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Abstract

In this research, the effect of using GO/ water nanofluid as a coolant fluid in an isothermal heat transfer system was studied.
At first, to evaluate the atomic bond, chemical, and surface structure of the nanoparticles, XRD-FTIR and FESEM tests were
used. Two-step method was used to prepared nanofluid then DLS test was utilized to examine the stability of the nanofluid.
Thermal conductivity and the dynamic viscosity were measured experimentally from 25 to 75 °C and volume fractions of
0-0.15%. The maximum improvement in thermal conductivity is 11.2% at 0.15% and 75 “C. Also The dynamic viscosity
increased. The validity and uncertainty of the test results were examined. The heat transfer and turbulent flow of the nano-
fluid under a constant temperature boundary condition were investigated between 6000 and 18,700 Reynolds numbers.
Various parameters such as the pressure drop, friction factor, convection heat transfer coefficient, and Nusselt number of the
turbulent flow were evaluated. According to the results, the greatest increase in the convection heat transfer coefficient of
the nanofluid was 34.7% compared to that of the base fluid. Also, the greatest enhancement in the friction factor was 9.64%.
It can be stated that the improvement of the convection heat transfer coefficient dominantly affects the pressure drop so this
nanofluid can be used as a coolant fluid in industrial systems.

Keywords Stabilize - Pressure drop - Turbulent flow - Heat transfer

Introduction energy consumption and the improvement of heat transfer

has always been a positive approach for enhancing the effi-
Limitations of energy resources in recent decades have  ciency of thermal systems. According to the importance of
highlighted the necessity of energy saving. The employ-  heat transfer matter in industry, designers and researchers
ment of engineering approaches in the optimization of = always seek a new idea to improve the performance of
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heat exchangers by different methods such as using baffles
and turbulators, designing an optimum geometric shape,
changing laminar flow to turbulent flow and taking advan-
tage of the benefits of turbulent flow in the improvement
of heat transfer, etc. [1-4].

One of the approaches considered by researchers in this
field is using nanofluid instead of common fluids such as
oil, water and ethylene glycol, etc. in thermal systems. In
this case, metallic materials, metal oxide, carbon-based
materials, etc. with nanometer size and higher thermal
conductivity properties are dispersed in the base fluid, then
a nanofluid with a higher thermal conductivity compare to
the base fluid is prepared which improves the heat transfer
coefficient significantly [5-9].

Choi introduced nanofluids for the first time in
1995[10]. Numerous experimental and numerical simula-
tion studies have been performed by researchers during
recent years in this field to improve the performance of
heat transfer and investigate the effect of various factors
such as the nanoparticles type, volume fraction, method of
nanofluid synthesis, a temperature range of the nanofluid
flow, Reynolds number on the improvement of heat trans-
fer. Some of these factors are evaluated in the last studie
regarding the Graphene oxide [11, 12].

Bashirnezhad et al. [13] investigated the improvement
of convection heat transfer by using nanofluids contain-
ing TiO,, CuO and Al,O; metal oxide nanoparticles and
evaluated the effective different parameters on convection
heat transfer and thermal conductivity including the vol-
ume fraction of the different nanoparticles, Reynolds num-
ber, Nusselt number, Rayleigh number. The results show
that convection heat transfer and thermal conductivity are
improved. It should be mentioned that Shah’s classical
model had not a high accuracy in predicting convection
heat transfer of nanofluids.

Kung Ki et al. [14] investigated the performance of heat
transfer and pressure drop of the TiO,/water nanofluid in
a double tube- heat exchanger. Various factors including
the volume flow rate, the volume fraction, the Reynolds
number and the internal structure of the exchanger are
investigated in this research. The results showed that the
nanofluid is capable of improving the heat conduction by
10.8% to 14.8% compared to the water base fluid. In addi-
tion, the nanofluid compared to water has led to a pressure
drop of 51.9% on the tube side and a pressure drop of
40.7% on the shell side.

