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The aim of this study is to investigate the thermal performance of water-based
Carbon Nano Material (CNM) nanofluids, particularly in the convective heat
transfer coefficient (h) parameter, and to analyze the effects of nanoparticle
concentration and flow rate on an experimental heat transfer system. To
achieve this, the researchers prepared the nanofluid through a 2-step method.
In the first step, we mixed the nanoparticles with the base fluid using a magnetic
stirrer to ensure homogenization, with the CNM-Water ratio set at 30, 75, 120, and
150 ppm. In the second step, we characterized the prepared samples, determining
their size, composition, and particle morphology through PSA and SEM-EDX
examination, as well as measuring their density (ρ) and specific heat (Cp). The
experiments were carried out using a flow rate simulation test rig with a data
acquisition system, at different flow rates of 0.2, 0.6, 1, and 1.4 L/min. Temperature
(T) was measured at the inlet, outlet, and heater to determine the convective heat
transfer coefficient value. The study successfully investigated the direct impact of
CNM concentration and flow rate, with the results showing a consistent and
expected value of the coefficient compared to previous studies. The highest
coefficient value was observed at 150 ppm CNM-Water ratio and a flow rate of
1.4 L/min, with a value of 1825.37 W/(m2.K).
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1 Introduction

High-performance cooling is a very vital requirement in various industries, cooling is
needed to maintain the performance and reliability expected from a product such as
computers, high-power electronic equipment, and vehicle engines. Conventional
techniques commonly used for the optimization of heat transfer systems include
increasing the surface area of the device and adjusting the fluid flow velocity. The main
limitation in the previous cooling technology was related to the low thermal conductivity of
the base fluid used, so that new technologies such as conventional solid-liquid suspension
were developed by adding millimeter or micrometer-sized solid particles to the base fluid and
applications such as micro-solids channeling. The early generation technology is fraught
with a range of issues such as rapid agglomeration rates, wear and tear on cooling
installations due to friction, blockages in micro-channels, and limitations in the
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maximum performance of micro-channels. In addition, the
conventional liquid suspension method that involves adding a
large number of particles (>10% of the total volume) is
considered inefficient, as it results in a decrease in pressure and
requires greater pumping power. These challenges have necessitated
the exploration of alternative approaches to cooling technology that
are more efficient and effective. With the technological trend of
device/product miniaturization, the complexity of cooling problems
will also increase in various industries. Therefore, nanofluid
applications are being developed to find solutions to problems in
the heat transfer field. Nanofluid is a two-phase liquid and solid
mixture that is engineered by dispersing nano-sized particles in a
base fluid. The main dimensions of the particles used are less than
100 nm which can be in the form of nanoparticles, nanotubes,
nanofibers, nanowires, or nano rods. It is known that several
types of particles that have been studied in the literature include,
non-metallic particles (SiO2 (Logesh et al., 2019), SiC (Huminic
et al., 2017), TiO2 (Murshed et al., 2005), Al2O3 (Babu et al., 2020),
ZnO (Kole and Dey, 2012), CuO (Said et al., 2019), Fe3O4 (Zhu et al.,
2006) and AIN (Wozniak et al., 2013)) and metallic particles (Cu
(Eastman et al., 2001), Ag (Patel et al., 2003) and Au (Chen et al.,
2017)). While the basic fluid types commonly applied to cooling
systems include oil, water, organic glycol liquid, refrigerant, polymer
solution, biofluid, and mineral oil.

The focus of this research is to investigate the thermal
performance of Carbon Nano Material (CNM) nanofluids, which
has not been extensively explored in previous studies. The research
novelty lies in the use of experimental methods to examine the effect
of flow rate and CNM concentration on the base fluid, water. By
conducting experiments to evaluate these parameters, the study aims
to provide insights into the potential of CNM nanofluids in
enhancing the heat transfer efficiency in various applications.
CNM is a nanostructured material with good mechanical,
thermal, and electrical properties, which can consist of single-
walled or multi-walled nanotubes. CNM has unique properties
that are considered suitable for optimization or improvement of
device performance which include having the behavior of
semiconductors or metals, being stronger than steel but lighter
than aluminum, being able to conduct heat more efficiently, and
having high stability with excellent electrical and unique optical
properties.

