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In this research, an improvement in alternative heat transfer and thermal properties of ZnO
nanoparticles (NPs)/ distilled water, DW nanofluid are experimentally studied and
investigated. The two-step approach is utilized to prepare the ZnO NPs/water nanofluid
using different concentrations and different inlet temperatures. Scanning Electron
Microscopy (SEM) and UV-visible spectrophotometer is employed to characterize the
nanofluid. Varying flow rates and the temperatures are examined in the heat exchanger's
horizontial tube and shell pipe as well as the impacts of ZnO nanoparticles and the
temperatures are studied on nanofluid's thermal conductivity and viscosity. The findings
show improvements in the thermal conductivity of ZnO NPs / DW nanofluid. A maximum
value of 6.67% of the thermal conductivity is achieved at a temperature of 343K using 1 %
ZnO NPs. Nusselt Number also shown an improvement of 38% at a temperature of 343K
using 0.2% wt of ZnO NPs under the turbulent condition (Reynolds Number range of 8000
to 20000). Experimental results are compared with previous correlations and an acceptable

agreement is observed.

1. INTRODUCTION

To boost the heat transfer in heat exchangers, it is necessary
of finding ways to enhance the properties of the fluids.
Nanoparticles are used to improve heat transfer by influence
the characteristics of traditional fluid such as water and the
resulting mixture is called nanofluid. These types of fluids are
usually having the combined merits of both base fluid and
nanoparticles [1-3]. Therefore, it is very vital to prepare the
nanofluids and study its thermal and physical properties due to
the limitation of measurement techniques of heat transfer [4].

Several studies were employed with various types of
nanoparticles as a passive technique to enhance heat transfer.
Kumar et al. [5] investigated the properties of heat transfer and
pressure drop of the CuO- Distilled water nanofluid in a
horizontal circular pipe were conducted. Their results showed
an increase in the characteristics of base fluid after addition to
CuO nanoparticles such as thermal conductivity, viscosity,
density, and specific heat. The heat transfer coefficient
increased to 46.1 % at 0.5 vol. %, 20 LPH (liter per hour) flow
rate, and the Friction factor were drops with the rising inflow
rate. Xie et al. [6] worked on a range of nanofluid forms
including TiO2, ZnO, Al,0s, and MgO in a fluid of 55%water
and 45%ethylene glycol. At a steady wall temperature, the
laminar stream was flowing into a circular copper pipe. An
increase in convective heat transfer at a Reynolds number of
1000 to 252% of MgO has been achieved. Ajeel et al. [7-9]
utilized SiO; nanoparticles to analyze the thermal performance
of corrugated channels. The findings highlighted new
correlations for used SiOz-water nanofluid in terms of Nusselt
number and friction factor.

Many researchers utilized ZnONPs in their work with
different boundary conditions and applications. Nemade [10]
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noticed that ZnO nanoparticles with water nanofluid
representing a rise in heat transfer at different nanoparticles
concentration. in addition, the concluded study that the ratio of
thermal conductivity is more significant than unity which
made it preferred in heat exchangers applications.

An increase to about 136% at 50 <C in thermal conductivity
was observed and in Nusselt number development for ZnO
volume concentration of 0.25% in the nanofluid [11]. Yu et al.
[12] prepared nanofluid EG (Ethylene Glycol) / ZnO and
recorded an increase in nanofluid thermal conductivity of
26.5% at 5% concentration. Mourgues et al. [13] stated that
due to the effect of ZnO nanofluid, the critical heat flux
increased by 54%. Jeong et al. [14] analyzed the impact of the
shape of ZnO nanoparticles in terms of thermal conductivity
and their findings showed that the thermal conductivity
increase was 18% and 12% for rectangular and spherical
shaped ZnO nanoparticles, respectively.

Suganthi et al. [15] prepared and compared two types of
nanofluids depend on using ZnO nanoparticles in terms of
thermal conductivity. The outcomes uncovered that increase
in thermal conductivity was 33.4% and 17.26% when used
ZnO particles with Ethylene Glycol (EG) and water-EG as
base fluid, respectively. Suganthi and Rajan [16] employed
ZnO-propylene glycol nanofluids to examine the heat transfer
characteristics. the study said that the heat transfer
improvement was 4.24% due to effect 2 vol% of tested
nanoparticles. Esfe et al. [17-19] studied rheological behavior
of hybrid nanofluid and suggested a new experimental
correlation to predict the viscosity of the nanofluid at different
temperatures and the solid volume fraction.