Sadeghinezhad et al. [15] evaluated the thermal per-
formance of graphene/water nanofluid in a heat pipe.
This study is performed by focusing on the effect of the
nanofluid volume fractions and the slope angle of the heat
pipe inside the heat source. The maximum reduction in
its thermal resistance is observed to be 48.4% compared
to the water.
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Ranjbarzadeh et al. [16] investigated the effect of using
nanofluid in a thermal system. The volume fractions of
nanofluid samples are in the range of 0 to 0.1 percent and the
Reynolds number of turbulent flow is in the range of 5250 to
36,500. The maximum increase in the thermal conductivity
compared to the base fluid is 27.5%. Furthermore, the con-
vection heat transfer coefficient of the nanofluid increased
to 38.9% compared to the base fluid. Also, the friction fac-
tor increased to 15.1% compared to the base fluid that has
resulted in a negligible pressure drop.

Prasad et al. [17] used a nanofluid containing alumina
nanoparticles to improve the heat transfer in a U-shaped heat
exchanger containing twisted tape insert. The volume frac-
tions of the nanoparticles used in the base fluid were 0.01
and 0.03 percent. In this research, the Nusselt number has
increased throughout the tube for a volume fraction of 0.03
percent by 31.28% compared to water.

Yarmand et al. [18] studied the effect of using a nanofluid
containing graphene nanosheets. Different parameters such
as the thermo-physics properties of the graphene nanofluid,
the friction factor and the heat transfer coefficient of the
fluid flow in a square tube with constant heat flux wall were
investigated. At volume fraction of 0.1% and Reynolds num-
ber of 17,500, the greatest improvement in the total heat
transfer coefficient and the Nusselt number was observed to
be 19.68% and 26.5% respectively while the friction factor
increased by 9.22% at this volume fraction.

Devireddy et al. [19] experimentally studied the influence
of the water- ethylene glycol/ TiO2 nanofluid as a coolant
fluid in an air-cooled exchanger. The heat transfer coeffi-
cient of the nanofluid was investigated in 0.1% to 0.5% vol-
ume fraction. All experiments were performed in a range
of Reynolds numbers from 4000 to 15,000. The improve-
ment of the heat transfer increased to 37% compared to the
base fluid in a range of Reynolds numbers between 4000
and 15,000.

Kumar et al. [20] investigated the effect of two nanofluids
on heat transfer in a plate heat exchanger. ZnO/water and
CeO,/water nanofluids are used individually in this research.
The nanofluid containing zinc oxide nanoparticles had a bet-
ter performance compared to the other one. The nanofluid
containing Zinc oxide nanoparticles increased HTR and
HTC by 5.12% and 12.79% respectively compared to the
nanofluid containing CeO,.

Sarafraz et al. [21] experimentally studied the perfor-
mance of a copper heat sink with a rectangular microchan-
nel using Ag/ water nanofluid as a coolant. Different parts
such as pressure drop, friction factor and thermal resistance
were examined experimentally at volume fractions of 0.01,
0.05 and 0.1 percent. The results reveal that the thermal
conductivity and the pressure drop increased. Accordingly,
there is a reduction in the total thermal resistance along
the microchannel. The optimal concentration of the silver
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nanofluid was 0.05 mass percent and improved the total
thermal performance of the system by 37% at a Reynolds
number of 1400.

Kumar et al. [22] investigated the friction factor and the
convection heat transfer of the Fe;O,/water nanofluid in
a double tube heat exchanger. The volume fraction of the
nanoparticles used in this experiment was in the range of
0.005% to 0.06% and the Reynolds number was in the range
of 15,000 to 30,000. According to the obtained results, the
Nusselt number improved by 14.7% compared to water.

The main objective of this experimental research is to
evaluate the improvement of heat transfer in an applied sys-
tem by using Graphene oxide/ water nanofluid and inves-
tigate the stability of nanofluid that prepare by means of
two-step method. Heat transfer, Nusselt number, pressure
drop and friction factor are investigated in different variables
such as temperature, volume fractions and Reynolds number.
In this comprehensive study, we will investigate different
parts including characterization of nanoparticles, prepara-
tion, stability, flow and heat transfer properties in deep and
clarify the effect of each part on this improvement.