Abed et al. (Abed et al., 2020) conducted a study on the heat
transfer behavior of nanofluid superposed porous-nanofluid layer in
a circular cylinder tube, where a significant increase in convective
heat transfer was observed, depending on the flow conditions and
CNT concentration. In another study, Nazari et al. (Nazari et al.,
2014) aimed to investigate CPU cooling using alumina and CNT
nanofluids, and compare the results with the cooling performance of
pure base fluids, namely, water and ethylene glycol. Their findings
showed an optimal heat increase of approximately 13% for a
nanofluid CNT with a volume fraction of 0.25% at a flow rate of
21 mL/s. These studies demonstrate the potential of nanofluids in
enhancing heat transfer in cooling systems and provide valuable
insights for future research in this field.

Several studies related to CNTs have been conducted including
by Kumaresan, V et al. (Kumaresan et al., 2013) who investigated the
heat transfer characteristics of CNT-based nanofluids by varying the
length of the tubular for cooling or heating applications. Nanofluid

was prepared by dispersing Carbon Nanotube multi-wall
(MWCNT) in a mixture of water-ethylene glycol with a volume
ratio of 70:30, resulting in an increase in the Prandtl number
compared to the base fluid of 115.8% at 0°C and 180.2% at 40°C
with a volume of 0.45% MWCNT. Then (Van Trinh et al., 2018)
conducted research on ethylene glycol (E.G.,)-based nanofluids
made from hybrid Gr-CNT obtained by combining CNT-OH
and Gr-COOH solutions using the ultrasonication method
without surfactants. Nanofluid containing a volume of 0.07% Gr-
CNT showed an increase in thermal conductivity of 18% and 50% at
30°C and 50°C, respectively. Dalkılıç, Ahmet Selim et al. (Dalkılıç
et al., 2018) are also known conducted an experiment to optimize the
thermal conductivity of CNT-SiO2 based on distilled water from
previous research. The experimental results showed that all samples
with a volume fraction of 1% or higher experienced an average
increase of 20.13%. The maximum increase in thermal conductivity
of 26.19% was found in the volume fraction of 0.8 CNT: 0.2 SiO2.
Habeeb et al. (Habeeb et al., 2019) optimized the finned-tube with
twisted tape by applying a Al2O3 - water nanofluid with CFD
modeling of laminar flow and heat transfer, resulting in an
increase in the nusselt number of 18% at Re = 2290 compared to
distilled water without nanoparticles and has a further increase
when using a wire coil with no significant pressure drop. Duan,
(Chougule et al., 2016), analyzed the effect of deionized water-based
CNT-Al2O3 nanofluids in a thermoelectric cooling system. This
study concludes that nanofluids can significantly improve cooling
performance in natural circulation mode. Under the same working
conditions, the CNT nanofluid has the largest heat flux density,
which is 55% higher than the base fluid and has the ability to
withstand freezing so that it can work more effectively.

Muruganandam, (Duan et al., 2017), conducted an experimental
investigation of the two-step nanofluid method at volume
concentrations of 0.1, 0.3, 0.5% with the addition of sodium
dodecyl butane sulfonate (SDBS) as a stabilizer. 0.3% nanofluid
shows the best stability, has better mechanical efficiency and fuel
consumption than water as coolant. Masoud Hosseini,
(Muruganandam and Mukesh Kumar, 2020), conducted a
simulation-based analysis on a heat exchanger. In one study, the
total heat transfer coefficient was found to increase by 6% at a CNT
volume fraction of 0.278% and a mass flow rate of 45 kg/s. This
result highlights the potential of nanofluids to enhance heat transfer
in cooling systems. In another experiment, (Masoud Hosseini et al.,
2016), investigated the thermal conductivity of three types of CNT
nanofluid concentrations, ranging from 0.05% to 0.48% by volume,
at temperatures of 10°C–60°C. These findings offer valuable insights
into the relationship between CNT concentration and thermal
conductivity, which is an important factor to consider when
designing and optimizing cooling systems. The results show that
the thermal conductivity capacity of nano CNT fluids is higher than
that of base fluids and is highly dependent on aspect ratio,
concentration, and temperature. (Xing et al., 2016). investigated
the heat transfer coefficient and pressure drop characteristics in
CNT-water-based nanofluids in a double pipe heat exchanger. The
results show that the addition of CNT can increase the thermal
conductivity up to 56% at a volume fraction of 0.3% and has a higher
convective heat transfer coefficient than water as the base fluid.
Babu, K (Sarafraz et al., 2016) studied the effect of concentration and
agitation of Carbon Nanotubes on the rate of heat transfer during
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the cooling process. The results showed that the heat flux increased
with increasing CNT concentration up to 0.5% then started to
decrease with further increase in concentration.