Recently, Thermo-physical properties measurements, such
as thermal conductivity and viscosity, of ZnO in two type
propylene glycol (PG) and ethylene glycol (EG) mixed with
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water, showed an enhancement of 15% and 9%
correspondingly. Those researches have done by Akbarzadeh
et al. [20] and they proposed new models for predicting the
influential viscosity and thermal conductivity.

ZnO nanoparticle was used to overcome several common
cases such as its lower cost and high dispersion ability
compared to other materials and It can be called zinc oxide
multi-functional material with its physical and chemical
properties unique.

Based on the above literature, the emphasis was given to
only the impact of ZnO nanoparticles in the thermal transport
phenomenon, while the major parameters affecting ZnO
behavior such as thermophysical properties, nanofluid
preparation, and inlet temperature have left intact.
Accordingly, the current study would take into account the
effect of viscosity and thermal conductivity at various
concentrations, besides the entrance temperatures and flow
rates to clarify their impact on the overall thermal performance
of ZnO nanoparticles.

2. NANOFLUID PREPARATION

ZnO/ DW nanofluid containing ZnO powder of particle size
53nm and distilled water (DW) is prepared by two-step
method at different concentrations of 0.2, 0.4, 0.6, 0.8 and 1
wt%, the reason for selecting these certain volume
concentrations (0.2,0.4,0.6,0.8 and 1%) of ZnO/water because
of the minimum occurrence of aggregation, stable and
homogeneous with this volume concentration compared with
high concentrations. Note that there is no sedimentation after
7 days when used lower concentrations of nanofluid but with
higher concentrations than above 1%, the solution has begun
sedimentation and noticed its thermophysical properties drop.

An ultrasonic homogenizer of 1200 W is run for 30mins to
ensure maximum dispersion ZnO nanoparticles in DW. ZnO
NPs are ordered from USA nanomaterials co. (www.us-
nano.com) and DW is obtained from a local supplier. Table 1
shows the ZnO NPs and DW physical properties utilized in
this research.

The UV-V absorption optical properties of the prepared
samples are measured using UVWIN 5 Spectrophotometer.
Thermal conductivity is measured using the KD2 Pro from
Decagon devices. The Viscosity of the samples is measured
using a Fungilab viscometer instrument. Figure 1 shows the
measuring thermal conductivity of the ZnO NPs/DW sample
by KD2 Pro.

Figure 1. Thermal conductivity measuring of ZnO/DW
nanofluids by KD2 Pro
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Figure 2. UV-Visible absorption spectrum of ZnO/DW
nanofluids
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Figure 3. SEM of ZnO NPs

The UV-visible absorption spectrum of ZnO NPs/DW is
measured in the wavelength range of 350 - 400 nm. Figure 2
shows the absorbance spectrum of the ZnO nanoparticles. The
band edges of absorption are recorded at a peak wavelength of
376 nm.

Figure 3 shows the SEM images ZnO nanoparticles. It is
observed that the ZnO NPs have irregular morphology with an
average size ranged between 30-50nm. Also, particle
morphology is hexagonal.

3. EXPERIMENTAL DESCRIPTION

The experimental devices used in the current study are
shown in Figure 4. It involves nanofluid and water flow loops,
heating unit to heat the nanofluid solution, temperature
measurement system, chiller, a couple of pumps of types
centrifugal pump so as to outfit needful flow rates, two flow
meters, reads the flow rate amount that required to be based on
the wanted Reynold number, and valves to control the flow
rates.



Table 1. Material characteristics

Material Average particle diameter, nm  Purity, % Density kg/m® Heat capacity J/kg.k

ZnO 53
Water -

99.9% 5606 523

995 4179
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Figure 4. Experimental rig for current study

The heat exchanger is constructed from copper with 1416
(22.4) mm diameter of tube and 48.5 mm diameter of shell and
355 mm length, making external insulation for the pipe to
reduce system heat losses by using a layer of metal wool and
aluminum foil. The test unit is heated electrically by a 6 kW
DC power. A six-liter capacity chiller is utilized to preserve
the fixed temperature in the inlet section of the test. The
temperature measurements were taken at the entrance and exit
position of fluid until steady-state has arrived. When the
temperatures were stable with time approximately 15 min, a
steady-state was established. Many experimental carried out at
different temperatures of 303, 323, and 343 K and flow rates
of 100, 200, and 300 L/h. Heat exchange takes place in the test
chamber and the differences of temperature between inlet and
outlet of the working fluid flows were calculated. All
experiments are carried out using a parallel-flow tube-shell
horizontal heat exchanger because of the advantage of parallel
is that a small diameter pipe can be applied due to decrease
pressure declines and when two fluids are wanted to be
brought to about the same temperature.

