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Abstract

This work investigates the physical-thermal properties of nanofluids made from graphene powder, propylene glycol, and water.
Propylene glycol and water were mixed in the following ratios to make nanofluids: 100:0, 75:25, and 50:50. Graphene was
added at 0.25 and 0.5% of the mixture’s volume to the three base fluids. Nanofluids’ viscosity, density, thermal conductivity, and
specific heat are studied. After mixing with graphene nanopowder, critical fluids increased in density and thermal conductivity.
Essential fluids showed these advantages. When the temperature was elevated, viscosity and specific heat decreased. Despite
constant temperatures, this was the case. Increasing graphene concentration increases thermal conductivity by 10-16%. The
viscosity of nanofluids with graphene nanopowder is less affected by temperature. As temperature rises, nanofluid density
falls. Temperature and density are inversely related; thus, this makes sense. Adding graphene to propylene glycol at different
concentrations increased its specific heat by 8—14%, depending on the concentration.
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1 Introduction

Nanotechnology may be used to change several material
properties. Nanoparticles improve cooling systems. In addi-
tion, nanotechnology has produced nanofluids. Particles are
distinct in movement and properties. Ultrafine particles
are 1-100 nm in size. Nanoparticles may have size-linked
properties that differ from microscopic particles or entire
materials. Nanoparticle research has potential mechanical,
biological, and electrical uses [1, 2]. Several disciplines
have used nanofluids for decades. They may improve indus-
trial heat transfer. Since nanofluids were invented, scientists
have concentrated more on making them heat-conducting
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than thinner. A nanofluid is a combination of nanoparti-
cles and a base fluid. According to studies [1-4], specific
heat and thermal conductivity increase with temperature on
graphene nanopowder in nanofluids. The temperature low-
ered the viscosity and density. Nanofluids offer better thermal
conductivity and viscosity than microfluidics for heat trans-
fer applications.

Scientists have studied how nanomaterials may improve
heat transfer since the 1990s. They studied heat transfer in
ultra-efficient cooling systems. Nanofluids have significant
potential for usage in electrical and chemical engineering,
automotive, construction, microelectronics, knowledge, and
other industries [17]. Numerous combinations of metal-
lic oxide nanoparticles have been used to create and test
nanofluids: CuO, Al;03, TiO,, and FezO4 nanoparticles.
A medium-sized solar thermal system’s thermic fluid must
stay liquid under high heat fluxes. Boiling and vaporization
heighten the danger of overheating and system failure. Solar
thermal heat transfer fluids need a high boiling point [18].
Assessment of the nanofluids’ thermophysical properties is
also important for determining their solar thermal suitability.

Leena et al. [3], in their work, explained the thermophys-
ical properties of TiO»/propylene glycol water nanofluids
for heat transfer applications. Naik et al. [4] investigated
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the rheological property of copper oxide nanoparticles sus-
pended in propylene glycol water-based fluids. Satti et al.
[5] in their work explained the investigation of the thermal
conductivity of propylene glycol nanofluids. It was very chal-
lenging during the study with nanofluids because of their low
heat conductivity (700 °C) and high 700 °C viscosity [6].
Thermophysical research on base fluids has been conducted
for 20 years. Adding nanoparticles to a base liquid may
increase its heat conductivity and viscosity. Nanofluids’ ther-
mal conductivity, viscosity, density, and specific gravity are
studied. Kakac et al. [7] reviewed numerous nanofluid prop-
erties. These studies discuss preparation and characterization
methods for evaluating thermal conductivity, thermophysical
properties, and convective heat transfer coefficients (HTC).
Nanofluids have a high thermal conductivity and heat trans-
fer coefficient despite a slight increase in viscosity. Das et al.
[8] explored nanofluid heat transfer. Existing theories could
not explain these nanofluids’ enhanced thermal conductiv-
ity. Liquid suspensions show no sign of a micrometer-scale
change. Pak and Cho [9] studied fluid flow and heat trans-
mission using submicron metal oxide particles. Furthermore,
nanofluids and 3% water had lower convective heat trans-
fer coefficients at a given average velocity. To achieve this,
more significant, more thermally conductive particles were
suggested. Reddy and Rao [10] studied ethylene glycol and
water at three nanoparticle concentrations. Nanofluids are
created from water, 40% ethylene glycol, and 60% water, or
ethylene glycol and water (50:50). When nanoparticle vol-
ume and temperature both increased, TC rose from 30 °C
to 70 °C. GaweZya and Jacek Fal [11] tested the viscosity,
electrical conductivity, and thermal conductivity of ethylene
glycol-coated nano-SiO2. The conductivity of nanofluids is
measured. Nanoparticle concentration increases nanofluids’
electrical and thermal conductivity and heat transfer effi-
ciency. Sharma and Raja Sekhar [12] studied water’s heat
capacity and viscosity using 48-nm alumina nanoparticles.
Nanofluids are nanoparticles in distilled water. In addition,
nanofluid viscosity was tested between 250 and 450 °C. Par-
ticle aggregation affects viscosity nonlinearly. Furthermore,
improved thermal diffusivity reduces nanofluid-specific heat.
In addition, regression equations derive viscosity and spe-
cific heat capacity using particle concentration, diameter, and
temperature. Titania-Silica hybrid nanofluid distributed in
60:40 water/ethylene glycol would boost thermal conductiv-
ity and dynamic viscosity, according to RizalmanMamat et al.
[13] Between 5 and 3% volume concentrations produced a
stable TiO,/Si0, dispersion. The thermal conductivity of
nanofluids increased with concentration and temperature.
The concentration and temperature of a nanofluid determine
its viscosity. Nanofluid dynamics remained Newtonian up
to 3% volume. Shyam Sundar et al. [14] examined alumina
nanoparticles in nanofluids. Solvents were 20-60% ethylene
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glycol and water. 0.2% to 1.6% of volume were examined
for thermal conductivity and viscosity.

