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This work presents an experimental investigation of the heat transfer (HT) and pressure 
drop characteristics associated with three different configuration models of minichannel 
heat sinks. This study utilizes a coolant consisting of TiO2 nanoparticles dispersed in water 
at a weight concentration of 10%. The performance of this nanofluid coolant is then 
evaluated and compared to that of distilled water under several heating powers ranging 
from 100 to 300 W. The findings suggest that the thermal performance of TiO2 nanofluid 
is significantly influenced by heating power (HP), and its HT efficiency can be enhanced 
more efficiently at lower levels of HP. However, it has been observed that when the HP 
decreases, the pressure drop increases. This effect is more pronounced in TiO2 nanofluid 
than in pure water, which can be attributed to the difference in viscosity with 
temperature. The Nusselt number remains constant regardless of the increase or 
reduction in HP. Consequently, when pure water is utilized, the experimental Nusselt 
number aligns with the Peng and Peterson empirical correlation for all HPs, with an 
accuracy of 15%. The TiO2 nanofluid was used to test the lowest wall temperature, 40 °C. 
This measurement was obtained at a Reynolds number of 1100, equivalent to a heat 
power (HP) of 100 W. Furthermore, it is noted that when the fluid passes through the 
mini channel, there is an increase in the axial temperature from the input to the outlet of 
the heat sink (HS). The maximum enhancement observed for a power input of 100 W is 
19.59% when utilizing configuration A. This is attributed to the combination of a weak 
buoyancy force and an increase in the surface area of HT. The HP highly influences the 
system's thermal performance, and its effective HT characteristics are more pronounced 
at lower HP levels. 
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1. Introduction 
 

