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Abstract
The main focus of the work is to determine the performance efficiency of water-%CuO nanofluids and water at varied flow 
rate of 0.035 lit/sec, 0.045 lit/sec, and 0.065 lit/sec in an evacuated tube collector integrated with an heat exchanger. A heat 
exchanger made of copper tube connected to a horizontal pipe for collection of heat from a vertical tube, and a vertical 
copper tube for collection of heat from an evacuated tube collector for solar radiation were used in the investigation. Water 
showed no absorption, a low thermal capacity when it was not suitable for high thermal application for improvement in 
performance, the base fluid with colloidal dispersion of %vol CuO nanofluids in the force convection mode. The evacuated 
tube collector produced the highest efficiency of water −0.3% vol CuO nanofluids at flow rate 0.035 lit/sec compared to 0.1% 
and 0.2% vol of CuO nanofluids at flow rate of 0.045, 0.065 lit/sec and water. A comparison to the water CuO nanofluids 
with the highest effective concentration showed a greater increase in thermal efficiency.The performance of theworking fluid 
performances was examined for parameters like exit temperature, specific heat, thermal conductivity, energy productivity, 
and efficiency utilizing.

Keywords Evacuated tube collector · Heat exchanger · Water-CuOnanofluids · Flow rate

Nomenclature
ETC  evacuated tube collector
FR  flow rate
HX  heat exchanger

Introduction

Energy is one of the vital and needed necessities of life. 
There is a significant reliance on conservative energy sources 
for energy production for sustaining our lives in the present 

situation. The cost of fossil fuel sources of vigor cost is seen 
increasing at a fast rate. Hence, change to in the renewable 
form of energy is necessary. Renewable energy sector has 
a predictable task in the sustainable growth capability. The 
needs of the present and future generation for meeting their 
requirements are extensive, considering the energy crisis 
arising from the development of solar energy-based systems. 
Evacuated tube collector (ETC) has been on use for more 
than 20 years. However, it has not recently presented any 
severe competition to flat plate collectors, as it minimizes 
convective, radiation, and emissivity heat loss of the absorber 
surface, ETC is made of double-coated vacuum tubes. An 
issue with the design of ETC is the difficulty of continually 
extracting heat from a long thin absorber vacuum tube.

Sabiha et al. (2015a, 2015b, 2015c) in their latest ETC 
studies have indicated the collector’s enormous potential 
for energy-producing industries and research organizations. 
Kumar and Yadav (2015) compared three solar water heat-
ers at 220° and 450° inclination of the collector tube and 
separated the hot and cold fluids inside the tube. The tem-
perature fluctuations of the first system compared to other 
systems were 30°C and 20°C, respectively. The temperatures 
in the second and the third at 450° inclination of the collec-
tor tube were 240°C and 210°C, respectively more than the 
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first. Yadav et al. (2017) investigated the increase in solar 
still coupled with ETC and saw it providency the highest 
daily yield (4.24 kg/m2/day) among all active solar stills. 
A double-layer wick solar still coupled with ETC provided 
114% higher distillate yield than a simple solar still. Kumar 
and Chinnapandian (2018) did investigationwere related to 
forced type ETC with absorber plate thatproduced much 
energy. The air temperature distinctionattributed to flow 
rate (FR) at 0.027 lit/sec was reduced from 107.6 to 67.7°C 
between 12.00 and 1.00P.M with an absorber plate. The exit 
temperature of ETC with absorber plate was 13.6% more 
than that without it. Wang et al. (2017) found a novel evacu-
ated receiver helping a reduction in total heat loss when 
the working temperature exceeded 296°C. The percentage 
reduction in heat loss was 19.1% at higher working tem-
peratures of 480°C. Patel and Patel (2013) found the out 
performance of ETC over flat plate collectors due to lower 
convection losses, which they demonstrated using compu-
tational fluid dynamics and experimental analysis methods. 
Kalbande et al. (2016) looked at the use of electricity in a 
hot water system. However, calculations showed the pres-
ence of more than 266 L of hot water per kilowatt-hour of 
electricity, enough for a maximum of 14 students. Capacity 
shortage of 760 L was found for 38 students. According 
to Hlaing and Soe (2012) more sun radiation was required 
for reaching the maximum temperature of hot water and 
the ETC collectors were seen as more efficient than heat 
pipes and flat plate collectors. According to Thomas et al. 
(2014), the performance of the FR rate, incoming solar radi-
ation, and temperature difference between the intake and 
output are all factors in tubular collectors. Collectors with 
a concave reflector were effectively diverted into the cop-
per tube’s focal point, speedy heating up of water. Kadyan 
(2018) analyzed the ETC with heat pipe CFD modeling and 
observed an increase in the pressure drop, velocity, FR, heat 
transfer coefficient by increasing the inlet at different FR 
(0.047 and 0.167 kg/s) and different temperatures. Rashak 
et al. (2016) saw the maximum efficiency around the sys-
tem as 51% and the coefficient of heat loss as 1.81 W/m2K. 
The results obtained from the tests were used for further 
designing and improvements in the evacuated collectors for 
any location globally and specific applications. Sharma and 
Pathak (2016) observed the influence of parameter variables 
like solar intensity, wind velocity, tilt angle and receiver 
numbers, concluding that the maximum productivity was 
achieved when the horizontal angle of ETC was 15°C with 
the use of for ETC’s. Arora et al. (2011) found the ETC to 
be more productive than other FPC, helping achievement of 
a maximum temperature between 170 and 180°C. Ayompe 
et al. (2011) conducted tests on a parallel evacuated tube 
made of the transparent form of the outer tube for absorb-
tion of solar energy. The inner tube was coated with a spe-
cific absorption coating with nominal reflective property. 

