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Abstract: In the presented numerical study, the effect of  the use of  mono and hybrid (CuO/Water at 2% volume 
concentration and CuO + Fe/Water (1% CuO + 1% Fe)) type nanofluid in heat sinks designed in new geometric structures 
used to increase the processor cooling performance was investigated. The geometries used are circular, triangular, square, 
hexagonal, square, and hexagonal, and their perforated structures and their effects on a total of  eight geometries were 
analyzed. In addition to these, the rate of  improving the temperature distribution and heat transfer in the heat sink, i.e., the 
Performance Evaluation Criterion (PEC), was also examined. According to the results obtained, the lowest thermal resistance 
value is seen in the circular cross-section with R

th
 = 0.289 K/W, while the highest thermal, i.e., cooling performance is seen in 

the triangular perforated structure with R
th
 = 0.63 K/W and at the lowest pressure inlet condition. In terms of  temperature 

distribution, the most uniform distribution was obtained between 311.82 and 308.98 K in the circular section. The most 
interesting result in terms of  the results was the PEC = 1.4 for the triangular hole structure in the heat transfer improvement 
performance. The main reason for this is that the range of  the temperature distribution shown is very high (319–311.5K). 
Keywords: heat sink, mono-hybrid nanofluid, PEC, thermal resistance

1.	 Introduction

Thermal problems in central processing unit (CPU) 
equipment need the use of passive cooling methods, such 
as pin or plate fin heat sinks (HS), to ensure effective heat 
transfer and cost efficiency [1–4]. The research conduct-
ed by Chiu et al. [5,6] examined the cooling effectiveness 
of pin-type HS with circular cross-sections using both 
computational and experimental approaches. HS perfor-
mance is highly influenced by factors such as fin dimen-
sions, forms, quantity, arrangement, heat surface place-
ment, and coolant type. Göksu et al. [7,8] have obtained 
important results of heat transfer improvement by using 
passive methods, i.e., geometrical modifications, in their 
studies. Kuru [9] investigates the performance of trian-
gular ribbed plate fin HS, focusing on their thermal ef-
ficiency, weight, volume, and cost reduction. The results 
show that increasing velocity, fin height, number of fins, 
and triangular rib height leads to lower pressure drop and 
increased HS volume and weight. Different manufactur-
ing techniques also play an important role in the design 
of heat sinks; for example, pin-type geometry with addi-

tive manufacturing was designed and its effects analyzed 
[10]. Thangavel and Sekar [11] designed a lotus-type heat 
sink, analyzed the temperature distributions in laminar 
and turbulent flow, and observed that they decreased up 
to 302 K. 

Nanofluids (NFs) are being used more and more to im-
prove heat transfer in different HS setups because to their 
high thermal conductivity and density. The computa-
tional study conducted by Kavitha et al. [12] demonstrat-
ed a significant 68% enhancement in heat transfer for a 
fin-type HS by utilizing Al2O3/water nanofluid. Choi [13] 
initially introduced the notion of employing nanopar-
ticles in coolant. Choi and Eastman [14] employed NFs 
to enhance thermal control in electronic applications. 
Wu et al. [15] investigated the use of Al2O3-water NF 
in copper microchannel HS, as well as graphene/water 
NF for cooling serpentine and sinusoidal spiral archi-
tectures in heat sinks. In a study, it was shown that the 
utilization of a sinusoidal winding fin design was more 
effective when combined with a graphene/water NF on 
HS that had serpentine and sinusoidal spiral designs [16]. 
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An investigation was conducted on a mini-channel HS 
with a wavy design to assess its cooling performance us-
ing supercritical CO2. Results showed a significant 8.58-
fold rise in the heat transfer coefficient at the lowest in-
put temperature of 305 K [17]. The combination of wavy 
fins and square fins greatly enhances the performance of 
an inclined cooler box that contains magnetized-radia-
tive NF, resulting in a notable improvement [18,19]. The 
utilization of NF-cooled fins with circular, square, and 
triangular shapes led to significant enhancements in the 
Nusselt number, with increases of 23.1%, 16.5%, and 8%, 
correspondingly [20]. The integration of the Eulerian-La-
grangian approach with NF results in a significant 16% 
improvement in the heat transfer coefficient of a micro 
pin-fin HS [21,22]. Cabir [23] and Uçkan et al. [24,25] are 
noteworthy in this regard in their studies on fuels. 