Objective of the study

The thermal properties of the nanofluid as the most impor-
tant intended parameter are experimentally measured under
different various temperature and at volume fractions of
0-0.04-0.08-0.16. Then the effect of using this nanofluid as
a coolant is examined under the influence of various variables
such as the volume fraction and the Reynolds number. The
main parameters are heat transfer and fluid flow under a con-
stant temperature boundary conditions. The range of Reyn-
olds number in this experiment is from 6100 to 18,700 and
the coolant flow enters the copper tube of the test at ambient
temperature and absorbs the heat embedded in the tube wall
as it passes through the tube. This study is based on improving
the heat transfer performance in an industrial system, accord-
ing to the volumetric flow rate, the research is studied in this
Reynolds number range. The details and mechanisms of the
test system are presented in the following sections. The results
of this research will include the investigation of the stability
and thermophysical properties of the nanofluid. Appropriate
experimental relationships will be presented for the variables
of interest by using the results of this experiment.

A comprehensive investigation about the preparation pro-
cess of nanofluid, stability, characterization of nanoparticles,
measurement of thermal properties, convection heat trans-
fer, and pressure drop in a constant temperature thermal heat
exchanger s carried out in this research. The other necessary
details are reported in the following.

Experimental system

Figure 1 illustrates the schematic of the experimental system.
The experimental system is composed of a closed-loop heat
transfer cycle that consists of various segments including a
nanofluid tank, a circulation pump, a flowmeter, a copper tube
for the test section, a differential pressure gauge, five numbers
K-type thermocouple with the thermometer, some heating ele-
ment for evaporating water in the test section, and jointing
tubes. The thermal stable state for recording the experimental
data is about 15 min after the establishment of the flow in the
experimental cycle. All experiments are repeated at least two
times.

Preparation of the nanofluid

In this research a high- purity Graphene Oxide nanoparticle
that produces by US Research Nanomaterials, Inc. was used.
The two-step method is the best approach to prepare the Gra-
phene oxide/ water nanofluid since the quality of the nanopar-
ticles used directly affects the performance of the nanofluid.
The mass of nanoparticles at different samples were calculated
by Eq. 1 according to the volume fraction of the nanofluid and
a digital balance (Model Number: ES-600) with high accuracy
(£0.1mg). During the process of using a IKA magnetic stirrer
hot plate (IKA-4240201), nanoparticles were added to water;
Then, a ultrasonic device was utilized for 30 min in order to
achieve a homogeneous nanofluid, in this process we used a
UP400St Ultrasonicate by a powerful 400 watts and 24 kHz.
The Sonotrode S24d22D was used and Due to the heat gener-
ated during the use of the ultrasonic device, this process is
done intermittently. In order to examine the stability, sedimen-
tation photograph capturing used, then a DLS test was utilized
for a more accurate examination.

(%)GO 100

=
¢ (%)GO + (%)1—120 @

KD2 Pro thermal property analyzer (Decagon Devices
Inc., USA) was used for measuring the thermal conductivity
of different samples. This analyzer works base on the transient
hot-wire technique. In this research we used KS-1 sensor to
measure thermal conductivity. Finally, each test was repeated
three times to ensure the accuracy of the results. For tempera-
ture stability, samples are placed in a water bath with a 0.1 °C
accuracy to measure the thermal conductivity.

The viscosity was measured by using Brookfield Vis-
cometer (DV2EXTRA-Pro). Temperature has a direct and
important effect on viscosity, a high- accuracy water circu-
lating system (LAUDA Alpha RA 8 water bath) was used to
control and fix the temperature.
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Fig. 1 Schematic of the experimental system

Governing equations

Governing equations for evaluation of fluid flow and heat
transfer in a tube under constant temperature boundary
conditions are presented in the following. Convection heat
transfer part is the dominant mode of heat transfer in this
experimental system according to the governing physics of
the problem.