The heat was absorbed and stored by the tubes in the inner 
vacuum tube for elimination of conductive and convective 
heat loss. The experimented on a flat plate collector and an 
ETC under various settings for obtaining monitor energy 
efficiency. The results showed ETC performance far better 
than the FPC, for example, performance, energy consump-
tion, thermal conductivity, heat transfer coefficient, and 
energy conservation.

Nanoparticle: experimental approach

Chaudhary et al. (2017) found the device employing  Al2O3 
as the working fluid within the heat pipe a significant heat 
absorption capacity in the effectiveness of heat of nanofluids 
in solar water heaters with ETC was seen as better than that 
of traditional heaters. They also looked at the impact of 
FRover the condenser and inclination angle on ETC output. 
Mujawar and Shaikh (2016) did a work with focus on the 
enhancement of nanofluids filled heat pipe ETC in a forced 
convection mode compared to traditional ETC. An increase 
in the tilt angle from 20° to 30° caused a decrease in heat 
rate oftransport, both the outcomes of the experiments 
revealed an increase inthe solar collector instantaneous per-
formance. The study of Kang et al. (2019) was based on CuO 
nanofluids efficiency of the ETC. The solar tubes efficiency 
was found as above 420 kg/s-m2 with a FR of 598 kg/s-m2. 
The output of asolar collector with a maximum output of 40 
nm-CuO was 69.1%. Nanofluids of 80 nm-CuO improved by 
2.0%. The use of CuO nanofluids could help improvement 
in efficiency compared to water under wide-operating condi-
tions. In addition, Lu et al. (2011c) worked in the CuO/
deionized water nanofluids used for increasing performance 
in an evacuated tube solar collector. The result showed a 
30% increase in the heat transfer coefficient relative to evap-
orator deionized water, while the mass concentration was 
1.2% at the highest rise in heat temperature. Al-Mashat and 
Hasan (2013) improved the performance of the ETC collec-
tor using  Al2O3/water nanofluids and by adjusting the tilt 
angle position collector. They found the best tilt angle for 
ETC was 41% and an improvement of 28.4% with 1% and 
6.8% with 0.6, 0.3% concentration of  Al2O3/water nanofluids 
in collector efficiency with no sensible effect. Hussain et al. 
(2015) used  ZrO2/water or Ag/water nanofluids in their 
investigation of the collector’s performance. They saw a rise 
in the solar collector’s efficiency compared to water in both 
nanofluids, especially at high inlet temperatures. The collec-
tor’s performance with Ag/water nanofluids, on the other 
hand, was superior to that with  ZrO2/water nanofluids. When 
heat from the collector went through 20% of nanoparticles 
such  Al2O3,  TiO2,  SiO2, and CuO dissolved in base fluid, 
which enhanced thermal conductivity, there was a rose in 
the efficiency to a maximum value of 62.8%, according to 
Kim et al. (2016). Xiong et al. (2021c) studied the migration 
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of Ag-Al2O3 hybrid nanoparticles based on by Brownian 
motion and thermophoresis processes. The results demon-
strated the use of hybrid nanofluids and large concentrations 
of nanoparticles causing a decrease in heat transfer rate and 
a marginal rise in temperature, conductivity ratio, radiation 
parameter, porosity coefficient in the higher level. Izadi et al. 
(2013b) performed an experiment on the effectiveness of 
nanofluids for a change in Reynolds number and the pressure 
resulting from a change in the Brinkman number. Izadi et al. 
(2015) focused on the modeling of effective thermal conduc-
tivity and viscosity of carbon-structured nanofluids with 
interactive effects of temperature and weight percentages of 
multiwall, single wall, and nanoporous carbon nanotubes. 
Shehzad et al. (2021b) made assessement of the Buongiorno 
theory of nanomaterials and found the problem of Brownian 
movement and thermophoresis having an impact on the flow 
model. Variable thermal conductivity of the energy equation 
was solved using the Cattaneo-Christov heat diffusion the-
ory, while that in the complex nonlinear system was solved 
using the Runge-Kutta-Fehlberg technique. Sajjadi et al. 
(2021) investigated the natural convection flow in copper/
water nanofluids filling a porous cavity with periodic tem-
perature distribution using the lattice Boltzmann method 
with a growth in the Rayleigh number grows, there was an 
increase in the effect of the Darcy number on the rate of heat 
transfer increases, raising the average Nusselt number by a 
maximum of 12% to 61%. Izadi and Assad (2021) reviewed 
homogeneous dispersion of nanoparticles represented by 
nanofluids (nanometer-sized particles in the base fluid). The 
fluids in which the nanoparticles were suspended dramati-
cally improved in thermal conductivity and heat transfer. 
Lanjwani et al. (2021) reported concentration of nanoparti-
cles causing a decrease in Schmidt number and increases in 
Brownian movement, with increase in the convective heat 
transfer parameter when the suction of the magnetic param-
eters was increased with unsteadiness parameter. Parameters 
of the drag force, skin-friction factor, rate of mass, and heat 
transfer were also discussed. Shahrestani et al. (2021) inves-
tigated the natural convection of a nanofluid inside a parti-
tioned circular enclosure in the presence of a flexible (mov-
able) wall. The findings showed the amount of stresses 
exerted by the fluid directly having effect on the quantum of 
deformation in the plate. Xiong et al. (2021b) saw significant 
enhancements in the thermal and optical performance of 
solar thermal energy systems with the employment of hybrid 
nanofluids. The thermal efficiency of the nanoparticles was 
seen as directly proportional to the fraction value of the con-
ventional fluids. They worked on the fluid force requirements 
and stability limits of fluids. Delouei et al. (2019) have 
reported on the impact of nanofluid turbulent flows on ultra-
sonic vibration, pressure drop, and heat transfer enhance-
ment with a rise in both Reynolds number and inlet tempera-
ture found helpful for future research on the development of 

