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Abstract
The main objective of this study is to lower the greenhouse gases by developing and optimizing a solar flat plate collector. The
rifled tube is integrated into the collector to increase the thermal heat transfer thereby improving its performance. Two flat plate
collectors, one with in-housed longitudinal fins and another without fins of 0.5 m2 collector area, have been intended and
fabricated with provisions for K-type thermocouples to examine the temperature variations inside the collector for different
working fluids. This current study reveals using CuO and Al2O3 nanoparticles in varying weight fractions in incremental order to
study the effect of weight fractions on the efficiency of the collector. The simulation was done using computational fluid
dynamics both for the finned and without finned tube collectors separately and the outcome of the results for the collector outlet
temperatures is compared with the experimental one and results show a valuable outcome for the intended collectors. Initially, the
test was conducted with pure distilled water as working fluid and further nanoparticles were opted and doped inside the collector
side for varying weight fractions of 0.2% and 0.4% and their results are compared. The experimental results showed an improved
heat transfer was pragmatic in the collector side for using nanoparticles. Mixing the nanofluids exhibited superior efficiency on
the collector side. The results showed after successful trials of experimentation, doping of CuO nanoparticles by varying weight
fractions of 0.2% and 0.4%, augmentation of the collector (unfinned) efficiency is 2.1% and 4.05%, and similarly for finned tube
collector, it is 3.02% and 5.5% for same weight fractions. In order to improve the thermal efficiency of collector, CuO is replaced
by Al2O3 nanoparticles; for dissimilar weight fractions, the efficiency is enhanced nearly by 3.7% and 6.54% for unfinned tube
collector, and for the finned tube, the collector is 4.8% and 7.8% respectively, compared with the base working fluid (water).
Experimentation of the collectors with finned tube type achieved a superior efficiency compared with that of unfinned tube
collectors which is proved to be higher when used for nanofluids to that of the base working fluid water.
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Nomenclature
Al2O3 Aluminium oxide
CuO Copper oxide

MHPAC-FPC Micro heat pipe array-flat plat collector
BN Boron nitride
MWCNT Multi-walled carbon nanotubes
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SWCNTs Single-wall carbon nanotubes
CNT Carbon nanotubes
H2O Water
CFD Computational fluid dynamics
TiO2 Titanium di oxide
nm Nanometre
Ag Silver
OD Outer diameter
LPD Litres per day
SFPWHS Solar flat plate water heating systems
FPC Flat plate collector
SFPC Solar flat plate collector
SEM Scanning electronic microscope
CTAB Cetyl methyl ammonium bromide
EDAX Energy-dispersive X-ray analysis

Introduction

Reducing the design cost of a solar collector can be ob-
tained using a stumpy material (reduction in durability) or
by altering the geometry of the collectors. Deduction of
the overall collector area can be made probable which is
the best method of improving the transmission of heat
rate. More methods have been employed and various ex-
periments were conducted to perk up the thermal perfor-
mance of solar water heaters. As an attempt in the direc-
tion to enhance the overall efficiency of solar collector’s

nano additives of CuO, it is mixed with base working
fluid water by varying weight fractions and in the flat
plate collector (Aruna et al. 2015). Up-gradation in the
collector efficiency would lay concrete for prerequisite
by reducing the size of collector area thereby decreasing
the cost for solar flat plate collector (Daniels et al. 2019;
Kumar 2019). Dinesh Babu and Venkata Ramanan 2016)
studied experimentally by comparing three different

Fig. 1 Experimental setup of
solar flat plate collector

Fig. 2 Photograph of the experimental setup
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nanofluids of alumina, copper and zirconium of varying
weight fractions of 0.2% and 0.4%. Results showed a
maximum efficiency of 55% for 0.4% Al2O3 nanofluids.
Huiminliu et al. (2015) studied a solar water heating sys-
tem by micro heat pipe array-flat plat collector (MHPAC-
FPC) in accordance with solar irradiation, and the result
showed there is a substantial augmentation in collector
efficiency nearly 62%. Dinesh Babu and Venkata
Ramanan (2015) investigated two different solar collec-
tors of and un-finned and finned collectors using Al2O3

nanofluids. Results showed for finned-tube collector effi-
ciency is increased for 3–4% when compared with
unfinned type collectors compared with base working flu-
id. Dinesh Babu and Venkata Ramanan (2016) configured
two different collectors, one with internal fin and without
a fin, and the result showed efficiency improvement of

Literature Survey
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With Internal Fins