In addition, the nanofluid thermal conductivity increases
with concentration and temperature. Furthermore, nanofluid
viscosity decreases with temperature and volume concen-
tration. 20:80 EG-water nanofluid thermal conductivity was
33% greater at 1.5% volume concentration and 60 °C. A
60:40 EG-water nanofluid has 2.58 times the base fluid’s
viscosity at 0 °C. Sharma et al. [15] tested nanofluids con-
taining titanium dioxide in a circular tube with turbulent flow.
Viscosity and thermal conductivity were sampled from 30 to
800 degrees Celsius. At 600 °F and 1.5 vol%, thermal con-
ductivity increased by 16%. From 30 to 700 degrees, the
relative viscosity changed by 4.6-33.3%. Nusselt increased
by 23% at 500 °C and 29% at 700C. More nanofluid increased
friction. Temperature and concentration impact nanofluids’
thermal conductivity, viscosity, and heat transfer coefficient.
Zhang et al. [16] used a transient short hot wire to measure
the thermal conductivity and thermal diffusivity of nanogold,
nanoalumina, nanotitania, and nanocopper oxide nanoflu-
ids. The smallest spherical particle measured 34 nm, largest
41 nm. Propylene glycol is the basis fluid in this study, com-
bined with graphene nanopowder, which is new. Various
quantities of water are added, and the thermal conductiv-
ity, viscosity, density, and specific heat are noted. Table 1
summarizes studies on the viscosity of nanofluids by other
researchers with the correlations proposed:

This study uses graphene powder mixed with propylene
glycol and water to create nanofluids to investigate their
physical-thermal properties. Various nanofluids were pro-
duced by mixing propylene glycol and water in the following
proportions: 100:0, 75:25, and 50:50. Increasing graphene
concentration increases thermal conductivity, whereas the
viscosity of nanofluids with graphene nanopowder is less
affected by temperature. As temperature rises, nanofluid den-
sity falls. Adding graphene to propylene glycol at different
concentrations increased its specific heat. The main objective
of the present work is to check how the nanofluid will enhance
the thermophysical properties by changing the nanopowder
concentration up to what extent there is improvement or
decrement in the properties.

2 Materials and Methodology

The main liquid ingredient in these compositions, propylene
glycol, was purchased from Naveen Chem. The International
Union of Pure and Applied Chemistry (IUPAC) describes
propylene glycol as a thick, colorless liquid with a flavor
that may be somewhat agreeable. Propane-1,2-diol is another
name for propylene glycol. The chemical formula for this
compound is CH3CH(OH)CH,OH. It is categorized as a diol
since it contains two distinct alcoholic functional groups.
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Numerous solvents, including water, acetone, and chloro-
form, may dissolve it. Glycols have very little volatility and
don’tirritate in their natural condition. There are several uses
for propylene glycol, including making polymers and using
them in the food and beverage sectors.