vibrating heat exchanger (HX). Shehzad et  al. (2021a) 
showed the vertical alignment of the fins increased the ther-
mal performance of nanofluids more than the horizontal 
arrangement of the fins and also mode of heat transfer of 
adjacent fins and HX. Huu-Quan et al. (2021) indicated the 
performance of double-pipe HX covered by flat inner pipes 
with nanofluids which compared at low and high Reynolds 
numbers. Izadi et al. (2013a) looked into nanofluids flowing 
in an inner annulus having influence on the performance. 
The problems of dimensionless axial velocity and tempera-
ture were solved using the finite volume method, and also 
variations in the convective heat transfer coefficient of the 
walls depending on the Richardson number ratio of the inner 
and outer tube. Mehryan et al. (2020b). studied the simula-
tion model of a displacement flexible wall interaction with 
an interior natural convection flow in a trapezoidal container 
.The results showed an increase in the Rayleigh number of 
enclosures resulting in increased cavity wall inclination 
angle heat transfer with no impact on strains caused by parti-
tions. In particular, a square cavity had a 15% higher rate of 
heat transfer than a trapezoidal cavity with side walls at a 
30° angle. Yan et al. (2020) worked on the heat conductivity, 
viscosity parameter, temperature, and heat exchange param-
eters of CuO nanofluids in a porous chamber with an ellipti-
cal tilted heater. The Runge-Kutta-Fehlberg approach was 
used by Ramesh et al. (2020) for the development of dimen-
sionless nonlinear ordinary differential equations over the 
axisymmetric Darcy-Forchheimer and energy flow of hybrid 
nanoliquid across a thin moving needle. Mehryan et al. 
(2020a) investigated the impact of two magnetic sources on 
the flow of melting and heat transfer within a cavity. The 
presence of two non-uniform convection fluxes had an effect 
on the heat absorption of the PCM-filled container. Izadi 
et al. (2020b) determined the precise fusion temperature of 
melting a magneto-ferro phase transition material in a hol-
low located between the rights and left insulated walls. The 
melting rate increased when the pair of sources was placed 
close to the insulated cold wall. Izadi et al. (2020a) did com-
putational inquiry on  H2O/Al2O3 nanoliquids and water-
based copper/aluminum oxide hybrid nanofluids (water/
Al2O3-CuO) in a horizontal isosceles triangle enclosure with 
porous media. The results seen demonstrateda rise in the 
temperature with an increase in the Darcy number increases 
due to the severity of the instabilities in the flow motion with 
the distribution of isotherms and streamlines becoming 
totally asymmetric. Izadi et al. (2014) made statistical ana-
lyzsis of the laminar mixed convection of an  Al2O3/water 
nanofluids flow in a chamber with a sliding upper wall from 
right to left flow and found achievement of a total heat trans-
fer reaching its maximum value and its two eddies at a low 
heat transfer rate. Xiong et al. (2021a) found nanofluids as 
superior to traditional fluids for a variety of applications 
including heat transmission. Compared to metal-based 
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nanofluids, non-metallic based nanofluids could be more 
beneficial for improving the efficiency of solar collectors. 
Very few experimental studies are seen on ETC efficiency 
enhancement with water nanofluids are seen in literature of 
different FR. This research examined the performance of 
water-% 0.1vol CuO, % 0.2vol CuO, and % 0.3vol CuO 
nanofluids and water at varied FR of 0.035 0.045, and 0.065 
lit/sec in the ETC with an integrated HX.