B) Without Internal Fins

Identification of Nanoparticles

Synthesis of Nanoparticles

Characterisation of Nanoparticles

Addition of Nanoparticles

Performance Evaluation of SFPC without 
Internal Fins and with Nano Additives

Performance Evaluation of SFPC with 
Internal Longitudinal Fins with Nano 

Additives

Results and Discussions

Simulation

Fabrication

Baseline Fixation Using Water with and 
without Internal Fins Collectors

Performance Improvement of Solar Flat Plate 
Collector

Fig. 3 Methodology flowchart

Table 2 Details of the synthesized nanoparticles

Products Raw material Product size
(nm)

Monolayer volume
(cm3/g)

Surface area by BET method
(m2/g)

Density
(kg/m3)

Colour of
salt

Colour of the
product

Alumina Aluminium
nitrate

20 62.95 274.01 3960 White Pale yellow

Copper
oxide

Copper nitrate 50 2.07 9.05 6200 Blue Dark Brown

Table 1 Specifications of solar flat plate collector

Parameters Dimensions

Tank capacity 25 LPD

Length of collector (L) 945 mm

Width of the collector (w) 420 mm

Inner diameter of tube (di) 8.73 mm

Outer tube diameter (do) 9.52 mm

Pitch of the tube (tP) 100 mm

Number of tubes (N) 4

Thermal conductivity of plate material 386 W/mk

The thickness of the collector plate 1 mm

Height of fin 20 mm

Insulation material Glass wool
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nearly 4.5% compared with that of unfinned tube collec-
tor. Shkhair and Sanke (2015) conducted a CFD analysis
for helical fin and without fin riser tube solar collectors.
The result showed that for the same boundary conditions
during the analysis, outlet temperature is enhanced by
9.2 K and efficiency is 18.2% higher for helical fins com-
pared with that of without fin-type solar collectors.
Karmare and Tikekar (2010) analysed solar air heater
using CFD for the fluid flow and heat transfer, for circu-
lar, a square and triangular cross section in a rib grit
roughened surface. The results reveal that a square
cross-sectional ribs with 58° leads to better heat transfer

of nearly 30% for roughened plate over the smooth sur-
face. Yousefi et al. (2012) investigated the flat plate col-
lector of area 2.0 m2 using the base working fluid water,
as well as Al2O3/water nanofluids with a particle size of
15 nm at a weight concentration of 0.2% and 0.4%, and
test was carried out using with and without surfactant
TirtonX-100. The result showed efficiency was nearly
28.3% which is achieved for 0.2% weight fraction using
surfactants and 15.63% achieved without surfactant with
nanofluids. Yousefi and Veisy (2012) examined the effect
of multi-walled carbon nanotubes (MWCNT) for weight
fraction of 0.2% and 0.4% using TritonX-100 has surfac-
tant with varying mass fraction of 0.0167–0.05 kg/s. The
result showed that through an increase in the weight frac-
tions from 0.2 to 0.4%, there is a significant augmentation

Fig. 5 EDAX of Al2O3

Fig. 4 SEM image of Al2O3

Fig. 6 SEM image of CuO
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in the collector efficiency increased by 45.84 and 65.51%
respectively. Said et al. (2014) establish that the use of the
single-wall carbon nanotube (SWCNT) nanofluids in a
flat plate solar collector shows the least entropy genera-
tion weighted against Al2O3, TiO2 and SiO2 nanoparticles
in the same host fluid. Decrease in the entropy generation
through 4.34% as well as the augmentation of the coeffi-
cient of heat transfer by15.33% was observed as a result
of SWCNT nanofluids. Okafor (2013) conducted experi-
ments on a designed solar water heater which works by
the principle of them syphoning whose thickness is
50 mm, made up of fibreglass of collector area 1.6 m2

at a tilted angle of 7° (degree). The result showed the
attainment of an utmost temperature of 72 °C at an aver-
age gain in energy of 24 W/h and efficiency of solar water
heater is 42.4%. Gangadevi et al. (2013) conducted exper-
iments revealing that the thermal efficiency of a flat plate
solar collector could be improved by increasing the nano-
particle volume fraction and selecting a nanofluid
possessing higher thermal conductivity. Tiwari et al.
(2013) carried out a study of a solar flat plate collector
using Al2O3 nanofluids for volume fractions of 0.5, 1.0
and 1.5%. The result showed that the maximum efficiency
of 31.64% was obtained at a volume fraction of 1.5%
nanofluid. He et al. (2011) performed the test with two