Aghabozorg, (Babu and Prasanna Kumar, 2011), in their
research investigated the optimization of Fe2O3 - CNT magnetic
nanoparticles in horizontal shell and tube heat exchangers under
laminar, transient, and turbulent flow with different temperature
variations. From the observations, it is known that the Fe2O3 - CNT
nanofluid hybrid shows a higher heat transfer coefficient than
distilled water as the base fluid with the highest increase of
37.50% at a volume concentration of 0.2%. (Aghabozorg et al.,
2016). investigated the effect of surface modifications (surfactants,
acids, bases, amides, sulfates) on multi-walled Carbon Nanotubes
regarding the stability of CNT dispersion in aqueous media and
thermal conductivity. Treatment with Sodium Dodecyl Sulfate
(SDS) showed an increase in conductivity, with the highest value
of 0.765 W/mK and an increase of 24.9% compared to the base fluid.
Kumaresan, V (Ghozatloo et al., 2014) conducted a study with the
aim of measuring and analyzing the thermophysical properties of
CNT-based water and ethylene glycol alloy experimentally at
various temperatures. The maximum increase in thermal
conductivity occurs at a temperature of 40°C with a volume
fraction of 0.45%, which is 19.75%. (Kumaresan and Velraj,
2012). studied the thermal conductivity and viscosity of water-
based multi-wall CNTs as base fluids on various geometric
characteristics with a volume fraction of 0.5%. The experimental
results show that the thermophysical properties of nanofluids are
related to geometric characteristics. In his research, the maximum
increase that can be achieved is 36% (Salawu et al., 2023) in their
study, SWCNT-Ag and MWCNT-MoS4 based nanofluids were
prepared in engine oil. The results show that the increase in
Prandtl number, as well as the inclusion of the viscoelastic term
and elastic deformation, result in decreased heat distribution for
both SWCNT-Ag and MWCNT-MoS4 hybrid nanofluids. In order
to understand the behavior of nanofluids, (Kiran Kumar et al., 2023),
conducted an investigation into their movement, analyzing factors
such as velocity, temperature and concentration. The findings
indicated that elevated temperatures and concentrations yield
slower velocities, while greater velocities are attained with higher
radiative heat flux or nanoparticle volume fraction.

Based on the above literature descriptions, this study aims to
investigate the effect of the heat transfer performance of CNM-
Water nanofluids on a cooling simulation system by adding the
volume of the CNM fraction and regulating the flow rate of
nanofluids and then comparing it with the base fluid. The
nanofluid used in this research shows potential for application as
a cooling liquid in lithium-ion batteries.

2 Methods

This research uses literature study and experiment method. The
nanoparticles prepared are Carbon Nano Material (CNM) produced by
the Vendor. The characteristics to be studied in nanofluids are particle size,
morphology, and chemical composition, and property measurements
including density and specific heat, then temperature data collection at
the inlet, outlet, and heating elements to determine the value of the heat
transfer coefficient. TheCNM-water nanofluidwill be applied to aflow rate

simulation tool with variations in CNM concentration and a certain flow
rate with the aim of testing the effectiveness of the nanofluid used as a
working fluid and compared with water.

2.1 Sample characterization

Particle size analysis (PSA)was carried out using a PhotonCorrelation
Spectroscopy then the morphology and surface topology were examined
with a Scanning Electron Microscopy (SEM) instrument by scanning a
focused electron beam on the surface and chemical composition was
examined by Energy Dispersion X-Ray (EDX) examination.

Identification of nanoparticle size was carried out using the Photon
Correlation Spectroscopy instrument. Measurements took place at a
temperature condition of 25.1°C, refractive index 1.3328, viscosity
0.8858 cP, and scattering intensity 11,001 cps in a water solvent. It is
known from the measurement results as can be observed in Figure 1
that the size of the nanoparticles used in this study has an average size of
74.7 nm with a polydispersity index of 0.323.

In SEM analysis, the electron beam is scanned in a rectangular
pattern (raster scan). In this process, the position of the beam is
combined with the detection signal to produce a high-resolution
image. During this process, the sample is observed at a magnification
of up to 50 nm to determine the shape of the particles. EDX analysis
was carried out in the range of 0–20 keV, the results revealed the
presence of carbon (C) elements and it was known that there were
impurities including aluminum oxide (Al2O3), Calcium Oxide
(CaO), and Zinc Oxide (ZnO). The percentage by weight of
Carbon calculated from the EDX analysis was 96.61% by weight
(0.277 keV). SEM-EDX analysis confirmed that the sample prepared
was CNM with a purity level >90% as can be seen in Table 1.