Preparation of nanofluids

Chakraborty and Panigrahi (2020) stated the stability of a 
nanofluid affects its thermophysical characteristics, includ-
ing its viscosity and heat conductivity. The performance of 
numerous heat transfer applications is enhanced by a sus-
pension of nanoparticles (dimension less than 100 nm) in a 
basefluid. The stability of nanofluids is affected by factors 
such as high temperature, pressure, composition, salinity, 
external magnetic field, and shear rate. Hybrid nanofluid, 
quantum dot, and stabilization approach methods used for an 
increase in the stability of nanofluids as one of the methods 
of nanofluids preparation as described. This nanopowder 
CuO was purchased from SWASCO Laboratories in Mum-
bai and its average particle wih size of 40nm was mixed in 
distilled water with a calculated proportion. The mixture was 

stirred well for proper mixing of the nanopowder. Encapsu-
lation of water, various % vol CuO nanofluids following the 
preparation is shown in Fig. 1. A differential calorimeter 
was employed for evoluation of the CuO nanofluids’ thermal 
conductivity and specific heat (model: DSC 3000, Perkin 
ElMER, and USA).

CuO nanofluids’ thermal conductivity and specific 
heat

The thermal conductivity increased due to an increased per-
centage of nanofluids due to Brown’s movements between 
particles causing increase in the activity of nanofluids, and 
increased efficiency in heat transfer. Fewer heat losses than 
the solar collector wereseen due to the smaller parameter 
with a loss of heat. The solar collector had small heat loss 
parameters in a wide range of operating circumstances, 
maintaining high thermal efficiency. Heat gain and mod-
est thermal loss parameter were found in a high-efficiency 
solar collector. The thermal conductivity of three volumes 
of water-CuO nanofluids was measured as 0.1, 0.2, and 0.3 
vol% within the 10–100°C range, as shown in Fig. 2a. The 
thermal conductivity of CuO nanofluids was substantially 
higher than that of water, with conductivity increasing with 
increasing volume fraction and temperature. Fluctuations 

Fig. 1  Encapsulation of water—
%vol CuO nanofluids

Fig. 2  a Thermal conductivity 
and (b) specific heat of water-
vol. % CuO
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in solar radiation throughout the day, with a minimum in 
the morning, a high around 1 P.M., and a decrease subse-
quently helped making an increase in thermal conductiv-
ity with temperature useful for collectors. As a result, CuO 
nanofluids could absorb more heat released by the heat pipe 
while passing through the collector’s manifold when com-
pared to water. The specific heat of water—0.1, 0.2, and 0.3 
vol % CuO is presented in Fig. 2b. CuO nanofluids were 
measured within the temperature range of 10–100°C, for 
every 5°C increase.

Experimental setup

The object of the experimental observation is to enhance 
the heat transfer of ETC using of CuO-water nanofluid as 
a working fluid. The proposed systemconsisted of set of 
evacuated tubes.with outerdiameter (OD), inner diameter 
(ID), and lengh were 0.08, 0.04, and 2.5 m respectively. 
The surface area of each set of ETC was as 4.8  m2. One 
end of the ETC was connected with the supported of a HX 
consist of manifold and a frame supported in the other end. 
The photoview of experiment setup as shown in Fig. 3a, 
heat exchanger are mounted inside the manifold as shown 

in Fig. 3b. Figure 4 shows the schematic representation of 
the experimental set-up.

In order to return internal fluid to the hot absorber, 
the ETC heat pipe was mounted at a minimal inclination 
angle of 25°. Consequently, the collector tilt angle was 
set to 30°. The internal HX and the storage tank con-
tained a pump that circulates working fluid through the 
flow control value. A tank with a capacity of 80 L with 
20 ETC was installed on the solar system for the absorb-
tion of the collector’s heat. The channel of the manifold 
was made of a Hollow rectangular channel with 0.40 m, 
0.20 m, and 5.4 m, respectively for outer, inner, and long 
sides. The external tube was transparent to allow for 
negligible reflection of light rays, but a unique selective 
(Al-N/Al) internal coating with high sun ray absorption 
and low reflecting properties was applied to the tube. 
In this process, the working fluid entering the copper 
tube, absorbed heat from the ETC tube, and collected 
the heat during the heat exchange process. The experi-
mental setup was installed for the detection of the ETC 
thermal efficiency through the measurement of devices 
for measurement at the tank’s entry and exit points and 
the ambience.

Fig. 3  (a) Photo view of 
experimental setup. (b) Heat 
exchanger are installed inside 
the manifold

Fig. 4  The schematic arrange-
ment of the operation in ETC–
heat exchanger
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Measuring instrument

A PT100 resistive temperature device showed changes in 
resistance can be measured at intervals up to 450°C with a 
resolution of 0.1°C. It was made of copper, nickel, or nickel-
iron metallic elements or alloys. The indoor humidity moni-
tor of AcuRite 613 made facilitated reading the temperature 
and moisture were monitored on a daily basis. The FR of 
water or waste oil was measured at the beginning of the 
experiment by using a water spark–type flow meter. The 
measuring range of the instrument was 1 to 30 lit/sec, and its 
revolution was 0.001 lit/sec. A 10-channel data logger was 
used for storage and processing of data from the sensors. For 
measurement of the global radiation, we used TES 133R, the 
solar meter. Using a pressure sensor can measure the dif-
ference between the pressures by an anemometer called the 
PROVA (AV M-07) for measurement of the wind speed. All 
data was then transmitted through an interface cable from 
the data logger to the computer. Several calibrations were 
performed for the entire system to ensure data accuracy. All 
the instruments used were calibrated according to the stand-
ards used in this experiment.

