of irreversibility reduces 
available production, exergy loss increases with increasing air 
velocity.

A HNF based on spherical platelet composition shows a 
2.7% reduced exergy loss at a speed of 15 m/s compared to a 
cylindrical platelet composition. As the net entropy genera-
tion rises, the entropy generation number grows with the CFR 
and volume fraction of the HNF. Nevertheless, the entropy 
generation number increases up to 3.4 m/s in air velocity be-
cause the heat capacity rate is equalized at 7.1 L/min of CFR, 
and then it decreases thereafter. Additionally, at 7.1 L/min of 
CFR and 12.8 m/s of air velocity, the HNF of spherical-plate-
let composition generates 6.12% more entropy than cylindri-
cal-platelet, and 5.2 % more entropy than cylindrical-platelet, 
respectively. Furthermore, as the volume fraction varies, the 
spherical-platelet HNF exhibits a 1.4% lower entropy gener-
ation number in a wavy fin radiator compared to the cylindri-
cal-platelet HNF, which has a 1.6% volume fraction.

Effect of parameters on coolant exit temperature and sec-
ond law efficiency

The results of the second law analysis show that the ther-
mal system is well-designed. The efficiency according to the 
second law and the relationship between the coolant exit tem-
perature, CFR, air velocity, and volume fraction of the HNF 
are shown in figure 15 to figure 18 for the wavy fin radiator. 
As CFR increases, the energy release rate decreases due to the 
higher coolant velocity, which causes the coolant exit tempera-
ture to drop and remain low. The coolant exit temperature rises 
asymptotically and nearly independently of nanoparticle form 
as the CFR grows because the coolant heat-releasing capac-
ity decreases with greater CFR. The spherical-platelet-based 
HNF is 1.7 °C hotter than the cylindrical-platelet HNF and 
1.1 °C hotter than the spherical-cylindrical HNF at a lower 
flow rate of 7.1 L/min. However, the coolant exit temperature 
drops as nanoparticles are added because more particles result 
in more heat transfer owing to higher thermal conductivity. 
Additionally, at a volume fraction of 1.6% for the HNF, the 
results showed that blade-platelet experienced a maximum 
temperature decrease of 1.7 °C, while spherical-cylindrical 
HNF experienced a maximum drop of 3.2 °C.

The exit temperature of the coolant is reduced, and heat 
transfer is increased when the air velocity increases due to 
the increased turbulence. At an air velocity of 12.8 m/s, the 
coolant exits temperature of the spherical-platelet HNF is 
1.8 °C higher than that of the cylindrical-platelet hybrid and 
the spherical-cylindrical hybrid is 1.6 °C higher. At the same 
air velocity, a spherical-platelet HNF has a 6.2% higher irre-
versibility than a cylindrical-platelet HNF, although this dif-
ference is only noticeable as the irreversibility increases with 
increasing air velocity. Additionally, when the volume percent-
age and coolant flowrate of the HNF grow, the second law 
efficiency also improves. This is because the exergy gains of the 
air and coolant both rises as a function of these variables. At 
a flow rate of 7.1 L/min, the results showed that the second 

law efficiency of the spherical-platelet HNF was 1.12% great-
er than that of the cylindrical-platelet HNF. The efficiency of 
the cylindrical-platelet HNF composition is 0.7% higher than 

Figure 17: Coolant exit temperature and irreversibility with air velocity.

Figure 16: Coolant exit temperature and second law efficiency with CFR.

Figure 15: Coolant exit temperature and second law efficiency with vol-
ume fraction of HNF.
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that of the spherical-platelet hybrid composition at 1.6% vol-
ume fraction.

Figure 15 shows that the exergy efficiency decreases when 
air velocity increases beyond 4.9 m/s, whereas the second law 
efficiency initially increases with increasing air velocity. Parti-
cle shape also showed a little effect of fan power on air velocity 
increment, and fan power changed parabolic on-air velocity 
variation. Even though the cylindrical-platelet shape-based 
HNF achieved the minimal second law efficiency, the spher-
ical-platelet mixture had a 1.6% improvement. This could be 
because air serves as a supplementary cooler and keeps the 
HNF in indirect touch with itself.