Heat sinks are a necessary component for the purpose of dissipating heat generated by energy-
intensive devices and processes. HSs play a crucial role in the field of thermal management as they 
enhance the operational safety and cycle life of high-power density batteries [1,2]. The energy 
produced in fuel cells results from electrochemical reactions, with around 50% released as heat [3,4]. 
Similarly, the employment of single-phase forced convection in a highly supercooled HS has been 
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recognized as an effective method for chilling, offering a diverse range of applications [5]. In order to 
ensure the temperature of fuel cells remains within an acceptable range, it is necessary to employ an 
HS, despite the natural heat dispersion. Hence, the efficacy of HSs plays a crucial role in operating 
batteries, fuel cells, laser arrays, and electronic circuits. Further, HSs play a crucial role in the optimal 
functioning of electronic components, mainly due to the significant impact of temperature elevation 
on electronic failures, which accounts for approximately 55% of such occurrences [6,7]. The Nusselt 
number is unaffected by variations in HP when distilled water is employed as a coolant [8]. 
Nevertheless, the performance of TiO2 nanofluid is enhanced at lower HP due to the increased 
stability of nanoparticles when combined with the base fluid under these conditions. As a result, the 
experiment demonstrated a significant improvement of 12.75% compared to distilled water when 
subjected to a HP of 100 W. According to the source provided by Jung and Park [9], The usage of 
nanofluid as the operational fluid in the Microchannel Heat Sink (MCHS) resulted in a thermal entropy 
generation rate that was 6.3% lower compared to water. In summary, our study involved the 
empirical demonstration of nanofluid HT by the utilisation of a technology for measuring velocity and 
temperature. The findings of this research will contribute to the advancement of the field of HT 
through the use of Al2O3 nanofluids. The experimental results indicate that while utilizing nanofluids 
containing 0.012% TiO2, a heat sink (HS) with a wavelength of 5 mm and amplitude of 0.5 mm, 
operating at a Reynolds number of 894 and a heating power of 25 W, the minimum wall base 
temperature is measured to be 33.85 °C. Additionally, the maximum augmentation in Nusselt 
number is observed to be 40.57%. The power needed for pumping is determined by the flow rate 
and the pressure drop. The HS with a minimum wavelength is connected with a maximum value of 
0.0284 W [10]. The thermal resistance (Rt) can be reduced by the heat conduction of liquid metal in 
the Z direction and the heat convection occurring between the top surface of the fins and the liquid 
metal. The aforementioned procedure demonstrated efficacy in microchannels characterized by a 
low channel aspect ratio, low mean velocity (Um), or lengthy heat sink length. The paper's example 
demonstrated a reduction in thermal resistance of up to 36.0%. The increased volume of space 
provided the heat sink with decreased pressure, perhaps resulting in a further reduction in pumping 
power (P). This condition was shown to be applicable in cases where the fins were shortened (h2 < 
0; h2 represents the height of the expanded channel for E-MCHS) as well as when the cover plate 
was elevated (h2 > 0) [11]. The findings indicate that the utilization of a mini/micro-channel stacked 
double-layer HS can lead to a notable reduction in pressure drop when compared to the single-layer 
micro-channel heat sink configuration. The average convection HT index of the tiny-channel stacked 
double-layer HS is higher than that of the single-layer micro-channel HS when the flow rate ratio is 
less than 2.0. Ultimately, the FOM ratios exhibit values exceeding unity across all instances. According 
to the referenced study, the utilization of tiny-channel stacked double-layer HSs offers more benefits 
in engineering applications compared to single-layer tiny-channel HSs. The study conducted by Wang 
et al., [12] proposed the integration of a multi-objective optimization algorithm with computational 
fluid dynamics (CFD) and machine learning techniques as a means to reduce the expenses associated 
with optimization and computational processes. The goal of the research was to identify the optimal 
operational parameters for mini-channel heat sinks utilizing nanofluids. Initially, a numerical model 
was constructed to simulate the behavior of a nanofluid mini-channel. The mixture model was 
employed to build a comprehensive dataset that could be utilized for training machine learning 
models. Here, we used the Support Vector Regression (SVR), Gaussian Process Regression (GPR), and 
Random Forest (RF) models to show how the variables of the nanofluid tiny-channel (namely the inlet 
Reynolds number (Re), volume fraction (φ), and heat flow density (q) relate to the pressure drop 
(△P) and the average temperature of the heating wall (Tave). The study showed that the Gaussian 
Process Regression (GPR) model was the most suitable. R2 values of 0.9939 for Tave and 0.9985 for 
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P showed this. The NSGA-II multi-objective optimization method was used to find the best value for 
φ in various operational situations. The findings revealed a value of around 3% for low Reynolds 
number (Re) and approximately 2% for high Reynolds number (Re). The user's content does not 
include any information to alter. This research examines how well various machine learning 
algorithms and a regression model can guess the complicated connections between geometric 
shapes and operational variables and how well heat moves through materials [13-15]. The machine 
learning models had mean absolute errors (MAEs) ranging from 7.5% to 10.9%. This showed a 
significant improvement in the accuracy of the predictions, about five times better than the current 
regression correlations. The model demonstrated significantly fewer mean absolute errors (MAEs) 
than the regression model. In addition, the machine learning models demonstrated a notable level 
of precision when applied to infrequent geometric shapes and specific operational circumstances, 
such as a triangle pin shape or the utilization of R134A as a working fluid [16-20]. The findings of this 
study demonstrate the higher predictive accuracy of machine learning models compared to 
traditional correlation methods in assessing the thermal performance of tiny-pin fin HSs across 
various geometry and operating situations. The age range of the individuals mentioned is between 
15 and 17 years old. The evaluations presented herein serve the purpose of comprehending the 
physical mechanisms underlying microchannels across many application domains. Moreover, they 
aim to address the existing gaps in relevant research and offer valuable study methodologies for 
forthcoming numerical investigations. The user has provided a numerical reference without any 
accompanying text. The evaluation of the impact of the radius ratio on heat storage efficiency is also 
conducted in the absence of gravitational forces [21,22]. This study demonstrates the efficacy of 
electrohydrodynamics in facilitating the melting process of phase transition materials, even in 
microgravity conditions. The user provided a numerical reference without any accompanying text. 
The findings indicate that the utilization of MWCNT nanofluids in the microheat exchanger leads to 
a notable improvement in heat transfer efficiency, with an enhancement of up to 33%. Furthermore, 
the enhancement of the system's energy efficiency is observed under specific operating conditions, 
particularly in the vicinity of a Reynolds number (Re) of approximately 1000, considering HT results 
and pressure drop. Additionally, a proposed correlation is presented to assess the HT results of 
nanofluids in tiny-channels based on the average Nusselt number. The user has provided a numerical 
reference. The investigation of the characteristics of Al2O3-H2O nanofluid in minichannels involves 
the utilization of experiment comparison and numerical analytic techniques to evaluate irreversibility 
[23,24]. The experimental findings indicate that the critical transition point of the nanofluid, at which 
it transitions from laminar flow to turbulent flow, is determined to be 1300. The Nusselt number of 
the nanofluid consisting of Al2O3 and H2O exhibits the highest enhancement in concentration at 
0.01% when the Reynolds number (Re) is approximately 5200, resulting in a maximum rise of 47.5%. 
The observed augmentation in the friction factor of the nanofluid amounts to 15.1% [25-29]. The 
findings of earlier experiments were compared to determine the effective heat transfer of low-
concentration nanofluids under low flow resistance, as indicated by the Nu and f values. The primary 
source of irreversible loss in the nanofluid is the thermal entropy production rates, while the frictional 
entropy generation rate dominates prior to a Reynolds number of 5000. 