different working nanofluids of TiO2/H2O and CNT/H2O,
and the result inferred for 0.5% carbon nanotube (CNT)
based water nanofluids is better opted working fluid for
better light heat conversion on a vacuum tube solar col-
lector. Faizal et al. (2013) focussed on the impacts of a
decrease in the collector’s size using the nanofluids as
base fluids. Multi-walled carbon nanotube (MWCNT)
nanofluids were used for diverse weight fractions of 0.2
and 0.4% fractions with and without surfactant and tested
for its efficiency. Lu (2011) investigated the thermal per-
formance of water-rooted CuO nanofluids in an open type
thermosyphon evacuated tubular collectors. The results
showed that using CuO nanofluids for the mass fraction
of 1.2% in an evacuated tube collector improves the rate
of heat transfer which augment the collector competence.
Aparna et al.’s (2019) study observed the thermal conduc-
tivity of hybrid nanofluid Al2O3-Ag is almost same as of
silver nanofluid, and most importantly, it was noted that
hybrid nanofluid has a good stability period of time.
Michael and Iniyan (2015) employed CuO/H2O nanofluid
of 0.3–0.21 nm average crystalline size and 0.05 vol% in
solar collector (flat plate). The efficiency reached 52.33%
by water and the efficiency further enhanced to 58% using
nanofluid. Qu et al. (2019) experimented using CuO,
MWCNT and CuO-MWCNT nanofluid indirect absorp-
tion solar collector and results exhibited those hybrid
nanofluids (CuO-MWCNT) have maximum efficiency

Fig. 7 EDAX of CuO

Table 3 Thermal properties of synthesized nanofluids

Nanofluid Concentration Thermal conductivity
(W/mK)

Density (kg/m3) Specific heat (J/kg K)

Al2O3 0.2% 0.6992 1178 3493

0.4% 0.7901 1118 2983

CuO 0.2% 0.641 1208 2917

0.4% 0.7322 1416 3423

Fig. 8 Ultrasonicator

45394 Environ Sci Pollut Res  (2020) 27:45390–45404



compared with the base fluids. Analysis of literature re-
vealed that no significant work has been carried out on
solar flat plate water heating system using internal fins
and nanofluids.

Materials and methods

Design of solar water heater

The basic elements of a solar water heater are the following:

a) Storage tank
b) Flat plate collector
c) Insulators and
d) Circulation system

Based on the literature survey, a 25-LPD natural circulation
solar flat plate collector has been designed adopting dual cir-
cuit concept. The primary circuit forms the flat plate collector
while the secondary circuit (ladder-type heat exchanger) is
linked to the storage tank. The holding capacities of these
circuits are 2.5 l and 25 l respectively. Dual circuit concept
has been adopted for it has been planned to use nanofluids as
the heat transfer fluid. The collector is designed with four
parallel riser 12-mm OD copper tubes of 1000 mm in length.
Headers of 25.4-mm OD have been designed for supplying/
collating water from the riser tubes. The outlet of the collector
has been coupled to the ladder-type heat exchanger present in
the storage tank. Provisions were made in the storage tank for
collecting hot water and supplying cold water. The outlet from
the ladder-type heat exchanger is attached to the inlet of the

Read Post processor 

Analyze the results 

Problem Definition

CAD Modeling of the Solar FPC

Discretization of CAD Model (by 
using Hyper Mesh)

Definition of Boundary condition

Simulation of the Discretized 
Model

Fig. 11 Flowchart for simulation

Fig. 10 Magnetic stirrer to ensure uniform dispersion for Al2O3

nanofluid

Fig. 9 Magnetic stirrer to ensure uniform dispersion for CuO nanofluid

Fig. 12 Solar collector model created using Pro-E
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flat plate collector thereby forming a looping arrangement.
Figures 1 and 2 depict the design of the experimental setup
and photographic view and Table 1 details the specifications
arrived at. Other general attachments like makeup water, sac-
rificial anode and air vent had been provided at appropriate
locations.

Methodology

The objective of the study could be broadly summarized as
lowering the cost of conventional solar flat plate water heating
system collector by reducing the collector area, which can be
attained by enhanced heat transfer (providing longitudinal in-
ternal fins and nanoparticles). Figure 3 depicts the methodol-
ogy adopted for achieving the objective.