Effect of parameters on heat transfer rate, irreversibility, 
and efficiency index

The addition of nanoparticles to an already highly irre-
versible water base fluid increases its irreversibility even fur-
ther. As seen in figure 19, the irreversibility grows as the vol-
ume percentage of the HNF increases. The spherical-platelet 
HNF outperformed the spherical-cylindrical HNF in terms 
of irreversibility at 1.6% volume fraction, mainly because of 
its higher entropy. Figure 19, figure 20, and figure 21 display 
the change in heat transfer rate as a function of air velocity, 
hydraulic diameter of 0.01 m, CFR, and HNFs volume per-
centage for fin radiator.

As both the air velocity and the CFR rise, the turbulence 
effect increases, leading to a better heat efficiency index and 
a progressive increase in the heat transfer rate. At lower air 
velocities, the shape of the nanofluid has no effect on the 
efficiency index, but this might change at higher air speeds 
because of the increased CF. Furthermore, micro-level con-
vection is enhanced by nanoparticle addition, and heat trans-
mission is enhanced by nanoparticle impact. Thus, at a CFR of 
7.1 L/min and a speed of air velocity of 12.8 m/s, the spheri-
cal-cylindrical HNF had an intermediate response, while the 
cylindrical-platelet hybrid had a 3.9% and 4.3% greater heat 
transfer, respectively.

There is a direct correlation between the friction factor 
and the pressure drop of the coolant, therefore a lower friction 

factor results in a smaller pressure drop. At a CFR of 7.1 L/
min, the spherical-platelet shape of the HNF had a 3.5% low-
er friction factor than the cylindrical-platelet shape. Figure 21 

Figure 18: Fan power and second law efficiency with air velocity. Figure 19: Irreversibility and heat transfer rate with volume fraction of 
HNF.

Figure 21: Efficiency index and heat transfer rate with air velocity.

Figure 20: Friction factor and heat transfer rate using CFR.
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shows the fluctuation of the CF and friction factor of the air-
side, which are necessary for a dimensionless efficiency index. 
The ratio between the CF and the airside pressure drop reduc-
es as air velocity increases, but both factors do increase. At 2 
m/s air velocity, the results showed that the cylindrical-platelet 
HNF had a 3.03% better efficiency index, but at greater air 
velocity, the form of the nanoparticle had no effect on the ef-
ficiency index.

Conclusions
The present study examines the theoretical energy and 

exergy of a wavy fin radiator that uses a water-based coolant 
containing nanoparticles of various shapes, including cylin-
drical (CNT)-platelet (graphene), spherical (SiC)-platelet 
(graphene), and a HNF of spherical (SiC) and cylindrical 
(CNT). These findings are based on the analysis which was 
conducted under various operating situations.

•	 As compared to the cylindrical (CNT)-platelet 
(graphene) HNF at a CFR of 7.1 L/min, the spherical 
(SiC)-cylindrical (CNT) hybrid coolant exhibited an 
intermediate response, while the spherical (SiC)-platelet 
(graphene) nanoparticle-based hybrid coolant achieved a 
5.5% higher entropy change in the air, a 3.5% higher PI, 
and a 3.6% higher entropy generation, respectively.

•	 An increase in the coolant’s exergy change means that 
there is more exergy change in the air, which is caused 
by the addition of nanoparticles to the coolant. At 7.1 
L/min of CFR, the exergy changes of the coolant and 
the exergy change in air are 3.6% and 2.9% greater, 
respectively, in the SiC (spherical)-graphene (platelet) 
composition-based HNF compared to the CNT 
(cylindrical)-graphene (platelet) HNF.

•	 Spherical (SiC)-platelet (graphene) HNF has a 1.12% 
higher second law efficiency at 7.1 L/min CFR, a 0.7 
% higher volume fraction, and 12.8 m/s of air velocity 
compared to cylindrical (CNT)-platelet (graphene) 
HNF at the same conditions as a 1.6% volume fraction 
and 7.1 L/min CFR, respectively. There is a 6.2% 
increase in irreversibility and a 17.2% increase in volume 
fraction for the spherical (SiC)-platelet (graphene) HNF 
compared at 12.8 m/s air velocity and 1.6% volume 
fraction, respectively.

•	 Due to its 3.9% higher heat transfer rate and 4.3% higher 
air velocity in a wavy fin radiator at a CFR of 7.1 L/min 
and 12.89 m/s, respectively, and little penalty of pump and 
fan work, the spherical (SiC)-platelet (graphene) HNF 
coolant is more suitable for the practical application than 
the cylindrical (CNT)-platelet (graphene) HNF.
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