This study addresses the enhancement of heat transmission in mini-channels through the 
utilization of nanosized particles of TiO2 nanofluid within the flow channel. In recent years, there has 
been a significant global focus on the investigation of nanomaterials and their dispersion in fluids as 
particles. This heightened interest can be attributed to the groundbreaking findings of pioneering 
researchers, who uncovered the abnormal thermal properties shown by these fluids. Heat transfer 
from smaller locations is accomplished by utilizing mini-channels. According to the theory of heat 
transfer, the most efficient heat transmission occurs in mini-channels when there is a little pressure 
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drop across them. This research study focuses on conducting experimental investigations to analyze 
the enhanced heat transfer properties of three different configuration models of tiny-channel HSs 
through the utilization of TiO2 nanofluid. The comparative analysis involves the examination of 
experimental outcomes pertaining to heat transfer utilizing TiO2 nanofluid, in relation to three 
distinct design models of the tiny-channel HS. 
 
2. Experimental Methodology 
 

A test rig of an experimental nature was created and afterwards deployed within the Heat 
Transfer Laboratory, which is housed under the Mechanical Engineering Department of the 
University of Technology. The schematic representation of the equipment's overall configuration is 
depicted in Figure 1, while Figure 2 provides a photographic depiction of the same. The test rig was 
specifically developed to allow for the manipulation and experimentation of different operating 
parameters. The primary constituents of this units consist of experimental systems, a cooling fluid, 
measuring equipment, a reservoir, a power supply, and a cooling unit. Figure 3 illustrates the various 
modules of the heat sink with serpentine mini-channels. The cooling medium utilized in the system 
was distilled water. This fluid is introduced into the system from a reservoir, passing through a filter 
before traversing the heat sink. Within the heat sink, the coolant undergoes a temperature increase 
as it absorbs thermal energy from the heat source. It is imperative to ensure that the coolant is 
sufficiently cooled prior to its re-entry into the heat sink for the purpose of recirculation. The 
aforementioned procedure was executed employing a radiator cooler. Consequently, the heated 
coolant underwent a cooling process at the radiator cooler before being returned to the storage tank 
for continual recirculation through the system via a pump. The pump produces a sufficient level of 
energy to generate pressure, so enabling the circulation of the cooling fluid within the module. In a 
series of investigations, the manipulation of coolant flow rates was achieved by the utilization of a 
globe valve for control. The flow meter is employed to measure the volumetric flow rate within the 
closed-loop system. The heat source is situated on the underside of the SMCHS. The plate-type heater 
has a maximum heat input of 500 W when operated at a voltage of 230 V. The primary function of 
this device is to provide input heat to the SMCHS, while also offering the capability to regulate the 
heat output through the utilization of a variac. The instruments utilized for measuring electrical 
power consist of a voltmeter and an ammeter. The primary power source's alternating current (AC) 
voltage is reduced through the utilization of a stepdown transformer. As a result, the heat input 
applied to the bottom surface of the SMCHS remains constant for every test. A total of five 
perforations were strategically created along the center axis of the heat sink base, which consists of 
interconnected serpentine mini-channels. Following this, the thermocouples were carefully put into 
these perforations in order to precisely measure the temperatures of the base. The holes are 
uniformly spaced at a depth of 4mm below the mini-channel substrate. The measurement of the 
average bulk wall temperature is accomplished using K-type thermocouples equipped with 1mm 
beads. The temperature of the liquid coolant is monitored by the placement of two thermocouples, 
spaced 1.5 cm apart, at the intake and outflow points of the channel. Digital differential manometers 
are used to quantify the reduction in pressure of the submental chin-hold maneuver and swallow 
(SMCHS). The flow meter has been specifically designed for the purpose of monitoring volumetric 
flow rates of water, with a measurement range spanning from 1 to 10 liters per minute (Lpm). In 
order to enhance heat transmission and minimize the presence of air gaps, it is customary to apply a 
thermal compound to the heater and channel sink surfaces. Glass wool insulation is effective in 
minimizing heat loss inside the heater assembly channel. The power output of a variac was enhanced 
by maintaining a constant value, while the flow rate was managed by a stable control valve. The 
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experimental conditions were fixed for a duration of 30 minutes. A study was conducted to 
quantitatively analyze volume flow rates ranging from 1 to 6 Lpm, with an associated uncertainty of 
±4%. The heat load has a range spanning from 40 to 400 watts, accompanied by a 1% margin of error. 
The heat sink was maintained at a temperature below 90 °C, while the fluid entering the system was 
maintained at a temperature of 27 °C. The accuracy of pressure drop measurements is within a range 
of 1%. 
 