2.2 Sample property measurement

Measurement of water quality that will be used as the base fluid
in this study using a TDS meter, the TDS value is limited to no more
than 50 ppm. The density value of the base fluid was measured using
a pycnometer or a specific gravity bottle volume of 25 mL. To
measure the density of a sample, a pycnometer was used. The
weight of the pycnometer and cover was measured before
inserting the sample. The sample was inserted until the capillary
tube was filled, and the weight was measured again. At least three
measurements were taken to ensure accuracy before calculating the
density of the sample.Figure 2, Figure 3.

In this study, the CNMdensity value obtained theoretically through
literature study, it is known that in graphite, the graphene layers are
connected by brittle van der Waals (vdW) bonds. vdW bonds exist in
various molecules and nanostructures (D’Amico and Sharapov, 2004),
these bonds are generally longer than covalent bonds, vdW bonds arise
from attractive and repulsive forces while the radius vdW is half of the
bond length (Holwill, 2019). In the Carbon study, the value of the radius
vdW that has been reported is around 0.17 nm (Pauling, 1931). The
unit cell of graphite has a lattice constant, a = 0.246 nm, c = 0.671 nm
and the distance between planes in graphite is c/2 = 0.335 nm, which is
the bond length vdW. Half of this value is the radius vdW, R vdW =
0.168 nm. Then through equations 7, equations 8, and equations 9
mathematically obtained the value of CNM density is 2.28 g/cm3. The
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measurement of the specific heat of the basic fluid in this study uses an
aluminum calorimeter as shown in Figure 3.15 with a minimum of
3 data collection times. The data will be used is the mass of a substance
(empty mass of calorimeter, the sample mass of cold, heat the sample
mass), temperature (the temperature of the cold early, early summer
temperature, and the temperature of the mixture) and Cp Calorimeter
which the value of the amount already known. Calculation of specific
heat is based on the black principle where Q received is proportional to
Q released. In this study, the specific heat value of CNM was obtained
through data from previous research conducted by, which was 0.73 J/
gr°C (Alvarez, 2013). The measurement results can be observed in
Tables 2, Table 3.

2.3 Nanofluid preparation

A two-step method was employed to produce the nanofluid. In
the first stage, a water-based fluid and CNT dispersion were

prepared with concentrations of 30, 75, 120, and 150 ppm, which
were determined based on previous studies. For the second stage, a
magnetic stirrer was used to mix the nanofluid for approximately
15 min to ensure homogeneity, as illustrated in Figure 4. The
deposition rate of the sample was then observed, and
precipitation was detected when the liquid boundary line began
to form. Table 4.

2.4 Experimental process

The research investigates the performance of nanofluids using a
specially designed test device that simulates a cooling system. The
device, shown in Figure 5, comprises a closed-loop flow with a
circulation pump, flowmeter, water block, air cooler, thermoelectric
cooler, vibration bath, and four temperature sensors. Two
ds18b20 sensors are located at the water block inlets, one
ds18b20 sensor is placed in the microchannel heat sink area to
measure the fluid temperature, and a max-6675 sensor is used to
measure the heating element’s wall temperature. The heating
element is made of an aluminum heater plate that measures 21 ×
36 × 5 mm and operates at a constant power of 30 W. To ensure
efficient heat transfer, the heater plate is coated with thermal paste
and affixed to the water block wall.

The experimental setup involves circulating 200 mL of fluid
through the system using a DC pump with a maximum capacity of
4 L/min. The fluid flows from the vibration bath to the water block
to absorb heat, then passes through the air cooler and TEC cooler for
cooling. Multiple sensors are integrated with an Arduino-based data
acquisition system, programmed using node-red, a flow-based

FIGURE 1
CNM nanoparticle examination results.

TABLE 1 Chemical composition of the test sample (wt%).

No. Sample Component Unit Value Test method

1 Carbon C % Mass 96.61 SEM-EDX

Al2O3 2.28

CaO 0.41

ZnO 0.71
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programming tool. The system can bemonitored in real-time via the
node-red dashboard. To vary the flow rate, the pump motor’s
rotation is adjusted using a variable speed drive with four flow

rate variations (0.2, 0.6, 1, and 1.4 L/min). After ensuring steady-
state conditions for 600 s, sensor data is collected for each flow rate
and concentration volume, and the readings are saved automatically
in a CSV file.

3 Data processing

Equation 1 is used to determine the nano volume concentration
of the fluid.

θ � mn/ρn
mn/ρn +ml/ρl

(1)

Where θ are the volume fractions of the particles, mn and ml are
the masses of the nanoparticles and the base fluid, respectively, while
ρn dan ρl are the densities of the nanoparticles and the base fluid,
respectively.