Equation 2 is used to calculate the convection heat trans-
fer coefficient [23]:

h= pQCp(Tout - Tin)

(2)
xDLAT; rp,

In the present research, the most significant properties of
GO/water nanofluid include thermal conductivity and vis-
cosity are measured experimentally. The other properties
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including p and C, are calculated by using Egs. (3) and (4)
presented by Pak and Cho [24]. According to previous stud-
ies, there is not significant change for specific heat capacity
and density properties by increasing temperature and volume
fraction in most Nanofluids [7]. Therefore, these equations
have been proposed in various studies to calculate these
values.

Pt = GPyp + (1 — P)py 3)

CP,nf = ¢Cp,np + (1 - ¢)Cp,f (4)

Equations (5) and (6) are used to calculate the values of
Ts and ATy yirp
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where T, T,, T5, T4, T5 are temperature of surface and its
logarithmic nature is related to the exponential nature in
similar situations [25].

Nusselt number and the Prandtl number are calculated By
using Egs. (7) and (8):

hD

Nu=~~

u= %)
Cc .U

pr=-—

r=- ®)

Pressure drop and heat transfer in nanofluids flow are
two essential parameters specially for industrial systems. A
differential pressure gauge was used between the inlet and
outlet of the test section. In general, the Darcy-Weisbach
equation can be used to examine the friction factor in an
incompressible fluid flow. So Eqgs. 9-11 are used for the
calculations.

AP = p.g.Ah )
Ap
BOE
a)P2
7’ pApd?
= 11
f 8L 1D

Uncertainty and Validation

The measurement errors are reduced as much as possible
but it is not possible to eliminate them in different parts
of the experiment and the amount of uncertainty for the
results is calculated according to them, i.e., how much the
results are free of certainty. The influence of the equip-
ment error on the total uncertainty was studied based on
the dispersion theory proposed by Moffat et al. [26]. The
results are reported in Table 1.

The experiment results are compared to the results of
open literature in order to verify the performance of the
experimental system and calculations. First, experiments
in case of pure water are performed and results for Nus-
selt number and friction factor are compared with Blasius

results [25] (Eq. 12) and Dittus- Boelter results [27]
(Eq. 13) respectively.

f=03164Re™0%

ailz 10 0.6 < Pr < 100 2500 < Re < 1.25 % 10°
12)
Nu = 0.023Re*3 P04
(13)

0.7 < Pr<500 1< Re <1=x10°

The Eq. 12 was limited to the turbulent flow and also
for Eq. 13. The comparisons are shown in Fig. 2 and Fig. 3
respectively. According to Fig. 2, the excellent consistency
of the experimental results with the equation presented
by Blasius is completely obvious such that the maximum
deviation is 4.8%. According to the obtained results pre-
sented in Fig. 3, it can be stated that the achieved results
are well consistent with the aforementioned Dittus-Boelter
equation since the maximum error in the experiment is
5.8%. So the performed examinations, the overlapping
of the experimental results of the friction factor and the
obtained Nusselt number are acceptable.

Results and discussion

In this section, the results related to the characterization
of nanoparticles, evaluation of the nanofluid stability,
investigation of the pressure drop and friction factor of the
nanofluid, also evaluation of the convection heat transfer
and Nusselt number are presented. The effect of influential
parameters will be discussed according to the governing
physics and comparison with other studies.

Characterization of nanoparticles

The Field Emission Scanning Electron Microscopy
(FESEM) test is employed to examine the surface struc-
ture of the nanoparticles, the results are given in Fig. 4.
According to the results, the Graphene oxide nanoparti-
cle is a sheet structure, the thickness of the sheets is in
nanoscale, and their surface dimensions are greater in

Table 1 The empirical data

. Parameters Uncer-
uncertainty tainty

(%)

Convection heat 5.2
transfer coefficient

Nu 5.7
Friction factor 4.2
Pressure drop 2.5

@ Springer
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size. The results show that the surface of the nanoparti-
cles is not smooth that results by synthesis process and the
functional groups that are developed inevitably during the
chemical process [28].