 
Fig. 1. Graph represents the experimental model 

 

 
Fig. 2. Graph illustrates the empirical model 
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Structure A 

  
Structure B 

  
Structure C 

Fig. 3. The configurations of all serpentine mini-channels heat sink 

 
The Rutile form of TiO2 nanofluid, which was utilized in this study, was procured from Nanoamor, 

a supplier based in Malaysia. The nanoparticles were not stabilized using a surfactant, and a 
homogenous dispersion of TiO2 nanoparticles was created by changing the pH and bead-milling, using 
pure water. The manufacturer provided information regarding the size and morphology of the 
nanoparticles, stating that they ranged from 5 to 30 nm in size and had a spherical shape. In addition, 
it is worth noting that the nanofluid under investigation was not subjected to sonication prior to 
experimentation. This decision was based on the fact that the nanofluid exhibited a stable state for 
a duration of six months at room temperature, as depicted in Figure 4. 
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Fig. 4. TiO2 nanofluid 

 
3. Data Reduction 
 

The volume fraction (α) of nanofluid can be calculated using Eq. (1) based on the provided weight 
fraction of nanoparticles [8]. 
 

α = ρbfwnp × (ρnp − ρnpwnp + wnpρbf)
−1

          (1) 

 
The density of the nanofluid is a function of both the density of the nanoparticles and the base 

fluid. For the purpose of determining the density of nanofluid, the following Eq. (2) is utilized 
 
ρnf =  αρnp + ρbf − αρbf            (2) 

 
The density of the nanofluid as well as the specific heat capacity of the base fluid both play a role 

in determining the specific heat capacity of the nanofluid. It is determined by using the following 
equation, Eq. (3) [8] 
 
cpnf = (αρnpcpnp + ρbf − αρbfcpbf + ρbfcpbf) × ρbf

−1        (3) 

 
Viscosity of the suggested model for a nanofluid, taking into consideration the size of 

nanoparticles, is provided as Eq. (4) 
 

μnf = μbf[1 − α1.03 × (dnpdpf
−1)

−0.3
]           (4) 

 
And dpf can be calculated as in Eq. (5) 

 
dpf = 0.1[6M × (πNρbf)

−1]1.333           (5) 

 
where molecular weight of water, M = 18 g/mole, Avogadro no., N = 6.02 ×1023 and π = 3.14. 
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Eq. (6) obtained the computation of the thermal conductivity of nanofluids (6) 
 
knf = (kbfknf + 2kbf − s2kbf − 2kbfs knfα − kbfknfα)  
× (kbfknf − 2kbfknf + 2kbfα − kbfknfα)−1          (6) 
 
where, s = 3 for spherical shape nanoparticle. 