The following relationships are used to estimate
thermophysical properties and heat transfer of nanofluid:
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4. UNCERTAINTY

When conducting tests in the laboratory, there will be errors
regardless of the thoroughness of followed procedures or
algorithms because each device or instrument has its own
uncertainty, besides there is no device without a specific error.
Uncertainties were calculated for the variables in this study at
a 95% confidence level as Coleman and Steele reported [21]
as follows:
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In the above equations, @ calculated from @ =V,/V,.

Where Vi and V, denote the nanoparticles and total volume
respectively.

5. RESULTS AND DISCUSSION

Figure 5 and Table 2 show the relation between thermal
conductivity and temperature of different concentrations of
ZnO NPs/water nanofluid.
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Figure 5. The thermal conductivity of ZnONPs/DW
nanofluids against temperatures at different ZnONPs
nanoparticle volume concentration

Accordingly, the thermal conductivity increases as the
concentration of ZnO NPs increasing for all tested
temperatures. This increase may attribute to the presence of
the suspended particles. In general, several conditions, such as
nanofluid crystal structure, temperature, and concentration,
influence the thermal conductivity. For all tested
concentrations, all the nanofluids ' thermal conductivity was
uncovered to be higher than water (base fluid) as well as the
same trend is found for all tested fluids. The increase in
thermal conductivity with temperature is credited to Brownian
motion for nanoparticles in the fluid. At high temperatures, the
particle collision occurred at a higher rate, taking with it more
kinetic energy. During the collision, the heat transfer of solid-
solid could raise the nanofluid's overall thermal conductivity.
Especially, Brownian motions itself a process of diffusive.

Consequently, thermal conductivity improved. An
enhancement in the thermal conductivity to 66% at a
temperature of 343K with ZnONPs 1% is observed. These
findings are in agreement with the research results obtained by
Suresh Sagadevan [22].

Figure 6 demonstrates a comparative study of the obtained
measurement results of the thermal conductivities of
experiments to the equation of the Maxwell-Garnett equation,
as shown in the below equation [23].
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where, k is thermal conductivity (W/m K), nf refers to
Nanofluid and @ refer volume concentration. It seems the
experimental results have the same behavior as standard
correlations. The average error of 15% was also obtained from
the comparison of the results. It was attributed to the non-
spherical shape of the ZnO nanoparticle [24].
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Figure 6. Comparison between Maxwell equation and
experimental behaviour of thermal conductivity of ZnO NPs
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Figure 7. The viscosity of ZnONPs/DW nanofluids against
temperatures at different ZnONPs nanoparticle volume
concentration

Figure 7 and Table 3 show the viscosity reduction of
ZnONPs/DW nanofluid as the temperature rises. This
reduction due to the weakening in the intermolecular attraction
between nanoparticles and the weakening of the hydrogen-
bonding network of the base fluid. The viscosity of nanofluids
follows the trend of base fluids, where it decreases
exponentially with temperature. However, the increase in
viscosity value with increasing ZnO NPs wt% causes an
increase in the friction and the resistance of flowing fluids. The
viscosity values of the ZnONPs/DW nanofluid obtained at
temperature values of 303 and 343K were 1.21 and 0.6 cp
respectively at ZnO concentration of 1%. These results are in
agreement with the research finding in the paper [25].

Figure 8 displays the Nusselt number values measured at
different flow rates values at three diverse inlet temperature. It



is noticed that the amount of heat transferred is positively
influenced by the rate of flow. Also, the Nussalt number
enhance to about 38% at 343K with 0.2% of ZnO NPs in
contrast to the base fluid. These results are in agreement with
research findings in the paper [4]. This improvement is
attributed to the upgrading in thermal conductivity as a result
of the presence of the ZnONPs in the water. As well as, the
thickness of the thermal boundary layer could be declined as
the mobility of the particles near the wall was neglected at the
center of the tube. Besides, viscosity was declined in the
region of the wall [26].
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Figure 8. The influence of temperature and flow rate of
ZnONPs/DW nanofluid on Nusselt number
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Figure 9. The difference between the experiments data and
the correlation of the experimental values