Selection, synthesis and characterisation of
nanoparticles

The conventional approach of dispersing millimetre or
micrometre-sized particles in liquids for enhanced heat transfer
has three major technical problems, viz. rapid settling, poor
thermal conductivity at lower particle concentrations and clog-
ging of flow channels Chatur and Nitnaware 2015. Nanofluids
prepared from alumina/copper oxide were selected for carrying
out the experimental studies. These 2 metallic nanoparticles
were chosen for the study owing to its abundant availability,
lower cost and better longevity. Normally 4 methods preferred
for preparing nanofluids are namely chemical combustion
method, sol-gel method, chemical vapour deposition method

and oxide precipitate method. We have adopted a chemical
combustion method (Dinesh Babu et al. 2015) as it is compar-
atively the most economical, has ability to synthesize lower
particle size and has better ease of operation coupled with lower
gestation period (Simonetti et al. 2020; Sharafeldin et al. 2019;
Bhave and Kale 2020). Details of the nanoparticles synthesized
are detailed in Table 2. The fuel used, reaction temperature and
molar ratio adopted for both the nanoparticles were urea,
500 °C and 1:1 respectively.

Figures 4, 5, 6 and 7 show the SEM image of synthesis and
energy-dispersive X-ray analysis (EDAX) of Al2O3 and CuO
nanoparticles. The resulting nanofluid was subjected to ultra-
sonic treatment to aid better suspension of particles in the base
fluid.

The thermal properties of synthesized nanofluids were
measured by using KD2-PRO-thermal analyser and presented
in Table 3.

Phase analysis of the synthesized nanoparticles

The phase analysis is done for both nanofluids and preparation
of nanoparticle suspension is the first step of applying fluid in
heat transfer enhancement. In the present study, the metal
oxide nanoparticles were dispersed in distilled water by
ultrasonication without using any dispersant or stabilizer to
prevent any possible changes of chemical properties of the
nanofluids. Ultrasonication is the process of applying sound
energy to agitate particles in a sample, for preparing the ho-
mogeneous mixture. The process which uses ultrasonic fre-
quencies for about 20–40 kHz is known as ultrasonication or
ultrasonication (Gupta et al. 2015; Mercan and Yurddaş 2019;

Fig. 13 Meshed model using HyperMesh

Fig. 15 Internal finned tube-meshed model

Fig. 14 Internal finned tube CAD

Table 4 Mesh details for plain tube riser SFPC

Detail Plain SFPWHS Internally finned SFPWHS

Elements 1,602,701 3,690,458

Nodes 313,774 976,542
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Shareef et al. 2015). Sonication is commonly used in nano-
technology for evenly dispersing nanoparticles in liquids. The
ultrasonicator used to prepare the nanofluids is shown in
Fig. 8. The prepared nanoparticles are cooled to ambient con-
dition and mixed in the required weight fraction with distilled
water. The resulting solution is termed the nanofluid and then
subjected to ultrasonic treatment for better suspension of a
particle in the base fluid. Weight concentration which is a
mass ratio of the nanoparticles to the base fluid is used to
describe the nanoparticle concentration. This current study
used a weight concentration of nanofluids ranging from 0.2
to 0.4% wt. The sample of nanofluids is kept for a period of
45 min.

Stability analysis of nanofluids

The nanofluid stability tested conducted for continuously 24 h
and it was observed that there were no traces of settling of
nanoparticles during the experimentation. The nanoparticles
were added with 0.1% of surfactant (CTAB) which further
enhances the proper dispersion of nanoparticles with the base
fluid (water). Before doping of nanofluids, the nanofluids
were stirred for 6–8 h continuously using a magnetic stirrer
to ensure proper dispersion. No traces of settling of

nanoparticles were observed. A magnetic stirrer has been used
for ensuring the uniform dispersion. Figures 9 and 10 show
the deployment of a magnetic stirrer to ensure uniform disper-
sion of Al2O3 and CuO nanoparticles.

Irrespective of magnetic stirring, settling was observed
when CuO nanoparticles were mixed with water. Hence, dis-
persants were used to mitigate these settling issues. The addi-
tion of dispersants in the two-stage schemes in a straight for-
ward and economical approach improves the steadiness of
nanofluids.