Moreover, a study investigating the utilization of  MgO/
water, TiO2/water, and Al2O3/water, NFs in a rectangular 
microchannel HS revealed that Al2O3/water and MgO/
water NFs yielded superior outcomes [26]. The study 
examines [27] the impact of nanoparticle morphology 
on thermal conductivity in microchannels, focusing on 
hybrid and mono NFs. Results show that Al2O3 mono 
NF increases thermal conductivity by 12%, while hybrid 
NF based water increases it by 18.6%. TiO2 nanoparticles 
have the highest thermal resistance. Ozbalcı et al. [28] 
conducted research indicating that the combination of 
nanofluids and metal foam is an economical and energy-
efficient method for cooling electronic systems. Karaaslan 
and Menlik [29] conducted a study to examine the effects 
of mono and hybrid NFs on the cooling of solar panels. 
The mono-hybrid nanofluids they use are CuO/Water and 
CuO+Fe/Water. The reason for choosing these two fluid 
types is that the thermophysical properties of nanofluids 
are better, as mentioned above.  The behavior of hybrid 
nanofluids can be more precisely estimated at lower 
concentrations of nanoparticles. Therefore, a concentration 
of 2% is deemed the most appropriate for this experiment 
[30]. In their study, Ho et al. [31] investigated the impact 
of ultrapure water and water-based alumina NFs with 
volume concentrations of 0.5% and 1% on a micro-channel 
HS. They observed a significant 14.43% enhancement in 
the heat transfer coefficient. Sriharan et al. [32] conducted 
a study to examine how the use of nanofluids Al2O3, MgO, 
and CuO affects the convective heat transfer coefficient 
in a HS with a hexagonal tube. The results indicated a 
significant increase of 40%, 28%, and 22% for Al2O3, MgO, 
and CuO, respectively.

Göksu[33] investigated the cooling performance of mono 
and hybrid NFs in block-type HS, and the results showed 
that mono NF provided much better thermal resistance 
than water fluid and partially lower thermal resistance 
than hybrid NF. It was observed that Al2O3 NF provides 
lower thermal resistance than water fluid when used in 
block-type structures [34]. In another study, Göksu [35] 
designed heat sinks with circular, triangular, square, and 
hexagonal cross-sections and their perforated versions 
and investigated their cooling performance using water 

fluid. The results showed that Rth = 0.29 K/W had the 
lowest thermal resistance. The present study examined 
the effects of using mono and hybrid nanofluid instead 
of water in HS designed in circular, triangular, square, 
and hexagonal sections, as well as their perforated 
versions from the previous study. The primary driving 
force behind this examination was the impact of mono 
and hybrid nanofluids on block-type structures in a 
previous study, which raised questions about the cooling 
capabilities of pin and perforated pin structures. Within 
this framework, it will assess and contrast the cooling 
and heat transfer enhancements achieved by water, mono 
nanofluids, and hybrid nanofluids.

2.	 Geometry and Boundary Condition
The geometries used in the present study are the same as 
those used in the previous study [35]. These geometries are 
circular, triangular, square, square, hexagonal, and their 
perforated versions. Four different inlet pressures are used 
as boundary conditions (689, 1370, 2040, 2750 Pa), and 
a constant heat flux is applied to the bottom side of the 
heat sink. Central Processing Unit (CPU) analyses were 
carried out using the ANSYS FLUENT module. The k-ε 
turbulence module was used, and SIMPLE was selected as 
the solver. The residual stress values were kept the same 
as in the previous study.  Equation 1 uses the thermal 
resistance (Rth) as the fundamental parameter to gauge 
the system’s cooling efficiency. The system cools more 
efficiently the lower this value is. Equations 2–5 display the 
heat transfer coefficient, friction factor, Reynolds number, 
and Performance Evaluation Criteria (PEC). The present 
study uses both mono (CuO/Water-2% concentration) and 
hybrid (CuO-1%+Fe/Water-1% concentration) solutions. 
The equations used in the calculation of the physical 
properties of the fluids are given in 6–13 equations [33]. 
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3.	 Result and Discussion 

This chapter will be analyzed in three sections. The sec-
tions are categorized according to the fluids used, and 
the first one highlights the results of the previous study 
[35], i.e., when water fluid is used, the second one high-
lights the results when mono nanofluid is used, and the 
last section highlights the results when hybrid nanofluid 
is used. According to the numerical data, the highest flow 
rate shows a maximum deviation of 4.69% in Rth, while 
the maximum variation in  is 6.42% at a pressure of 
1370 Pa. These variations are worth mentioning as they 
are within the permissible range of less than 10%, which 
demonstrates the accuracy of the numerical simulations.

3.1. Water Utilization Findings
The thermal resistance, temperature distribution, and 
PEC results obtained in the previous study [35]  are shown 
in Figures 1, 2, and 3, respectively. As can be seen from 
the figures, the thermal resistance values decrease with 
increasing pressure, and the lowest thermal resistance was 
obtained as Rth = 0.29 K/W at P = 2750 Pa. It is clearly seen 
from the figure that the geometry that can be used in terms 
of cooling performance after the circular cross-sectional 
structure is the heat sink in the square hole structure. The 
specified value was obtained in the circular-section pin 
heat sink. In the temperature distribution, the situation is 
the same; that is, it is seen that the temperature decreases 
with increasing pressure, and the most uniform tempera-
ture distribution (311.3–308.73 K) was obtained in the cir-
cular section pin type heat sink. When the Performance 
Evaluation Criteria (PEC) were evaluated, the highest PEC 
= 1.18 was obtained at P = 689 Pa. Another important re-
sult is that the heat sink with a triangular cross-sectional 
structure has the lowest PEC values. 