The heat transfer coefficient from the working fluid to the heat
sink or water block is one of the important parameters in the
investigation of the performance of nanofluids, it can be
determined using a theoretical approach through Equation (2)
(Pradhan et al., 2009) based on Newton’s law:

q � h.A.ΔTm (2)
Where q is the heat transfer rate, h is the convective heat transfer

coefficient, A is the area and ΔTm is the average temperature
difference between the wall and the fluid in direct contact with
the wall.

In this study, the temperature of the wall and heating element is
assumed to be the same and applied using thermal paste, so that
Twall = Theater. While ΔTm can be known through Equation (3)
(Pradhan et al., 2009).

ΔTm � Tout − Tin

ln Theater−Tin
Theater−Tout

(3)

Where Tin and Tout are the temperatures of the fluid at the inlet
and outlet of the water block, while Theater is the temperature of the
heating element.

The temperature of the nanofluid will increase when it passes
through the water block, so the heat absorbed by the nanofluid can
be expressed in Equation (4) (Pradhan et al., 2009).

q � ρnf .Q.Cnf Tout − Tin( ) (4)
Where Q is the flow rate, while ρnf and Cnf are the density and

specific heat of the nanofluid, each of which values are obtained
through sample testing with a pycnometer and calorimeter. It can be
expressed through Eq. 5, Eq. 6 (Rafati et al., 2012).

Cnf � θ.Cnp + 1 − θ( )Cbf (5)

CNM density in this study is defined as the total mass of carbon
atoms in a closed volume. To calculate the hexagon area (A) and
surface density (Sd) expressed in Eq. 7 and Eq. 8:

A � 3
�
3

√
2

b2 (6)

Sd � 2 Mw
Na

A
(7)

FIGURE 2
SEM Image CNM, (A)-(B) Surface morphology of CNM on a scale
of 5 m and 100 nm, (C) Dimensions of length and size of CNM
nanoparticles on a scale of 50 nm, (D) Histogram of diameter
distribution of CNM nanoparticles.
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It is known that in each hexagon there are 2 full carbon atoms.
The CNM density can be expressed through Equation (8):

ρnp �
Sd
h

(8)

Where h is the distance between layers known to 0.335 nm
(Zhao et al., 2019), Mw is the mass of a carbon atom and NA is
Avogadro Number. b is the CC bond length which is equivalent to
0.142 nm (RozpŁoch et al., 2007).

Through Eq. 2, Eq. 3, the convective heat transfer coefficient can
be expressed in Equation (9) (Pradhan et al., 2009).

h � ρnf .Q.Cnf Tout − Tin( )
A Tout−Tin

ln
Theater−Tin
Theater−Tout

(9)

The convective heat transfer coefficient is known to be a
function of the Reynolds Number, Prandtl Number, and
Nusselt Number, the correlation is shown through
Equations 10–13:

Re � Q.Dh

v.A
(10)

Pr � μ.Cp

k
(11)

Nutur � 0, 037.R0,8
e Pr

1 + 2, 443.R−0,1
e Pr

2
3 − 1( )

(12)

h � Nu
k

Dh
(13)

Where, Q is the flow rate, Dh is the hydraulic diameter, v is the
kinematic viscosity, A is the cross-sectional area, is the dynamic
viscosity, Cp is the specific heat and k is the thermal conductivity.

4 Uncertainty analysis

The lack of precise knowledge about the true value of the
measurand is reflected in the uncertainty associated with the
measurement result. Even after correcting for known systematic

FIGURE 3
EDX examination results for CNM nanoparticles.

TABLE 2 Thermo-physical properties of water and CNM.

Properties Density, ρ (gr/cm3) Specific heat, Cp (J/gr °C)

Water (Khartchenko & Kharchenko, 2020) 1.00 4.2

CNM 2.28 0.73

TABLE 3 Thermo-physical properties of CNM nanofluids.

Properties (ppm) Density, ρ (gr/cm3) Specific heat, Cp (J/gr °C)

30 1.0012 4.196

75 1.0032 4.191

120 1.0051 4.186

150 1.0064 4.182
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effects, the measurement result remains an estimation of the true
value of the measurand due to uncertainties arising from random
effects and imperfect correction for systematic effects. To assess the
uncertainty in the experimental data, a type A evaluation method
was employed, which involves statistical analysis of a series of
observations (JCGM, 2008:100, 2008; Willink, 2022).

The quantity Y, which represents the measurand, is not directly
measured but is instead calculated based on N other quantities (X1,
X2, ., XN) using a functional relationship denoted as f.