Atomic sheets are arranged in two dimensions in a hon-
eycomb crystal lattice to form carbon nanostructures like
graphene. To indicate the many double bonds found in
graphite, the prefix "-ene" (derived from "graphite") was
added. Each atom in a graphene sheet contributes one elec-
tron to its overall valence band, forming a solid connection
with the three bits next to it. This bonding may be found
in glassy carbon, PAHs, fullerenes, and carbon nanotubes.
Because the conduction and valence bands are in contact
with one another, graphene is a semimetal with exceptional
electrical properties that may be described using theories
for massless relativistic particles. These hypotheses help
explain the characteristics of graphene. The linear rather
than quadratic energy dependence on the momentum of
the charge carriers makes graphene field-effect transistors
capable of bipolar conduction. The material shows ballis-
tic charge transport over large distances, massive nonlinear
diamagnetism, and gigantic quantum oscillations. Heat and
electricity can be conducted exceptionally well via the
graphene plane. Because of its high ability to absorb visible
light, graphite seems entirely black. Graphene is a material,
yet a single sheet of it is so thin that it is almost transparent.
This combination is about 100 times more potent than the
stiffest steel. Due to its extraordinary tensile strength, elec-
trical conductivity, opacity, and status as the world’s most
durable material, graphene is well known as a valuable and
practical nanomaterial.

The strongest and thinnest two-dimensional material in
existence is called graphene. The majority of graphene
demand in 2012 came from the research and development
segments of the semiconductor, electronics, electric battery,
and composites industries, which helped to drive the $9 mil-
lion worldwide graphene market. Graphene nanopowder was
procured from Ultrananotech Pvt. Ltd. Graphene is > 99%
pure and has a 5-10 nm thickness. This study will examine
the physical-thermal characteristics of nanofluids made of
water, propylene glycol, and graphene powder. Using propy-
lene glycol and water in ratios of 100:0, 75:25, and 50:50,
several nanofluids were created. Each of the two distinct types
of base fluids received an addition equal to 0.25 and 0.5% of
the total volume of the combination.
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2.1 Thermal Conductivity Enhancement

A material’s thermal conductivity is a measurement that can
determine how well it moves heat by letting heat pass through
them. One of the many methods that may be used to deter-
mine this knowledge is to investigate the degree to which the

Table 1 Correlations of the viscosities of various nanofluids
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material conveys thermal energy. The temperature rise causes
an increase in the kinetic energy of the molecules. This, in
turn, leads the molecules to collide with one another more
often and at higher rates of speed. Due to this, the material can
transmit heat more efficiently. This makes it a more effective
conductor of heat. The procedure for establishing the rate
at which heat may be transferred from liquids to solids is
likely one that must be carried out over an extended period
to be successful. This is because convection is responsible
for the transfer of heat throughout the fluid while the test is
being carried out, and as a consequence, this result may be
linked to the phenomenon that convection is. This is because
convection transfers heat throughout the fluid, while the test
is carried out. However, thermal conductivity has been mea-
sured by using KD2 thermal pro analyzer.

2.2 Viscosity Measurement

In order to evaluate of propylene glycol-water nanofluid,
Redwood Viscometer was presented. However, a fluid’s vis-
cosity indicates how much it resists changing shape at a given
pace. Shear stress decreases with temperature, leading to
less viscosity. Increasing temperatures cause molecules in
aliquid to become restless and migrate. Because of the addi-
tional energy imparted by this motion, the forces that keep
the molecules together are being overcome, and the liquid
becomes less viscous and more fluid. Using phenomenolog-
ical hydrodynamic equations, Einstein [17] first determined
the effective viscosity of colloidal spherical solids. The effec-
tive viscosity of nanofluids was only measured for a small
number of nanofluids in experiments. The parameter ranges
themselves are narrow (volume concentration of the particles,
temperature, etc.). However, contrary to current theoreti-
cal predictions, actual data suggest a pattern in which the
efficient viscosities of nanofluids are greater. Einstein’s equa-
tion is employed when there are inadequate numbers of tiny
particles. Here, equation 1 represents the Einstein’s famous
formula (1).

wr =14+2.5(p) (H

2.3 Measurement of Density

Density, also known as volumetric or specific mass, is the
ratio of a substance’s mass to its volume. The Latin letter D
may also represent density, although the Greek letter (lower-
case rho) is more often employed. According to Eq. 2, density
is the ratio of mass to volume.