Heat is transferred from the heat sink to the coolant whenever there is motion involved. The rate 
of heat transmission can be determined by applying Eq. (7) to the situation 
 
Q = m.cpTout − m.cpTin            (7) 

 
The mean temperature of the bulk coolant is used in the calculation of all thermophysical 

properties, which is done by using the following equation 
 
Tm = 0.5Tin + 0.5Tout            (8) 
 

The temperature at the base is measured at a depth of 1.5 mm below the surface of the channel 
wall. The temperature can be determined using Fourier's equation of heat conduction, as expressed 
in Eq. (9). 
 
Twl = Ttc − QHw × (KhsWtLt)−1           (9) 
 

The calculation of the heat transfer rate, expressed in terms of the convective heat transfer 
coefficient, is determined using Eq. (10). 
 
Q = (LMTD)(htwcLt + h2thfLt)                     (10) 
 
where total number of channels, t = 17. 

The LMTD (Logarithmic Mean Temperature Difference) represents the average temperature 
difference between the wall and the mean bulk temperature of the coolant. The calculation can be 
performed using Eq. (11). 
 

LMTD = [(Twl − Tin) − (Twl − Tout)] × ln [(Twl − Tout) × Twl − Tout
−1]−1               (11) 

 
Convective heat transfer coefficient is calculated by Eq. (12) 
 
h = m.Cp(Tout − Tin) × (Ae LMTD)−1                    (12) 

 
The evaluation of integral-fin efficiency, as stated by the equation, relies on the consideration of 

convective thermal resistance as a significant parameter (13) 
 
Rth = LMTD × Ac × Q−1                      (13) 
 
Reynolds number is obtained by Eq. (14) 
 

Re = ρ × (
4AC

PC
) × (

Qf

WChf
) × μ−1                     (14) 
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The heat transfer performance, as measured by the experimental Nusselt number, is 
mathematically described by Eq. (15). 
 

Nu = h × k−1 × (
4AC

PC
)                      (15) 

 
This experimental Nusselt number is compared with the empirical correlation given by Peng and 

Peterson [21], Eq. (16) 
 

Nu = Re0.62 × Pr0.3 × (
dh

wcc
)0.81 × (

hf

wcc
)−0.79 × 0.11                  (16) 

 
4. Uncertainty Analysis 
 

The approach used to determine the uncertainty associated with experimental data is the Kline 
and McClintock’s [22] method. The log mean temperature difference and Nusselt number exhibit a 
maximum uncertainty of 3.25% and 6.87% respectively. 
 
5. Interpretation of the Results 
5.1 Model Verification 
 

In the first stage, the experimental results are compared with the theoretical correlation 
proposed by Peng and Peterson [21], using distilled water as the medium. As depicted in Figure 5, 
the experimental Nusselt number exhibits minimal sensitivity to the augmentation of heating power 
from 100W to 300W. The observed pattern exhibits a consistent incremental trend as the Reynolds 
Number increases. The experimental Nusselt number is shown to be in agreement with the 
theoretical correlation within a margin of error of 12% across all heating powers, therefore validating 
the results. 
 

 
Fig. 5. Graph represents the Nusselt number, Peng and Peterson 
[21] and Kline and McClintock [22] comparison 
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5.2 TiO2 Nanofluid against Distilled Water, Performance Analysis 
5.2.1 Nusselt number 
 

The Nusselt number has a positive correlation with the Reynolds number when considering both 
distilled water and TiO2 nanofluid across various HPs. The Nusselt number associated with TiO2 
nanofluid exhibits a greater value in comparison to that of distilled water. Nevertheless, the rate of 
promotion is decreasing as the heating power increases, as depicted in Figure 6(a) to Figure 6(c). As 
a result, the highest level of improvement seen at 100W is 11.32%. However, the level of 
enhancement decreases to 2.46% and 1.82% for heating powers of 200W and 300W, respectively. 
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Fig. 6. TiO2 nanofluid against distilled water, graphic as a 
function of Nusselt number and Reynolds number 