Figure 9 illustrates the comparisons between the
experimental data and common trial correlations of Xuan et al.,
Maiga et al. and Dittus-Boelter et al. [27-29], as shown in Eq.
(10), Eq. (11) and Eq. (12) respectively. The value of the
Nusselt number is increased with increasing Re. The
difference between the experimental correlation and
experimental data are attributed to nanoparticle clustering. Eq.
(8) shows closed data fitting to the experimental data of the
current research.
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Figure 10 presents the rate of heat transfer (Q) with various
flow rates values and various temperatures. As can been seen,
as the flow rate increased, the heat transfer rate is increased.
For an instant, the temperature increased from 303K to 323K
and as a result, the heat transfer rate increased from 287.7 to
447 at 300 L/h. In this way, the same result recorded for
increased temperature from 323K to 343K. The best heat
transfer rate of 585 (w) is recorded at a high temperature and
high flowrate, 343K, and 300 L/h, respectively.
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Figure 10. The effect of temperature and flow rate of DW on
the Heat transfer rate
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Figure 11. The effect of temperature and flowrate of
ZnO/water nanofluid on the Heat transfer rate

The Q of ZnO/water nanofluid at different flow rates values
and different temperatures are shown in Figure 11. Generally,
the heat transfer rate augmented with increasing flowrate for
all tested temperatures. In addition, at the same flowrate, the
Q increased due to increasing temperature. For example, at
300 L/h, the heat transfer rate increased from 421 to 657.8
when the temperature increased from 303K to 323K. In
comparison with using water, the outcomes uncovered a 48%
increase in Q after using ZnO nanoparticles at 0.2% volume
concentration, 343K, and 300 L/h. This increase was attributed
to the increase in the thermal conductivity of the base fluid. As
a result, the enhancement of Q reduces consumption in driving
potential, power of pumping, weight, and reduce the
magnitude of the thermal structures. These results are in
agreement with the research results of Daungthongsuk and
Wongwises [29, 30].



Table 2. Experimental results of thermal conductivity (w/m.k) of ZnO — DW

Temp. DW 0.2%2Zn0O 0.4%2Zn0O 0.6%Zn0O 0.8%Zn0O 1%2Zn0O
303.0000 0.6190 0.6320 0.6380 0.6440 0.6520 0.6610
313.0000 0.6300 0.6420 0.6500 0.6550 0.6630 0.6710
323.0000 0.6420 0.6520 0.6590 0.6660 0.6740 0.6820
333.0000 0.6510 0.6640 0.6720 0.6790 0.6890 0.7000
343.0000 0.6600 0.6750 0.6830 0.6910 0.6990 0.7080

Table 3. Experimental results of viscosity (cp) of ZnO — DW
Temp. DW 0.2%Zn0O 0.4%Zn0O 0.6%Zn0O 0.8%Zn0O 1%Zn0O
303.0000 0.8500 1.0500 1.1000 1.1500 1.1800 1.2100
313.0000 0.7240 0.9000 0.9300 0.9600 0.9800 1.0000
323.0000 0.5900 0.7400 0.7800 0.8200 0.8400 0.8600
333.0000 0.5100 0.6100 0.6300 0.6500 0.6800 0.6900
343.0000 0.4300 0.5200 0.5500 0.5700 0.5900 0.6000

6. CONCLUSIONS

Thermal conductivities and viscosity of five wvarious
concentrations of ZnO NPs/water nanofluid had been
measured at a different temperature ranging from 303 to 343
K. The obtained results showed a 66% raised in nanofluid
thermal conductivity with the rising temperature at a
concentration of 1% of ZnO NPs and temperature of 343K.
The comparison between the measured thermal conductivities
of experimental with Maxwell-Garnett equation showed a
15% average error. This error was attributed to the non-
spherical shape of ZnO NPs. It had been noticed that the
viscosity of ZnO NPs/DW nanofluid raised with raising ZnO
NPswt% and a drop with increasing temperature.

Furthermore, the presence of ZnO NPs into the base fluid
(water) were expressively increased the properties of heat
transfer from the enhanced water thermal conductivity. The
heat transferred obtained also enhancing through raised with
both the inlet temperature and the flow rate. Nussalt number
value showed an enhancement in the presence of ZnO NPs as
compared to the base fluid.
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NOMENCLATURE

A Surface area

D Inner diameter of the tube

h Heat Transfer Coefficient

Co Heat capacity

k Thermal Conductivity

m’ Mass flow rate

Nu Nusselt Number

AT yrp log meantemperature difference

Q Volumetric flow rate

q Heat transfer rate, W

Re Reynold number

T Temperature

u velocity

Pr Prandtl Number

Greek symbols

u Dynamic Viscosity
p Density

0 Volume fraction

a Thermal diffusivity
Subscripts

bf Base fluid

f Fluid

i Inlet

0 Outlet

nf Nanofluid