Efficiency calculations

The performance test for the collector was carried out in a 
stable state. The temperatures for input and outlet at various 
FR were measured (0.035, 0.045, and 0.065 L per second). 
Hematian and Bakhtiari (2015) have defined the collector’s 
thermal performance as the proportion of useful heat gain to 
solar radiation incident. The following equations were used 
for finding the efficiency of the collector.

where QG is the gained valuable heat by the ETC (W) and 
Q is the ETC-absorbed solar incident radiation. m is the 
collector’s rate of flow in (kg/s), CP is at constant pressure 
specific heat in (J/kg °C).T1, T2 is the storage tank’s inlet and 
outlet temperature. Iβ is the amount of solar radiation with 
precision ± 10 W/m2 and resolution of 0.1 W/m2 measured 
by solar meter. AC is the ETC area, V is the speed of the 
water-CuO nanofluid flow measured in 0.1 m/s accuracy, S 

(1)�c =
(

QG

/

Q

)

× 100 in %

(2)Qc = mCP

(

T
2
− T

1

)

in watts

(3)Q = Iβ × AC in watts

(4)m = ρ S V in liter∕
sec

(5)A = 2NDL in m2

is eclipsed area of tubes in  m2, N is the number of tubes, D 
is the outer diameter of ETC, and L is the length of the ETC.

Uncertainty analysis

The most vulnerable parameter of distillate water is the 
experimental error, determined in terms of % uncertainty 
for both the internal and external surface of ETC. Nakra 
and Chaudhry (2003) evaluated the following uncertainty 
equation (U) used to solve in the ETC .

where σ is the standard deviation as follows:

where (Xi − X) is the deviation from the mean N and N0, 
number of set and number of observation in each set , 
respectively

where Ui is the internal uncertainty equation for the ETC. 
The observed yield (distilled water) values were deemed to 
be within the % uncertainty.

Comparison of the experiment research

Lu et al. (2011b) measured the efficiency of the ETC tube 
using particles of the size of 50 nm at 0.8–1.5% CuO/water 
volume concentration. The result demonstrated an increase 
in heat transferrate and mass concentration of CuO nano-
fluids increase. Sabiha et al. (2015a, 2015b, 2015c) experi-
mented on SWCNT/water on ETC at vol % 1–2, 0.05, 0.1, 
0.2 as a working fluid at rate of flows 0.008, 0.017, 0.025 lit/
sec. The result showed an improvement in energy efficiency 
in terms of increased concentration of FR. The collective 
performance was greater during the cloudy than sunny days 
than in water at the same FR. Using 0.03, 0.06% vol CuO/
water nanofluids, Ghaderian and Sidik (2017) experimented 
on ETC. They saw a linear rise in the coefficient of heat 
transfer in relation to water in the concentration in the vol-
ume of nanofluids. Increase in their average output tempera-
ture within this concentration range was approximately 14%. 
With 0.03, 0.06% vol  Al2O3/water nanofluids at a FR of 
20–60 l/h. The result showed a 58.65% improvement in the 
efficiencyof the collector at 0.06 %vol of nanofluids relative 
to water. Mahendran et al. (2012b) tested  TiO2/water with a 
30–50 nm concentration at a FR of 2.0, 2.7, 3.0, 3.5 L/min 
at ETC with 0.3 % vol. The result showed a 19.0% increasein 

(6)U =

√

�
1
2 + �

2
2 + �

3
2 + − − −�n

2

N

(7)
� =

√

Σ
(

Xi − X
)2

N
0

(8)% internal uncertainty =
Ui

mean of total observation
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the temperatureof the nanofluidsover water and a 16.07% 
increase in its corresponding overall performance. At a rate 
of flow 0.015, 0.00125 kg/s, Chougule et al. (2012) experi-
mented on ETC using 10–12% vol of CNT/water nanofluids. 
The result showed the good performance of nanofluids even 
at a low concentration of 0.015%. The performance was also 
economical. At 50°C tilt angles, both working fluids and 
their improved solar heat pipe average efficiency at 500°C 
tilt angles provided better results. In solar collectors, the 
performance of nanofluids in terms of outlet temperature,the 
highest CuO nanofluid temperature of 345°C with concen-
trations of 0.03 and 0.06% showed an increase of approxi-
mately 14% of the average temperature output (Table 1).

Earlier studies show enhancement in thesolar collector’s 
efficiencyby 5–17% through the use of nanofluids. Litera-
ture shows very few techniques found useful in experimental 
research on how ETC performance can be improved in vari-
ous ways with the use of the test method. High conductivity 
of experimental and psychological tests of ETC discharge 
using CuO nanofluids was found ineffective. As a result, 
the performance of the ETC was investigated using a CuO 
nanofluids test process, the concentration of CuO nanoflu-
ids, and the FR of the working fluid in this study. Thermal 
effectiveness of the ETC when using CuO nanofluids has 
been compared with that of water.

Results and discussion

The system resolution was developed with the intention 
of analyzing the mean value of the parameters in ETC. 
In the month of May 2020, the study was conducted at 
23.8° N llatitude, 72° E longitude as the traditional Indian 
summer. Measurements were made for 30 days, and the 

environmental temperature varied from 28 to 38°C during 
the period. Results of the nanofluids FR and concentration 
were seen.