 
5.2.2 Temperature of the innermost wall 
 

The Nusselt number of TiO2 nanofluid is greater than that of pure water. This observation 
suggests that the rate of reduction in the inner wall temperature of the small channel HS is higher 
when TiO2 nanofluid is used compared to when distilled water is used, as seen in Figure 7(a) to Figure 
7(c). On the contrary, previous studies have shown that the use of TiO2 nanofluid has a greater 
efficacy in reducing wall temperature when subjected to lower HP settings as opposed to higher HP 
conditions. The aforementioned findings demonstrate that when subjected to heating powers of 100 
W, 200 W, and 300 W, the temperature of the inner wall exhibited a reduction of 3.83%, 3.62%, and 
3.56% correspondingly. In the experimental investigation conducted, a TiO2 nanofluid was used at a 
Reynolds number of 1100, corresponding to a HP of 100 W. The lowest temperature of the wall was 
determined to be 55.35°C by measurements. 
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Fig. 7. Plotting innermost wall heat degree vs. Reynolds value compare 
TiO2 nano-fluid with clear water 

 
5.2.3 Log mean temperature difference 
 

The Logarithmic Mean Temperature Difference (LMTD) is a metric that quantifies the average 
disparity between the highest temperature of the inner wall of a tiny-channel HS and the 
temperature of the surrounding bulk coolant. The experimental results indicate that the TiO2 
nanofluid exhibits a lower wall temperature compared to distilled water, which can be attributed to 
its higher heat absorbing ability. This leads to a significantly reduced logarithmic mean temperature 
difference (LMTD) for the TiO2 nanofluid across all heating power levels, as depicted in Figure 8(a) to 
Figure 8(c). Similar to the behavior observed in wall temperature, a more substantial decrease is 
observed when the heating output is reduced to 100 W. In general, the decrease rates associated 
with HPs of 100 W, 200 W, and 300 W are 19.35%, 13.67%, and 11.99%, respectively. 
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Fig. 8. TiO2 nanofluid and distilled water are compared, and 
the results are displayed as log mean temperature difference 
against Reynolds number 

 
5.2.4 Thermal resistance (Rth) 
 

The fundamental indexes that demonstrates the behaviour of a minichannel HS is thermal 
resistance. A lower thermal resistance signifies superior heat sink performance, since it represents 
the ratio between the logarithmic mean temperature difference (LMTD) and the rate of HT. Figure 
9(a) to Figure 9(c) illustrates the thermal resistance of distilled water and TiO2 nanofluid, 
demonstrating a decrease in thermal resistance as the Reynolds number increments for both fluids. 
In addition, the utilization of TiO2 nanofluid as a cooling medium result in a decreased thermal 
resistance compared to distilled water. Specifically, the reduction in thermal resistance amounts to 
21.85%, 13.42%, and 10.23% for heating powers of 100 W, 200 W, and 300 W, respectively. The 
minimum thermal resistance observed in this study was found to be 0.064 OC/W. This result was 
obtained by utilizing a TiO2 nanofluid at a Reynolds number of 1100, which corresponds to a HP of 
100 W. 
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Fig. 9. Graph represents a comparison of TiO2 nanofluid with distilled 
water, Rth against Re 

 
5.2.5 Pressure drop 
 

The behaviour of a tiny-channel HS is primarily characterized by its thermal resistance, which 
serves as a fundamental parameter. Superior heat sink performance is shown by a lower thermal 
resistance, since it reflects the relationship between the logarithmic mean temperature difference 
(LMTD) and the heat transfer rate. Figure 10(a) to Figure 10(c) depicts the thermal resistance 
characteristics of distilled water and TiO2 nanofluid, revealing a reduction in thermal resistance with 
increasing Reynolds number for both fluids. Furthermore, the implementation of TiO2 nanofluid as a 
coolant result in a reduction in thermal resistance when compared to the use of distilled water. The 
thermal resistance is reduced by 21.85%, 13.42%, and 10.23% for heating outputs of 100 W, 200 W, 
and 300 W, respectively. The investigation revealed a minimal thermal resistance of 0.064 OC/W. The 
aforementioned outcome was achieved through the utilization of a TiO2 nanofluid at a Re of 1100, 
which is representative of a HP of 100 W. 
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Fig. 10. Graph represents a comparison of TiO2 nanofluid with 
distilled water, pressure drop against Re 