2

m
p=—
v
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where p is the density, m is the mass, and V is the volume.
It is common practice to mistake density for the weight per
unit volume; this value is more accurately referred to as the
specific weight. In the case of a pure substance, the mass
concentration and density are directly proportional to one
another. The density of an item may be an essential factor in
defining its buoyancy, purity, and packing, among other char-
acteristics of the object. Osmium and iridium are the elements
with the highest density known to exist under typical temper-
ature and pressure conditions. To make it easier to compare
the many different systems of units, density is sometimes
replaced by the dimensionless number "relative density" or
"specific gravity." These terms refer to the ratio of the den-
sity of the substance being measured to that of a reference
material, which is most commonly water. If a substance has
a lower relative density than water, it will float on the water’s
surface. When the temperature and pressure of a substance
are altered, the resultant change in density may be seen. This
distinction is often not apparent when referring to solids and
liquids, but it is when discussing gases. Anything subjected
to a greater force will undergo compression and grow denser.
When a material is heated, its volume often expands, which
causes the density of the substance to decrease. Because the
heated fluid has a lower density than the denser unheated
material, it rises due to convection, which is the movement
of heat from lower to higher levels in a fluid. This occurs
because the heated fluid has a greater temperature than the
unheated material. Thus, in this article, density measurement
has been measured by using Anton Paar Density meter.

2.4 Specific heat

A material’s specific heat capacity may be calculated using
the principles of thermodynamics by dividing the total heat
capacity of a sample by the sample’s mass. This yields the cp
value of the material, denoted by the symbol. To increase the
temperature of a certain mass of a substance by one degree
Fahrenheit, a particular amount of heat must be applied to it.
Consideration is given to the substance’s bulk. The symbol
for joules per kilogram Kelvin used to express specific heat
capacity is Jkg1 K. This measures how well heat is transferred
from one place to another. The energy required to raise the
temperature of one kilogram by one degree Celsius is one
joule. Consequently, water has a specific heat capacity of
4184 J kglK1 at a temperature of 1 degree Celsius.

The specific heat capacity of a substance changes depend-
ing not just on temperature but also on the state of matter the
material is in. At room temperature, liquid water has a spe-
cific heat capacity of roughly 4184 kg1K1. Since the heat is
being utilized to alter the state of the substance rather than
raise its temperature, the material’s specific heat capacity
is theoretically infinite during a phase transition. Suppose
a material, especially a gas, is permitted to expand while
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it is heated (specific heat capacity at constant pressure. In
that case, the material’s specific heat capacity may be much
higher than if it were heated in a closed vessel (specific heat
capacity at constant volume). The phrases "specific heat"
and "specific gravity" are sometimes used synonymously. An
object’s specific heat is defined as its specific heat capacity at
a particular temperature divided by the specific heat capacity
of a reference substance (often water) at the same temper-
ature. Specific gravity is the ratio of a substance’s specific
heat capacity to a reference substance at a given tempera-
ture. Specific heat capacity is connected to several distinct
measurements of strong heat capacity, each of which has a
different numerator. The molar heat capacity of a material
may be calculated by dividing the substance’s specific heat
by its molecular weight. The joule per kelvin per mole is the
SI unit used to measure this quantity. Suppose the volume is
meant to be representative of the sample volume. In that case,
as is often done in engineering, the volumetric heat capacity
is stated in SI units as joules per kelvin per cubic meter. This
is because joules are a metric system of measurement. How-
ever, specific heat has been measured by using KD2 thermal
pro analyzer.

2.5 Preparation of base fluids And nanofluids

Propylene glycol-water samples of three kinds (50:50),
(75:25), and (100:0) are prepared in this experimentation.
The graphene nanoparticles are dispersed in the designed
solutions with the help of an ultrasonic probe sonicator at
0.25 and 0.5 wt%. Figure 1 shows the prepared nanofluid
samples.

The properties of propylene glycol are shown in Table 2.
The description of graphene is shown in Table 3.