The construction of the evacuated tube included internal 
passages integrated with copper tube which absorbed heat 
from outer tubes (borosilicate aluminum glass). One end was 
connected to the HX and other end to the frame support. The 
performance of ETC was measured from water-%vol CuO of 
nanofluids at different FR from the storage tank is circulation 
through a HX, and its corresponding temperature of inner 
and outer tube was measured. Thermal insulation was also 
used for preventation of convection losses. The inner and 
outer tubes were separated considering high vacuum con-
ditions maintained, thus increased the efficiency of energy 
conversion while lowering convection and conduction heat 
losses and assisting in atmospheric pressure resistance. The 
exterior coating applied to the tube had the effect of absorb-
ing solar radiation, and as a result, the electromagnetic wave 
had the ability to reach the required temperature, so the inner 
coppertube in the HX reached a higher temperature. The 
study was carried out at FR of 0.035, 0.045, and 0.065 lit/
sec. The experimental system consisted of HX, pump, flow 
metre, manifold channel, ETC, and storage tank. Addition-
ally, the performance of the ETC was used in the estimation 
of the output temperature, sun intensity, and FR of the water-
vol% CuO nanofluids.

Comparison of solar radiation of ETC

For each test, identical sun radiation and ambient tempera-
ture were used as experimental data for accessment of and 
comparision between the effects of various FR across a num-
ber of days. The primary determinant of ETC performance 
is the solar radiation intensity, which changes hourly as seen 

Table 1  Based on the performance of CuO nanofluids in solar collectors

S. no. Author Important findings Reference no.

 1 Ghaderian et al. (2017) With concentrations of 0.03 and 0.06%, the highest temperature of CuO nanofluid 
345°C showed an increase of around 14% of the average thermal output

51

2 Sabiha et al. (2015a, 2015b, 2015c) Temperature outlet maximum around 72°C 52
3 Mahendran et al. (2012a) Nanofluid temperature increase is 19.0% higher than water 53
4 Asirvatham et al. (2009) low volume concentration of CuO nanoparticles, the  convective heat transfer coef-

ficient was improved by 8%.
54

5 Alim et al. (2013) CuO nanoparticles  reduce entropygeneration by 4.34% and enhance heat transfer-
coefficient by 22.25%.and its overall performance increased.

55

6 Moghadam et al. (2014) At maximum mass flow rate of  collector efficiency increases of 16.7%. 56
7 He et al. (2015) For Cu 25 nm, 01% wt gives highest temperature andheat gain increased up to 

12.24% and 24.52% respectively compared with water.
57

8 Lu et al. (2011a) CuO nanofluids influence heat transfer property on open thermosyphon enhanced 
along with massconcentration.

58

9 Ghaderian et al. (2017) Heat transfer coefficient linearly increases within volume concentration range, the 
average outputtemperature increased by 14% approximately

51

12734 Environmental Science and Pollution Research  (2023) 30:12728–12740

1 3

RETRACTED A
RTIC

LE



in the Fig. 5. In this experiment, the initial and maximum 
solar radiation readings were about 585 W/m2 and 890 W/
m2, respectively. The thermal gradient seen was more at 
noon due to increased sun radiation and the surrounding 
temperature. ETC efficiency was at its highest for each rate 
of flow water-vol% CuO.

When the outflow occurred in the region, there was a 
slight increase in the temperature from the initial low tem-
perature, higher relative humidity, and comparable inflow. 
Achievement of sufficient melting and stability of the 
water-vol% CuO nanofluids inside the collection tubes was 
a challenging role with increasing after every hour as the 
temperature inside the ETC exceeded 70°C. During nor-
mal operation, the temperature inside the tubes rose until it 
reached its maximum stable value. The outcome revealed a 
rise in temperature from 12 to 1 P.M., followed by a slight 
increase in value due to sunlight, increase in as well as % 
vol CuO-water nanofluids sufficient melting and stability of 
the heat storage and its happen high heat loss through col-
lector tubes but the overall efficiency of the collector was 
increased.

At 9.00am, the radiation intensity was 685 W/m2, and it 
progressively grew until 1 pm, when it reached a maximum 
of 890 W/m2. After that, the radiation intensity gradually 
reduced. As solar radiation rises, more heat is absorbed by 
the ETC absorber tube, which is then transferred into the 
HX, raising the temperature to a maximum of 95°C. Accord-
ing to Arora et al. (2011), the increased overall effective-
ness of parallel ETC is primarily dependent on solar energy 
absorption. To prevent convective and conductive heat loss, 

the tubes in the inner vacuum tube absorbed the heat and 
stored them.

Comparison of outlet temperature of ETC

ETC surrounding tubes improved heat conductivity 
and convective heat transfer capacitydue to Brownian 
motion–induced convection of nanoparticles. Brownian 
motion is incapable of operating under static conditions and 
has an outstanding effect when used in an evacuated collec-
tor system due to the fact that nanofluids flow in tubes. The 
Brownian motion method of cluster formation uses clusters 
of nanotubes for transfer of large energy, enhancing the per-
formance of the collector. There was an increase in the rate 
of heat transfer of nanofluids depending on the size of the 
nanoparticles. As a result, concentration of CuO nanofluids 
exhibited better thermal properties..