The X-Ray Diffraction test is utilized to examine the
atomic structure of the Graphene oxide nanoparticles.
The result of this test is shown in Fig. 5 that a peak is
observed at 8= 10.4 ° for the Graphene oxide nanoparticle
that belongs to the 002 sheets of the graphene structure
and complies with other references [29, 30]. In the fol-
lowing, Brag’s equation (Eq. 14) is used to calculate the
interplanar distance [31]:

@ Springer

A= 2d sin(0) (14)

where d is the interplanar distance, A the wavelength of the
ray and 0 the angle of the peak occurrence. The interplanar
distance obtained for the graphene oxide nanoparticles is
equal to 0.85 nm. Indeed, the existence of oxide groups on
the Graphene oxide nanoparticles has led to an increase in
the distance of the graphene sheets. This increase implies
success in the oxidation process of the graphene nanosheets.

The FT-IR test is used to specify the functional groups
that product in the graphene oxide nanoparticles. The
FT-IR overall spectrum of these nanoparticles is depicted
in Fig. 6.

According to Fig. 6, in the FT-IR test a wide peak can be
observed at a wavenumber of about 3425 cm™! that may be
attributed to the symmetrical stretching of the OH groups of
the water adsorbed to the nanofluids and nanosheets [32—48].
The peak related to the C=0 bond of the carboxyl groups
existing on the graphene oxide is observed at a wavenumber
of 1691 cm™!. The absorption peaks observable at wave-
numbers of 1218 cm™' and 1097 cm™"' in the structure of the
graphene oxide correspond to the tensile bonds of the C-O
and (C-0-C) epoxide groups respectively. The presence of
this peak in the spectrum of the graphene oxide is another
evidence for the successful oxidation of this sample.

Nanofluid stability

The stability of nanofluid is acceptable by using two-step
preparation method; however the presence of the functional
groups on the surface of the graphene oxide nanoparticles is
a good point to make a stable condition [49-65]. Moreover,
there is no big difference between the density of nanoparticle
and base fluid. Choosing an appropriate process to prepare
the nanofluid and using nano-dimensions particles in the
base fluid have a valuable result for the established stability.
The Dynamic Light Scattering (DLS) test is utilized in order
to examine the stability in nanoscale. The governing theory
of this experiment is based on the Mai theorem [34]. The
results are shown in Fig. 7 where the intensity of the laser
beam is reported with respect to the size of particles.

Bigger particles diffract a greater intensity. The maxi-
mum value of the average diameter of the particles is in the
range of less than 100 nm. It can be stated that the dimen-
sions of the particles in the base fluid are in the nanoscale
and no agglomeration has been formed.
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Fig.4 FESEM image of the
graphene oxide nanoparticles
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Thermal conductivity and rheological behavior
of the nanofluid

Figure 8 shows the thermal conductivity of Graphene oxide/
water nanofluid as a function of temperature at different frac-
tions in the temperature range of 25 to 75 degrees Celsius.
The greatest value of thermal conductivity (0.742 W/m K) is
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observed for the highest temperature and the highest volume
fraction. The thermal conductivity of the nanofluid linearly
increases by increasing the volume fraction at all tempera-
tures. The heat transfer process in the nanofluid is a rela-
tively complex process that depends on the properties of the
base fluid and the nanoparticles and their mutual effect. Fur-
thermore, the increase in the kinetic and vibrational energy
of the molecules with temperature rise and the increase in
the random collisions of the particles under the effect of
Brownian motion on the microscale is another effective fac-
tor for the improvement of the thermal conductivity of the
nanofluid [35]. In this regard, the nanoparticles collide with
each other continuously by increasing the volume fraction
of the nanofluid according to reasons such as the movement
of the fluid mass with the particle inertia, lift force and other
transverse forces, the interparticle electrical force, interpar-
ticle mutual hydrodynamic effect, etc. and form clusters and
chains of nanoparticles that lead to a greater improvement
on the thermal conductivity.