Y � f X1, X2, . . . , XN( ) (14)
y � f x1, x2, . . . , xN( ) (15)

y � �Y � 1
n
∑
n

k�1
Yk � 1

n
∑
n

k�1
f x1,k, x2,k . . . ..xN,k( ) (16)

�Xi � 1
N

∑
N

k�1
Xi,k (17)

Equation 14 can be used to estimate the value of the
measurand Y, indicated by the symbol y, by providing input
estimations for the values of the N quantities X1, X2,., XN. As a
result, Eq. 15 provides the output estimate y, which is the
outcome of the measurement. The estimate y may be obtained
from Equation 16.

In other words, y is considered to be the arithmetic mean or
average of n independent determinations of Yk, each of which was
based on a full set of observed values for the N input quantities Xi

collected at the same time and had the same level of uncertainty.
Instead of y = f ( �X1, �X2 . . . . �XN), where �X determined from
Equation 17, use this method of averaging. The arithmetic
mean of each observation Xi,k is represented by �X. When f is
a nonlinear function of the input values X1, X2,., XN, can be
preferred, but the two strategies are equivalent if f is a linear
function of Xi.

The estimated standard deviation associated with each input
estimate xi, known as standard uncertainty and represented by u(xi),
is used to calculate the estimated standard deviation associated with
the output estimate or measurement result y, known as the
combined standard uncertainty and denoted by uc(y).

The arithmetic mean or average �q of the n observations serves as
an estimate of the expectation or expected value µq of a quantity q
that varies randomly and for which n independent observations qk
have been gathered under the identical measurement conditions. It
can be calculated by using Equation 18. The arithmetic mean Xi

produced from Eq. 18 is utilized as the input estimate xi in Equation
15 to determine the measurement result y, i.e., xi = Xi , for an input
quantity Xi estimated from n independent repeated
observations Xi,k.

Equation 19 provides the experimental variance of the
observations, which approximates the variance σ2 of the
probability distribution of q. Due to random fluctuations in the
influence quantities, each observation qk has a different value. The
variability of the observed values qk, or more precisely, their
dispersion around their mean �q, is characterized by this estimate

FIGURE 4
Preparation of nanofluid, (A) Magnetic stirrer, (B) Nanofluid
CNM-Water 1 day old, (C) 30 days old.

TABLE 4 Uncertainty in the mean analysis.

Parameters Uncertainty of mean

Heat transfer coefficient (Q = 0.2 lpm) ±0.276

Heat transfer coefficient (Q = 0.6 lpm) ±0.405

Heat transfer coefficient (Q = 1 lpm) ±0.231

Heat transfer coefficient (Q = 1.4 lpm) ±0.252
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of variance and its positive square root s(qk), known as the
experimental standard deviation.

�q � 1
n
∑
n

k�1
qk (18)

S2 qk( ) � 1
n − 1

∑
n

j�1
qj − �q( )

2
(19)

S2 �q( ) � S2 qk( )
n

(20)

Equation 20 provides the most accurate estimate of σ2(�q) = σ2/n,
the variance of the mean. Both the experimental variance of the
mean s2(�q) and the experimental standard deviation of the mean
s(�q), which are equal to the positive square root of s2(�q), quantify
how accurately q estimates the expectation µq of q, and either one
may be used as a measure of the uncertainty of q.

As a result, the standard uncertainty u(xi) of an estimate of an
input quantity Xi derived from n independent repeated observations
Xi,k is u(xi) = s(Xi), with s2 (Xi) obtained using Equation 20.
Conveniently, Type A variance and Type A standard uncertainty
are also referred to as u2 (xi) = s2(Xi) and u(xi) = s(Xi), respectively.

5 Result and discussion

This study experimentally investigates the impact of varying
concentrations of CNMnanoparticles in water-based fluids and flow
rate on thermal performance. The convective heat transfer
coefficient is the key parameter used to assess the thermal
performance, and its value is determined using experimental and
mathematical data (Patel et al., 2003; Nazari et al., 2014). Figure 6
depicts the convective heat transfer coefficient of water-based CNM
nanofluids at different mass-volume ratios and flow rates. The
experimental findings indicate that the convective heat transfer
coefficient increases considerably with an increase in the mass-
volume ratio and flow rate. For instance, at a flow rate of 0.2 L/min,
the addition of 30 ppmCNMnanofluid led to a 41.6% increase in the
convective heat transfer coefficient, while the addition of 75 ppm,

120 ppm, and 150 ppm increased the coefficient by 44.8%, 15.1%,
and 10.4%, respectively. Notably, the water-based fluid
demonstrated better performance than the CNM fluid with a
ratio of 30 ppm at a flow rate of 0.2 L/min and 0.6 L/min, while
a higher flow rate of 1.4 L/min increased the heat absorption rate of
the working fluid and improved the heat transfer process. Another
researchers were given the same results (Kumaresan et al., 2013; Van
Trinh et al., 2018).