 
5.2.6 Influences of heating power 
 

The analysis of the impact of HP on pressure decline is conducted employing pure water, as 
depicted in Figure 11. An increment in HP is relevant with a decrease in pressure drop. This 
phenomenon occurs due to a reduction in the density of the fluid as the heating power is raised. In 
general, a decrease of 13.24% in pressure drop is observed when comparing a HP of 200 W to a HP 
of 100 W. The significance of this particular form of pressure drop is highly relevant in the 
investigation of small channel heat sinks, as the determination of pumping power required is 
contingent upon the measurement of pressure drop. 
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Fig. 11. Heating influence on pressure decline, depicted as pressure 
decline against Reynolds number 

 
5.2.7 Local base temperature 
 

The measurement of local base temperature is a crucial factor in evaluating the effectiveness of 
coolant in maintaining optimal performance across the whole heat sink. As the coolant flows through 
the channel, it undergoes heat absorption, resulting in a gradual increase in local temperature from 
the input to the outlet. As a result, the efficiency of heat absorption by the coolant decreases as it 
progresses towards the outlet. The axial rise of the base temperature of the heat sink is illustrated in 
Figure 12(a) to Figure 12(c). 
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Fig. 12. Local base temperature, depicted in terms of 
temperature against Reynolds number 

 
5.2.8 Ratio modification 
 

The thermal enhancement of TiO2 nanofluid, in comparison to distilled water, is illustrated in 
Figure 13. The findings suggest that the thermal performance of TiO2 nanofluid is significantly 
influenced by the level of heating power, with more efficient heat transfer characteristics observed 
at lower heating power levels. As a result, Configuration A demonstrates a maximum enhancement 
of 19.59% for a heating power of 100W. However, the enhancement decreases to 12.64% and 7.34% 
for heating powers of 200W and 300W, respectively. The enhancement of Configuration B decreases 
to 8.15%, 6.83%, and 2.54% when the heating power is set to 100W, 200W, and 300W, respectively. 
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The enhancement of Configuration C decreases to 5.34%, 3.67%, and 1.21% when the heating power 
is set to 100W, 200W, and 300W, respectively. 
 

 
Fig. 13. Graph represents a comparison of TiO2 nanofluid 
with distilled water, depacted as Nusselt number ratio 
against HP 

 
6. Conclusion 
 

This study examined the HT and pressure drop properties of distilled water and TiO2 nanofluid in 
three different minichannel configurations with a hydraulic diameter of 1.2 mm. The investigation is 
conducted at HPs of 100 W, 200 W, and 300 W. The study of experimental outcomes yields several 
significant conclusions and can be concluded as follows. The Nusselt number remained unaffected 
by variations in HP when distilled water was employed as a coolant. Further, the performance of TiO2 
nanofluid is enhanced at reduced HP due to the increased stability of nanoparticles when combined 
with the base fluid. As a result, there has been a significant increase of 19.59% regarding 
Configuration A, specifically pertaining to the utilization of distilled water with a HP of 100 W. The 
increase of Configuration B decreases to 8.15%, 6.83%, and 2.54% for heating powers of 100W, 
200W, and 300W, respectively. The enhancement of Configuration C decreased to 5.34%, 3.67%, and 
1.21% when the HP was set to 100W, 200W, and 300W, respectively. An increase in the base 
temperature was noticed when TiO2 nanofluid was circulated throughout the length of the heat sink. 
This phenomenon can be attributed to a reduction in the specific heat of the nanofluid. The minimum 
wall temperature was recorded as 40°C when employing TiO2 nanofluid at a Reynolds number of 
1100, corresponding to a heating power of 100 W. Ultimately, as the HP increases, there is a 
corresponding decrease in the pressure drop across the channels. This phenomenon occurred due to 
a reduction in the fluid density as the heating power was raised. Consequently, an increment in 
pressure dicline of 12.34% is seen while utilizing distilled water at a heating power of 100W compared 
to a HP of 300W. 
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