The rheological behavior of the nanofluid at different
volume fractions is shown in Fig. 9. It can be seen that the
nanofluid behavior is a Newtonian fluid, similar to the base
fluid. With regard to the effect of various temperatures on
the nanofluid viscosity, we report only results of the experi-
ment at 25 and 75 degrees Celsius since similar behaviors
are observed in the temperature range.

The dynamic viscosity as a function of temperature in the
range of 25 to 75 degrees Celsius and for different volume
fractions is given in Fig. 10. The amount of the nanofluid
dynamic viscosity decreases with the temperature at a spe-
cific volume fraction and increases with the volume fraction
more significantly at low temperatures. For a volume frac-
tion equal to 0.16% and a temperature of 25 °C the dynamic
viscosity is equal to 2.181 mPa s. In liquids, the molecules
can overcome the intermolecular adhesive force under the
effect of more energy (Under the effect of temperature rise),
hence the viscosity of the nanofluid decreases as a result
of temperature rise. The influence of the increase in the

@ Springer
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Brownian motion of the nanoparticles with temperature rise
on the nanofluid viscosity is significant. Temperature rise
increases the intermolecular distance of the nanoparticles
and the base fluid. Therefore, the resistance against the flow
and the viscosity of the nanofluid decrease.

According to the results at different temperatures, there is
an increase in the amount of dynamic viscosity by increas-
ing the volume fraction of the nanoparticles in the base
fluid and this increase is attributed to the flow resistance
against shear rate for various concentrations. The viscosity
of water increases by adding a minor volume percent of 0.04
of the nanoparticle to it while the change of viscosity is not
remarkable compared to the case of increasing the concen-
tration to 0.16 volume percent.
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Based on the results presented, the viscosity of graphene
oxide nanofluid changes at the low shear rate, on the con-
trary in the higher amounts almost there are no changes,
this trend has been observed in other experimental studies.
Therefore, according to the potential of the viscometer, the
measurement was performed in this range.

Result of pressure drop and friction factor

Although increasing the volume fraction of nanoparticles
leads to an improvement in thermal conductivity, this increase
in the number of nanoparticles can have negative effects such
as pressure drop. Figure 11 shows the pressure drop along
the flow path of the nanofluid as a function of the Reynolds
at volume fractions in a range of Reynolds numbers between
6000 and 18,700. The increase of pressure drop with Reyn-
olds number is approximately linear; for the same Reynolds
number, the pressure drop corresponding to the maximum
volume fraction of the nanoparticles is 2.4 times the value
corresponding to the minimum volume fraction. This phe-
nomenon occurs due to the friction between different layers
of the flow and the physical collisions of the nanoparticles
and the tube wall. Dynamic viscosity increase by increasing
the number of nanoparticles in the base fluid and all these
actions lead to an increase in the pressure drop. An increase
in the pressure drop affects the pump, but the improvement
of the thermal performance achieved by using this nanofluid
is far more important and the resulted problem can be elimi-
nated just by using a pump with a higher head. In order to
identify and make applied use of the mentioned nanofluid,
the changes in the pressure drop should be examined accu-
rately and comprehensively. The results of friction factor of
the nanofluid with different concentrations of 0.04—0.08-0.16
percent are shown in Fig. 12. Friction factor of the nanofluid
flow increased by 9.64% compared to the base fluid.
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The maximum difference between the friction factor of
the nanofluid and the base fluid is not significant. These
changes may be attributed to the high turbulence of the flow
since the perturbations resulted from the particles will be
negligible compared to the flow perturbations. While the
nanofluid flow through the pipe, there would be some pres-
sure drop known as friction loss due to the internal friction
of the fluid and the friction between the fluid and the wall.
This friction loss directly affects the selection of the size and
power of the pump and the selection of the pipe diameter.
The friction factor is directly proportional to the pressure
drop induced by the fluid friction.
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Fig. 10 Dynamic viscosity vs. temperature at various volume frac-
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Fig. 11 Pressure drop at various Reynolds numbers