Figure 6 shows the experimental outlet temperature of 
ETC with variations over time at water-vol % CuO at FRof 
0.035, 0.045, and 0.065 lit/sec. At a rate of 0.035 lit/sec, 
the outlet temperature of ETC using water-0.3vol% CuO, 
water-0.2vol% CuO, and water-0.1vol % CuO nanofluids 
reached 95°C, 93.5°C, and 91.8°C, respectively, and water 
temperature exceeded 90°C. Under the same circumstances, 
at the flow of 0.045 lit/sec, decreases in the temperature were 
93.5°C, 92°C, 90.3°C, and 88.4°C and, at the rate of 0.065 
lit/sec decreases in the temperature were 92.1°C, 90.6°C, 
88.9°C, and 87°C correspondingly. When ETC used water-
0.3vol % CuO nanofluids at a FR of 0.035 lit/sec, the outlet 
temperature was superior to 0.045, 0.065 lit/sec.

Fig. 5  Time vs. solar intensity 
of radiation
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The amount of thermal energy transmitted and increase 
in heat absorbed when a concentration of water-0.3vol% 
CuO nanofluids were used as a working medium. Com-
pared to water-vol% CuO nanofluids, this improved the 
solar collector’s thermal efficiency resulting in less exter-
nal heat loss. Earlier studies the absorption of a larger 
amount of heat at a low rate while releasing less amount of 
radiant heat loss compared to a high FR. Therefore, at a FR 
of 0.035 lit/sec compared to 0.045, 0.065lit/sec absorbed 
more energy. At 1–2 P.M., more energy was absorbed at 
water-0.3vol%. CuO nanofluids at a FR of 0.035 lit/sec due 
to high intensity of radiation, less humidity ratio, and envi-
ronment loss being small. A heat loss factor ((Ti-Ta)/G was 
employed in the analyze of the solar collector’s thermal 
efficiency due to alterations having a substantial impact 
on it. Furthermore, the optimum efficiency of the solar 

collector was at Ti = Ta, and when the heat loss factor 
increased, the efficiency declined.

Comparison of efficiency of ETC

Analysis of the efficiency of the ETC collector in terms 
of operating temperature and concentration of water-
CuO nanofluids showed an increase in the temperature of 
the nanofluidsfrom 5 to 7°C with a different FR. A linear 
increase in thermal conductivity of CuO nanofluids was seen 
with a higher percentage of nanofluids and at a operating 
temperature, the system’s linearity improvedUnder all oper-
ating conditions, the ETC using CuO nanofluids with 40 
nm-sized nanoparticles was reasonably compact and effec-
tive. Figure 7 shows the ETC collector efficiency with water-
0.3vol%, water-0.2vol%, water-0.1vol% nanofluids and water 

Fig. 6  Outlet temperature 
of ETC—water-vol%. CUO 
nanofluids
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as a working fluid at FR of 0.035 lit/sec, 0.045 lit/sec, and 
0.065 lit/sec. The overall performance of a solar collector 
using water-0.3vol% CuO nanofluids was better than water-
0.2vol%, water-0.1vol% CuO nanofluids, and water under 
the same operating conditions.

Fluctuation in the collector’s efficiency were more in the 
beginning with a reduction over time. However, up to 1–2 
P.M., there was a gradual improvement in efficiency. The 
highest efficiency of 80.2% was attained between 1 and 2 
PM using water-0.3vol%. Water-0.2vol% CuO nanofluids 
at 78.3%, water-0.1vol%. CuO nanofluids were 76.4%, and 
water was 74.5% at the FR of 0.035 lit/sec, respectively. 
Under the same conditions, temperature decreases at the 
FR of 0.045 lit/sec were 78.5%, 76.6%, 74.7%, and 72.8%, 

while at the rate of flow of 0.06 lit/sec, they were 76.7%, 
74.8%, 72.9%, and 71%, respectively. ETC’s performance 
when using water-vol%, CuO and water as working fluid 
with FR of 0.045 and 0.065 lit/sec was higher at 0.035 lit/
sec due to increase in the thermal conductivity of the nano-
fluids relative to the concentration of 0.3vol% CuO, and its 
corresponding the efficiency also higher than 0.2vol% CuO, 
0.1vol% CuO and water. Increase in the aggregation stabil-
ity of scattering and viscosity helped a significant growth in 
the boundary layer on the surface of the wall with the use 
of the Brownian motion method of cluster formation with a 
concentration of water-0.3vol% CuO nanofluids. The value 
gradually dropped as a result of heat loss from the envi-
ronment and a reduction in solar radiation intensity. This 

Fig. 7  Efficiency of ETC—
water- vol%. CuO nanofluids
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occurrence showed the heat loss of ETC with water-0.3vol% 
CuO nanofluids as lower than that of water-0.2vol%, water-
0.1vol%, and water by 1.9%, 3.8%, and 5.7%, respectively.