Compared to traditional carbon nanotubes, graphene pos-
sesses superior heat flow properties, which contribute to the

Fig. 1 Propylene Glycol-Water samples

Table 2 Properties of propylene glycol

Chemical formula C3HgO,
Properties

Density 1016 kg/m?
Melting point —59°C
Boiling point 188.2 °C
Thermal conductivity 0.491 Kw/h

Viscosity 1.4 m%/s x 107°

Table 3 Description of graphene

Testltem TestResult
Purity >99%
Thickness 5-10 nm
Length 5-10 microns
Density 3.1 g/lem?®

Number of Layers
Surface Area

Average No. of Layers 4-8
200-210/g

material’s increased ability to improve the thermal conduc-
tivity of nanofluids. Graphene is ideal for other existing
nanoparticles in terms of its thermal conductivity, stability,
and resistance to erosion and corrosion. The dispersion of
surfactant CTAB observes the stability of nanofluids into
the prepared nanofluids. These nanofluids are checked for
strength for the 1st day, 5th day, 10th day, and 15th day
and it is observed that propylene glycol (100%) mixed with
graphene nanopowder is found to be stable when compared to
the other two fluids. Figure 2 shows the stability of nanofluids
[41].

3 Results and Discussion
3.1 Measurement of Thermal Conductivity

A material’s thermal conductivity refers to its ability to facil-
itate the movement of heat without trapping heat inside the
material. As the temperature rises, there is a rise in the
total number of molecular collisions and the overall force of
these collisions [42]. This occurs because of the increased
number of molecules colliding with one another. This is
due to the accelerated rate at which molecules crash into
one another. Because of this transformation, the material’s
thermal conductivity directly improves. Testing the inher-
ent heat conductivity of solids is a far less arduous and
time-consuming procedure when compared to the process
of evaluating the intrinsic heat conductivity of liquids, which
may be very time-demanding [43]. The natural convective
heat transfer process, which occurs in the fluid when the
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Fig.2 Shows the stability of
nanofluids for Day 1, Day 5, Day
10, and Day 15

measurement is being carried out and adds to the situation’s
complexity, is the source of this difficulty. The measure is
carried out within the fluid.

3.2 Variation of Thermal Conductivity

Figure 3a displays the dependence of thermal conductivity
on temperature for a propylene glycol sample doped with
varying amounts of graphene nanopowder. As the temper-
ature of nanofluids increases, there is a noticeable increase
in their thermal conductivity [18]. Evidence suggests that
adding 10-12% more graphene to propylene glycol might
improve its thermal conductivity. Because the thermal con-
ductivity of a sample of propylene glycol and water with a
composition of 75:25 is displayed as a function of temper-
ature in Fig. 3b, it is evident that the thermal conductivity
increases with increasing temperature. Consequently, ther-
mal conductivity should be considered because it is so

@ Springer

apparent that thermal conductivity rises with increasing tem-
perature. The thermal conductivity of a 75:25 combination
of propylene glycol and water was found to increase by
11% and proportionally by 14% when the graphene content
was increased by several percentage points [1s9]. Figure 3c
depicts the temperature behavior of the thermal conductivity
of the propylene glycol/water (50:50) sample. As the tem-
perature rises, the thermal conductivity also increases. Only
at sufficiently high temperatures can the thermal conductiv-
ity function as intended. Researchers found that combining
propylene glycol and water (in a 50:50 ratio) may improve
its thermal conductivity by adding 13 to 16 percent more
graphene. Graphene nanopowder enhanced the material’s
thermal conductivity when the temperature was raised [44].
As temperature increases, the number of free electrons and
lattice vibrations increase. Thus, the thermal conductivity of
the metal is expected to increase.
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Fig. 4 aTemperature-dependent changes in viscosity of a graphene
nanopowder-doped Propylene Glycol sample, b Temperature-
dependent changes in viscosity of a Graphene nanopowder-doped

3.3 Determination of Viscosity

The degree to which a fluid resists being moved is referred
to as its viscosity, and it is used to describe how dense the
fluid is. This phrase refers to the resistance to motion that
may be found inside a fluid and describes the phenomenon
in this way. A fluid with a higher viscosity contains molecules
organized in a way that makes it possible for them to expe-
rience higher levels of internal friction. This, in turn, causes
the fluid to move at a more glacial pace [45]. On the other
hand, it is easy to control fluids with a low viscosity since the
molecular structure of the fluid results in less friction. This
makes the fluid easier to handle. This makes it simpler to con-
trol the fluid’s movement [20]. Research has shown that the
nanofluid’s viscosity determines how much pumping power
is needed. Considering the situation in this way is a more
realistic and valuable approach. The shear tension between
the fluid layers is reduced due to an increase in temperature,

Propylene Glycol-water (75:25)sample, ¢ Temperature-dependent
changes in viscosity of a Graphene nanopowder-doped Propylene Gly-
col-water (50:50) sample

which decreases the fluid’s viscosity. As a fluid’s tempera-
ture increases, molecules that are already present in it become
agitated and migrate. Because of this, the molecules in the
fluid are forced to give up energy, which, in turn, reduces
the fluid’s viscosity. Molecules already present in a fluid will
become agitated and begin to migrate as the temperature of
the fluid increases[46].