Nusselt Number and convection heat transfer

The increase of turbulence in the fluid flow is one of the
effective factors on improving heat transfer. The nature of
the flow becomes more turbulent by increasing the Reyn-
olds number. Hence, the thickness of the boundary layer
decreases and the temperature gradient increases remark-
ably. Furthermore, the presence of graphene oxide nanopar-
ticles with high thermal conductivity is another reason for
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Fig. 12 Friction factor at various volume fractions vs. Reynolds num-
ber

the improvement of heat transfer in the system. Figure 13
illustrates the changes in the convection heat transfer coeffi-
cient with the increase of the Reynolds number. The convec-
tion heat transfer coefficient increases at Reynolds numbers
approximately equal to the increase in the volume fraction
of the nanoparticles such that the heat transfer coefficient
increased by 9.71, 21.2, 34.7 percent compared to that of
the base fluid respectively, at volume fractions of 0.04, 0.08
and 0.16 percent in the Reynolds number of 18,700. Increas-
ing the volume fraction of the graphene oxide nanoparticles
leads to the creation of some chains in the nanofluid that
improve the heat transfer. Moreover, increasing the nanopar-
ticles in the base fluid causes an increase in the random col-
lisions among the particles (Brownian motion) that is among
the other substantial reasons for the improvement of heat
transfer and increasing the Reynolds number accentuates this
effect. Increasing the Reynolds number leads to a reduction
in the inertial and molecular forces among the particles at
higher volume fractions and improves the heat transfer.

Figure 14 shows the Nusselt number of the nanofluid tur-
bulent flow with respect to the Reynolds number. The results
show that the greatest improvement in the Nusselt number
of the nanofluid flow has been achieved at a volume fraction
of 0.16. These changes are directly established under the
influence of the Reynolds number and the Nusselt number.
The results of the Nusselt number demonstrate that even
though the nanofluid has a larger thermal conductivity but
the effect of the convection heat transfer is still dominant
and the Nusselt number has an ascending trend. The Nusselt
number increases by 10.4% at the minimum volume fraction
up to 30.3% at the maximum volume fraction.
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Conclusions

The importance of energy and improvement of heat transfer
is among the crucial priorities in various industrial sectors.
Using the Graphene oxide/ water nanofluid as an alternative
fluid evaluated and the results illustrated that this nanofluid
has a high potential in heat transfer at thermal systems. The
results obtained from the performed experiments are as
follows:

e The results of the spectrometer (FTIR) showed that a
chemical bond can be formed between the Graphene
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oxide layers and the DLS stability test confirmed the
FTIR results.

The two-step method is very appropriate for this nano-
fluid. The results of DLS test showed the nanoscale
dimension of the particles in the base fluid.

The rheological behavior of the nanofluid was similar
to water (base fluid) and completely Newtonian under
the effect of various shear rates in a range of 10-100
1/s. At the maximum volume fraction, the viscosity was
increased from 0.392 mPa.s to 1.165 mPa.s at 75 C.

It can be observed by investigating the hydrodynamic
behavior of the internal flow that the pressure drop
increases But the pressure drop is not remarkable com-
pare to the improvement in heat transfer.

The friction factor of the nanofluid decreases with
increasing the Reynolds number and has increased
by 9.64% compared to the base fluid. One of the most
important parameters that affect the friction factor is the
increase of the dynamic viscosity of the nanofluid.

The heat transfer and the reduction in the temperature
of the tube surface are remarkable by using the nano-
fluid flow. The greatest ratio of convection heat transfer
has been achieved at lower Reynolds numbers. Also, the
maximum increase in the Nusselt number of the flow is
30.3%. the influence of the high thermal conductivity of
the Graphene oxide/ water nanofluid directly affects it.
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