Figure 6B shows the increase in heat transfer at a flow rate of
0.6 L/min. The CNM fluid with a concentration of 30 ppm showed a
95.6% increase in comparison to the base fluid. With the addition of
a mass-volume ratio of 75 ppm, the increase was 57.1%. For the
concentration range of 75–120 ppm and 120–150 ppm, the increase
was 39.7% and 24.4%, respectively. It can be observed that at a flow
rate of 1.4 L/min, the pure water base fluid has a higher thermal
performance compared to CNM fluid with a concentration of
75 ppm at a flow rate of 0.2 L/min. The increase in thermal
performance can be further observed in Figure 4.6.c. For a flow
rate of 1 L/min, there is an increase in the convective heat transfer
coefficient of 59.4% at a ratio of 30 ppm compared to pure water as a
working fluid. The ratio range of 30–75 ppm of CNM fluid increased
by 47.1%. The addition ranges of 75–120 ppm and 120–150 ppm
increased by 37% and 38.9%, respectively. According to Figure 6C,
the base water was delivered at a concentration higher than 120 ppm
CNM nanofluid at flow rates of 1.4 and 0.2 L/min. The thermal
performance of the base fluid was increased by 82.5% with the
addition of a mass-volume ratio of 30 ppm at a flow rate of 1.4 L/
min, as shown in Figure 6D. Furthermore, an addition of 30–75 ppm
increased the thermal performance by 50%. The increase in thermal
performance can be observed with the addition of 75–120 ppm and
120–150 ppm, which resulted in a 28.1% and 21.5% improvement,
respectively. However, at flow rates of 0.4 and 0.2 L/min, the thermal
performance of the 150 ppm CNM nanofluid was lower than that of
pure water. The thermal performance was enhanced by the inclusion
of 30, 75, 120, and 150 ppm of CNM, with values of 72%, 74.9%,
84.3%, and 93.2%, respectively, observed within the flow rate range
of 1–1.4 L/min. These findings indicate that changes in flow rate can
significantly impact the thermal performance of the system.

FIGURE 5
Cooling system schematic diagram of simulation tool.
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Previous studies have examined the mechanism for increasing
the thermal performance of nanofluids, particularly in regard to the
intrinsic thermal performance of nanoparticles, their size and shape,

their dispersion, and Brownian motion. The most important and
primary factor is the high thermal performance of the nanoparticles
themselves, with C, Al2O3, CaO, and ZnO known to have high

FIGURE 6
Comparison of convective heat transfer coefficient values for
base fluids and CNM Nanofluids at the ratio: (A) 30 ppm, (B) 75 ppm,
(C) 120 ppm, (D) 150 ppm.

FIGURE 7
Function of mass-volume ratio of CNM to convective heat
transfer coefficient at flow rates: (A) 0.2 L/min, (B) 0.6 L/min, (C) 1 L/
min, (D) 1, 4 L/min.
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thermal performance, and with a synergistic effect among these
nanoparticles producing nanofluids with higher thermal
performance (Dresselhaus et al., 1995). More specifically, this
increase in thermal performance can be attributed to several
factors. One is the excitation of Low-Frequency Phonon (LFP)
induced by Carbon Nano Material, which redistributes LFP to
the carbon atom interface, activating LFP resonance with other
nanoparticles, such as Al2O3, CaO, and ZnO, resulting in more heat
transfer upon contact (Ma et al., 2020). Another factor is related to
mass concentration, where as the distance between particles
decreases, more particles come into contact with each other,
increasing the frequency of lattice vibrations, and thus thermal
performance (Qiu et al., 2020). A third factor is the effect of
particle size; according to Brown’s theory, smaller particles in a
fluid move faster, leading to higher energy transfer within the fluid
(Manasrah et al., 2016; Qiu et al., 2019). As the flow rate increases,
the Brownian motion of the nanoparticles becomes more active,
resulting in a significant increase in the convective heat transfer
coefficient. The flow rate is related to the Reynolds number, and
according to Equation (11), the microchannel area exhibits
characteristics of turbulent flow, with intense mixing and
disorderly vectors, leading to increased friction between the
dispersed C, Al2O3, CaO, and ZnO particles in the water-based
fluid and the microchannel walls. The higher the particle
concentration and flow rate, the greater the frictions, resulting in
an increase in the heat transfer coefficient. The result was confirmed
by (She and Fan, 2018).