3.2. Mono-Nanofluid Utilization Findings
Figures 4, 5, and 6 display the thermal resistance, 
temperature distribution, and PEC results obtained 
using mono (CuO/Water, 2% concentration) nanofluid, 
respectively. The numerical results indicate that the heat 
sink in the circular cross-section has the lowest thermal 
resistance value of Rth = 0.289 K/W. Overall, the circular 
cross-section yields better results than the other cross-
sections. It is evident that the value is lower than that 
of water fluid. This finding is one of the most significant 
outcomes of using nanofluid to cool heat sinks. Among the 

perforated structures, the square hole structure exhibited 
the lowest thermal resistance, with Rth=0.302 K/W. The 
most uniform temperature distribution was achieved in 
the 311.34–308.67 K range, particularly in the circular 
section heat sink. This range is comparatively better than 
that achieved using water fluid. One of the key findings 

Figure 1. Compare of pressure vs. thermal resistance.

 

Figure 2. Mean temperature vs. pressure.

Figure 3. PEC vs. pressure drop.
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of this study is the PEC value.  As shown in Figure 6, the 
triangular hole structure at P = 689 Pa yielded the highest 
PEC value of 1.32, which is significantly higher than the 
highest PEC value of 1.18 observed in water fluid. This 
indicates that the mono-nanofluid has a considerable 

impact on PEC values compared to water fluid. From 
Figure 3, it is evident that the lowest PEC value of 0.71 
was obtained when using mono nanofluid, compared to 
0.67 when using water fluid. 

Figure 4. Compare of pressure vs. thermal resistance for mono nano-
fluid.

Figure 5. Mean temperature vs. pressure for mono nanofluid.

Figure 6. PEC vs. pressure drop for mono nanofluid.
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Figure 7. Compare of pressure vs. thermal resistance for hybrid 
nanofluid.

Figure 8. Mean temperature vs. pressure for hybrid nanofluid.

Figure 9. PEC vs. pressure drop for hybrid nanofluid.
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3.3. Hybrid-Nanofluid Utilization Findings
Figures 7, 8, and 9 display the thermal resistance, tempera-
ture distribution, and PEC results obtained using mono 
(CuO+Fe/Water) nanofluid, respectively. The circular 
cross-section heat sink exhibited the lowest thermal re-
sistance and the most uniform temperature distribution, 
with values of Rth = 0.299 K/W and 311.82–308.98 K, re-
spectively. These values are higher than those of the mono 
nanofluid. The study concludes that the hybrid nanofluid 
is not more efficient than the mono nanofluid in terms of 
thermal resistance and temperature distribution. Howev-
er, it is quite efficient in terms of heat enhancement factor 
(PEC). Figure 9 shows that the maximum PEC is 1.32 in 
the mono nanofluid, while it is 1.40 in the hybrid nano-
fluid. Although the lowest PEC value in mono nanofluid 
is 0.67, the value of 0.733 in hybrid nanofluid indicates its 
superior efficiency in terms of heat recovery. 

4.	 Conclusion

The key findings regarding the cooling, temperature 
distribution, and heat recovery performances of mono 
and hybrid nanofluids in the heat sink are as follows:

1. The heat resistance of the mono nanofluid was 
reduced compared to both the water fluid and the hybrid 
nanofluid. The circular sectioned heat sink achieved the 
lowest thermal resistance, with a value of Rth=0.289 K/W.

2. The evaluation of temperature distribution indicated 
that the mono nanofluid exhibited a more consistent 
temperature distribution compared to the hybrid and 
water fluids. 

3. The temperature distribution was obtained in the range 
of approximately 311-308 K for both mono and hybrid 
nanofluids. This range’s narrowness is an indication of 
how uniform the temperature distribution is. 

4. Upon comparing the results in terms of PEC, it was 
seen that the hybrid nanofluid exhibited much higher 
values compared to both the mono nanofluid and water 
fluid. The heat sink with triangular holes achieved the 
greatest PEC value of 1.40. The impact of perforated 
structures, particularly in PEC outcomes, serves as the 
fundamental measure of the effectiveness of the planned 
geometries. 

Nomenclature
a	 results parameter of specified study 

Cp	 specific heat, J.kg-1·K-1

	 hydraulic diameter, m

f	 friction factor	 	

h	 convection heat transfer coefficient, W.m-2·K-1

k	 thermal conductivity, W.m-1·K-1

	 heat flux, W.m-2

Rth	 effective thermal resistance K.W-1

T	 temperature, K

Greeks
µ	 dynamic viscosity, Pa·s

ρ	 density, kg.m-3

0	 results parameters of experimental study

Abbreviations
CFD	 computational fluid dynamics

CPU	 central processing unit

HS	 heat sink

NF	 nanofluid

PEC 	 performance evaluation criterion
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