3.4 Variation of Viscosity

The temperature-dependent viscosity variations shown in
Fig. 4a are for a propylene glycol sample containing dif-
ferent graphene nanopowder concentrations. As was to be
predicted, the viscosity of nanofluids reduces as the temper-
ature increases [21]. As shown in Fig. 4b, arise in temperature
results in a reduction in viscosity in the sample consisting of
75 percent propylene glycol and 25 percent water. Figure 4c
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(50:50) with varying amounts of graphene nanopowder
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ple of propylene glycol containing varying amounts (in weight%) of
graphene nanopowder, b Specific heat and its temperature-dependent
changes for a sample of propylene glycol-water (75:25) containing

depicts the temperature dependency of the sample’s viscos-
ity, which is a mixture of propylene glycol and water at a
ratio of 50:50, and it indicates a tendency to decrease viscos-
ity as the temperature rises. The boiling point causes this
disparity in the most significant temperature that may be
lowered when water is included in the mix. When heated
to greater temperatures, all fluids experience a decrease in
their dynamic viscosity [22]. Compared to their base fluid
equivalents, nanofluids perform better in dynamic viscos-
ity when the temperature is low. The viscosity of nanofluids,
including distributed graphene nanopowder, has decreased as
temperature increases [47]. Increasing temperature decreases
viscosity because a more significant temperature means par-
ticles have tremendous thermal energy and can more easily
overcome the attractive forces binding them together.

3.5 Variation of Density
When the temperature of a sample of propylene glycol that

includes varying amounts of graphene nanopowder is ele-
vated (as shown in Fig. 5a), a drop in density may be noticed.

@ Springer

Temperature (K)
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Temperature
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varying amounts (in weight%) of graphene nanopowder, ¢ Specific
heat and its temperature-dependent changes for a sample of propy-
lene glycol-water (50:50) containing varying amounts (in weight%)
of graphene nanopowder

This finding was made possible by the observation that den-
sity decreases with increasing temperature (23). The graph
demonstrates the existence of this phenomenon. As can be
seen in Fig. 5b, the density of the propylene glycol-wa-
ter (75:25) sample noticeably decreases as the temperature
increases. It is crucial to make this observation since it
demonstrates that the sample grows less dense as time moves
on. Figure 5c depicts the fluctuation in density that occurs
with temperature for the propylene glycol-water (50:50)
sample, indicating a tendency to decrease as the tempera-
ture increases [24]. The graph shows this tendency. When
a liquid or gas is heated, the molecules move faster, bump
into each other, and spread apart. Because the molecules are
spread apart, they take up more space. They are less dense.

4 Variation of Specific Heat

Figure 6a shows how the specific heat of propylene glycol
containing various weight percentages of graphene nanopow-
der varies with temperature. It is clear from this figure that
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as the temperature rises, so does the specific heat of nanoflu-
ids [25]. It was discovered that varying concentrations of
graphene added to propylene glycol increased the particular
heat of the mixture by 8% and 11%, respectively. The change
in specific heat with temperature for the propylene gly-
col/water (75:25) sample is shown in Fig. 6b. It is easy to see
that particular heat improves with rising temperatures, which
should be considered. The enhancement of specific heat for
propylene glycol-water with a ratio of 75:25 was determined
to be between 10 and 13%, depending on the amount of
graphene in the mixture. Figure 6¢, which depicts the fluc-
tuation of specific heat with temperature for the propylene
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0 50
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glycol/water (50:50) sample, reveals that the particular heat
increases as the temperature rises. This trend can be observed
in the graph. The temperature must be raised before the spe-
cific heat can be accurately measured. It was discovered that
increasing the proportion of graphene in propylene glycol and
water (50:50) mixtures by varying amounts led to a 12% and
14% increase in the specific heat, respectively. There is a real
sign of an improvement in specific heat with the dispersion
of graphene nanopowder, which is seen in conjunction with
a temperature rise as the substance heats up and the average
kinetic energy of the molecules increments. The collisions
confer enough energy to permit rotation to happen. Rotation
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Table 4 Uncertainty analysis of different variables

S. no Variables Uncertainty %
1 Thermal conductivity 0.1

2 Temperature 0.38

3 Viscosity 0.1

4 Density 0.05

5 Specific heat 1.5

at that point adds to the internal energy and raises the specific
heat.