Figure 7 illustrates the changes in the heat transfer
coefficient resulting from the addition of mass-volume
ratios of 30, 75, 120, and 150 ppm to the water-based fluid.
Adding CNM mass-volume ratios is known to enhance the
convective heat transfer coefficient parameters, as expected
and confirmed by the experimental results of several previous
researchers.

The flow rates of basic fluid and nanofluid in this study were
determined respectively 0.2, 0.6, 1, and 1.4 L/min. The
experiment was carried out at room temperature 26°C. It can
be observed at a flow rate of 0.2 L/min, it is known that the
average value of the heat transfer coefficient for pure water is
100.02 W/(m2.K). and increased with the addition of the CNM
mass-volume ratio of 30, 75, 120, and 150 ppm respectively as
shown in Figure 7A. The highest coefficient value was obtained
for nanofluids with a CNM ratio of 150 ppm of 281.72 W/
(m2.K). Figure 7B shows that an increase in the coefficient of
heat transfer occurs as the flow rate increases, with the
maximum value observed at 0.6 L/min. This increase is
related to the presence of Brownian motion resulting from
the small size of the nanoparticles, which accelerates heat
transfer through intermolecular motion. The highest
coefficient value occurs at the 150 ppm CNM ratio, with an
average of 766.82 W/(m2.K).

Figures 7B,C show a tendency for the performance trend of the
CNM nanofluid with a 75 ppm ratio to decrease at flow rates of
0.6 L/min and 1 L/min, although the decrease is insignificant. This
tendency may be related to the instability of the suspension of
nanoparticles in the base fluid, with the possibility of agglomeration
along the tube path and in the microchannel area. A similar
observation was made for the CNM ratio of 120 ppm at a flow

rate of 1 L/min. This observation is consistent with the data on
nanofluid samples, where separation occurs or a boundary line
appears at the CNM ratio of 75 and 120 ppm after 30 days of
sample age. The highest heat transfer coefficient value at a flow rate
of 1 L/min occurs at a 150 ppm CNM ratio, with a value of
1280.26 W/(m2.K). At a flow rate of 1.4 L/min, Figure 7D shows
a significant increase in the coefficient value for each addition of the
CNM mass-volume ratio. The highest value is obtained with the
addition of the 150 ppm CNM ratio, which is 1825.37 W/(m2.K).

It is known from the results of this study that the heat transfer
rate increases with the addition of the mass of nanoparticles and the
flow rate compared to the water-based fluid. The amount of heat that
can be transferred per unit time is also greater, and this has an
impact on decreasing the temperature on the heating element side,
as observed in Figure 8. It can be said that the addition of CNMmass
to the base fluid and adjusting the flow rate can improve the heat
transfer performance.

Based on the study, the most optimal thermal performance was
achieved using a 150 ppm CNM fluid at a flow rate of 1.4 L/min,
which resulted in a convective heat transfer coefficient 1825.37 W/
(m2.K) higher than water at the same flow rate of 426.75 W/(m2.K).

6 Conclusion

The experimental results of this study on CNM-Water
nanofluids in a cooling system, prepared using a one-step
magnetic stirrer method, revealed a significant increase in
convective heat transfer coefficient compared to water,
particularly at a mass-volume ratio of 150 ppm and a flow rate of
1.4 L/min, with a heat transfer coefficient value of 1825.37 W/
(m2.K). Nano fluids containing more than 120 ppm CNM have a
higher thermal coefficient compared to pure water. Although cost
and stability are important factors, the findings suggest that CNM
nanofluids have great potential for use in heat-generating industrial
or electrical systems, and further research is needed to assess their
long-term stability in heat transfer systems. Additionally, plausible

FIGURE 8
The final temperature of the heating element.
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mechanisms, such as the impact of shear-induced on thermal
conductivity and the reduction of the thermal boundary layer
thickness, cannot fully account for the considerable heat transfer
enhancement observed in this work.
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Nomenclature

h Heat transfer coefficient convective (W/(m2.K))

Cp Specific heat (J/gr.°C)

T Temperature (°C)

A Surface area (cm2)

Q Flow rate (L/min)

q Heat transfer Rate (J/min)

N Number of measurement

�x Mean of value

SD Standard of deviation

σm Uncertainty of mean

θ Volume fraction (%)

ρ Density (gr/mL)

nf Nanofluid

bf Basefluid

Np Nanoparticle

in Inlet

out Outlet

ppm Part per million
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