The ETC comparison of different nanofluids provided 
information on nanoparticle size, fluid flow, tilt angle, con-
certation of the nanofluid mixed with water, FR of nanofluid, 
and efficiency. CuO/water, SWCNT/water,  Al2O3/water, and 
 TiO2/water were the nanofluids used in the comparison. The 
greater the volumetric percentage of nanofluids in the water 
improved efficiency, while a decrease in the FR improved 
efficiency. Table 2 shows a comparison of efficiency with 
previous research experiment.

Conclusion

Experiments with FR of 0.035, 0.045, and 0.065 lit/sec and 
different combinations of working medium of water-vol% 
CUO nanofluids were performed for the determination of the 
efficiency of ETC. The conclusions showedan increase in the 
aggregation stability of scattering and viscosity, assisting a 
significant growth in the boundary layer on the surface of the 
wall with the use of the Brownian motion method of cluster 
formation with a concentration of water-vol% CuO nanoflu-
ids which improve the thermal efficiency. The findings of the 
experimentled to the following conclusions.

1. The outlet temperatures of ETC using water-0.3vol%. 
CuO nanofluids achieved the highest figures of 95°C, 
water-0.2vol%. CuO nanofluids at 93.5°C, water-
0.1vol%. CuO nanofluids were 91.8°C, and water was 
90°C at 0.035 lit/sec flow, respectively. Temperature 
decrease under similar conditions at theFR of 0.045 

lit/sec were 93.5°C, 92°C, 90.3°C, and 88.4°C. At the 
FR of 0.065 lit/sec, the figures were 92.1°C, 90.6°C, 
88.9°Cand 87°C respectively.

2. The outlet temperatures of ETC using water-0.3vol%. 
CuO nanofluids at a FR of 0.035 lit/sec was more than 
FR of 0.045, 0.065 lit/sec.

3. The maximum efficiency of the collector was 80.2% with 
the use of water-0.3vol% CuO nanofluids, water-0.2vol% 
CuO nanofluids at 78.3%, water-0.1vol%. CuO nanoflu-
ids were 76.4%, and water was 74.5% at the FR of 0.035 
lit/sec, respectively. With similar conditions and at the 
FR of 0.045 lit/sec, decreases in the temperature were 
78.5%, 76.6%, 74.7%, and 72.8% and a rate of 0.065 lit/
sec, decreases in the temperature were 76.7%, 74.8%, 
72.9%, and 71% respectively.

4. The efficiency of ETC using water-0.3vol% CuO 
nanofluids atFR of 0.035 lit/sec was more than water-
0.2vol%, water-0.1vol%. CuO nanofluids and water 
working fluid as well as the flow of 0.045 and 0.065 lit/
sec.

5. A significant improvement was seen when water-
0.3vol%.CuO nanofluids were used in the ETC, the per-
formance compared to the water-0.2vol%. CuO nanoflu-
ids, water-0.1vol%. CuO nanofluids and water.

Future commendation for futhur use

The thermal efficiency of solar collectors utilizing nanoflu-
ids as working fluids is the subject of this research. More 
research is required, however, in the gain of more profound 
expertise in nanofluids. The inference of thermal conductiv-
ity and outlet temperature from nanofluids has been used 

Table 2  Comparison of efficiency with different nanofluids in previous research

Type of nanofluid Nano particles 
size (nm)

No of ETC, method, 
and title angle

Volume concentration and FR Efficiency

SWCNT/water
(Sabiha et al. 2015a, 2015b, 2015c)

1–2 Two-step 0.05, 0.1, 0.2 vol%
0.008, 0.017, 0.025 kg/s

0.05 vol.%—84.88%;
0.1 vol.%—90.98%;
0.2 vol.%—93.43%
with 0.025 kg/s

Al2O3/water
(Ghaderian et al. 2017)

40 18 Nos
Two-step
45o

0.03, 0.06 vol%
20–60 I/h

0.03 vol%—39.52%; 
0.06 vol%—58.65%

with 60 l/h
CuO/water
(Ghaderian et al. 2017)

N/A 18 Nos
Two-step
45o

0.03, 0.06 vol%
20–60 I/h

0.06 vol%—51.4%;
0.03 vol%—41.9%
with 60 I/h

TiO2/water
(Mahendran et al. 2012b)

30–50 16 Nos
Two-step
8.2o

0.30 vol%
2.0, 2.7, 3.0, 3.5 LPM

Al2O3—73%
TiO2—58%
With 3.5 LPM

Water–CuO
(present work)

40 20 Nos
Two-step
300

0.1, 0.2, 0.3 vol%
0.035, 0.045,0.065 lit/s

0.3vol%—80.2% 
0.2vol%—78.3%, 
0.1vol%—76.4%

With 0.035 lit/s
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in this analysis. Particle size, shape, mass concentration, 
volume concentration, agglomeration, and sedimentation 
are all parameters of nanoparticles that have a significant 
impact on the thermal conductivity of nanofluids will need 
more attention in the future. Apart from that, a study of 
advanced nanofluid characteristics and how they are used in 
solar energy–harvesting systems are needed. Enhancement 
of the efficiency and performance of collectors using nano-
fluids requires determination of the optimal FR of nanoflu-
ids in solar thermal systems.
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