4.1 Effects of Different Parameters on [,

To achieve the ideal viscosity, it is necessary to analyze
how input parameters interact. Figures 7 and 8 automatically
selected spectra using the program Design Expert. According
to apparent light, violet colors also have the best viscosity.
Red has the most negligible thickness as it has a minor recur-
rence of obvious light. A three-dimensional diagram of v, s
versus ’ and temperature aty =3999 s~ ! and p,,  Versus tem-
perature and y at * = 0.5% is illustrated in Fig. 7. Figure 8
shows the viscosity at high temperatures and high shear rates
is lowest. This indicates that the nanoparticles are better dis-
persed in the base oil under these conditions.

Contour curve of p,s versus * and temperature at y =
3999 s=! and p,s versus temperature and y at > =0.5%
is demonstrated in Fig. 8. The insoluble particles in the
oil increase viscosity with increasing nanoparticles. Results
show a drastic reduction in the influence of > and y on ;7 In
temperatures higher than 45 °C, their effect is considerable
in lower temperatures [48].

4.2 Uncertainty Analysis of Variables

Table 4 shows the uncertainty analysis of different variables;
in addition, the experimental results of this study were com-
pared to those of some other researchers, as shown in Table
5.

5 Future Scope

Using the prepared nanofluids, we will use them in heat trans-
fer analysis in the helical coil heat exchanger and calculate the
heat transfer coefficient. Different nanopowders can also be
used along with propylene glycol-water solution to evaluate
the thermophysical properties and heat transfer characteris-
tics.

6 Conclusions

The essential fluids were propylene glycol and water, which
were mixed in the following proportions: 100:0, 75:25, and
50:50 to form nanofluids. Both base fluids had 0.25 or 0.5
graphenes added. Because of the system’s design, nanofluid
thermal conductivity grows with temperature. Propylene gly-
col’s thermal conductivity might increase between 10 and
12 percent with varying quantities of graphene. Thermal
conductivity increased by 13% and 16% when graphene
was added to propylene glycol and water in a 50:50 ratio.
Graphene enhanced heat conductivity by 11% and 14% in
propylene glycol-water mixtures. The propylene glycol-wa-
ter ratio in these combinations is 75:25. Surprisingly, tem-
perature decreases nanofluid viscosity. Adding water reduces

Table 5 Comparison of

experimental results in this study Author Base fluid 'l;emperature range Volume fraction Maximum Increase
with in some other researchers O range (%) (%)
[35] Propylene 32-87 1.3-4.3 300
Glycol-Water
[36] Propylene 25-75 0-13 450
Glycol-Water
[37] Propylene 10-80 0.1-3.5 600
Glycol-Water
[38] Propylene 20-50 0.1-0.5 140
Glycol-Water-
oil
[39] EG/Water 30-70 0.2-1 49.6
[40] Glycerol 20-70 0-5 200
This work  Propylene 40-120 0.75-0.25 or 1 500
Glycol-Water
(Surfactant)

S @ Springer
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the liquid’s boiling point, lowering the maximum tempera-
ture. A fluid’s dynamic viscosity decreases with temperature.
Nanofluids have substantially higher dynamic viscosity at
low temperatures than base fluids with equivalent characteris-
tics. The nanofluid’s viscosity is less affected by temperature
when graphene nanopowder is present. Nanofluid density
decreases with temperature.

Given that density inversely correlates with temperature,
this result makes logical. This phenomenon shows that, as
expected, nanofluids’ specific heat increases with tempera-
ture. The particular heat of propylene glycol rose by 8% and
11% when graphene was added at varied concentrations. The
specific heat rose by 12% and 14% when graphene was added
to 50:50 propylene glycol and water solutions. As temper-
ature increases, graphene nanopowder dispersion improves
specific heat. This connection may be shown. When graphene
was added, the particular heat of propylene glycol-water
(75:25) mixtures increased by 10% and 13%, respectively.
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