Results and discussion

Simulation studies

Simulation is started and the equations are solved iteratively as
a steady state or transient. A postprocessor is used for the

Fig. 17 Temperature distribution along with riser tube plain tube
collector

Fig. 16 Temperature distribution for internal finned riser tubes

Table 5 CFD solver selection

Description CFD setting

Fluid domain Water

Flow type Incompressible and steady

Solver 3D pressure-based Navier Stokes

Flow equations Second-order upwind

Turbulence model Standard k-Ɛ equation

Equations solved Continuity
X-Momentum
Y-Momentum
Z- Momentum
Energy
k-Turbulence
Ɛ-Turbulence

Table 6 Input parameters for the working fluid (water)

Parameters Dimensions

Inlet temperature 300 K

Density 990.9 kg/m3

Specific heat 4180 J/kg-K

Thermal conductivity 0.6 W/m-K

Viscosity 0.001003 kg/m-s

Thermal expansion coefficient 0.00021 1/K

Mass flow rate 0.0143 kg/s

Velocity 0.0303 m/s
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analysis and visualization of the resulting solution. The fol-
lowing flowchart in Fig. 11 presents the simulation method.

Generating model using Pro-E

The geometrical model of the plain SFPWHS system was
created using Pro-E depicted in Figs. 12 and 13. The model
(in IGS format) was imported to HyperMesh for meshing.

A similar approach was adopted for the internally finned
SFPWHS and the outcome is depicted in Figs. 14 and 15.
Mesh details for the plain and internally finned tube riser
SFPC are presented in Table 4. The details regarding the
CFD solver selection are presented in Table 5.

Numerical solutions are obtained for transient laminar flow
with the Boussinesq approximation for modelling of

buoyancy to consider a variation of density with a variation
of temperature. Table 6 details the values accounted for the
working fluid (water).

Solution convergence

The meshed model of solar FPC has imported into ANSYS
Fluent 14 for simulation. A constant heat flux equivalent to the
solar insolation was applied at the top surface. The bottom and
side surfaces of the absorber plate and the outer surface of the
absorber tube are defined as the wall with zero heat flux con-
dition (Anbarsooz et al. 2020; Sadeghi et al. 2020; Ma et al.
2019). The simulation defined with 500 iterations and preci-
sion of the solution defined up to 10−7. It is observed that the
riser which is near to the outlet has more temperature com-
pared with that of other riser tubes inside the collector. The

Fig. 19 Temperature variation in finned riser and absorber plate section Fig. 21 Convergence diagram of finned riser tubes

Fig. 18 Temperature variation with internal finned tube collector

Fig. 20 Temperature variation along with SFPC internal finned tube
collector
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convergence chart, temperature distributions and variation
along the entire solar flat plate collector for the plain tube
and for the internally finned riser tubes obtained using CFD
analysis are shown in Figs. 16, 17, 18, 19, 20, 21 and 22. It is
observed that the riser which is near to the outlet has more
temperature rise than the other risers.

Based on the simulation results, it was observed that for the
same insolation values and inlet temperature value with and
with finned riser tube, SFPC was simulated and outlet temper-
atures are noted and presented in Table 7. It is apparent that
outlet temperature values of SFPC with internal helical fins
are higher compare with that of the plain tubes of SFPC by
about 5.62 °C.

Uncertainty analysis

The test was conducted for 2 days continuously for eachwork-
ing fluids for both the finned and unfinned tube collectors and
the error which occurred during the conduct of an experiment
is done using the uncertainty analysis. The inaccuracy is
intended for thermocouples and solarimeter. Ambiguity ac-
companying with the experimental dimensions is shown in
Table 8.

Mathematical uncertainty analysis

The result R is a given function of the independent variables
x1, x2, ... xn.

Thus, R = R (x1, x2, x3,, xn).
Let ωR be the uncertainty in the result and ω1, ω2, ..., ωn be

the uncertainties in the independent variables. If the uncer-
tainties in the independent variables are all given with the
same odds, then the uncertainty in the result having these odds
is given as (Beemkumar et al., 2019)

ωR ¼ ∂R
∂x1

*∂x1
� �2

þ ∂R
∂x2

*∂x2
� �2

þ…þ ∂R
∂xn

*∂xn
� �2

" #1
2

ð1Þ

If this relation is applied to the energy and exergy efficien-
cy of the previous section,

ωη ¼ ∂η
∂I

*∂I
� �2

þ ∂η
∂Ti

*∂T i

� �2

þ ∂η
∂T o

*∂T o

� �2
" #1

2

ð2Þ

ωη ¼ 1:05%

Comparison of outlet temperature for finned and
conventional (unfinned) type collectors using differ-
ent working fluids

The variation of solar insolation with respect to time during
the experimental days was measured and was plotted for dif-
ferent working days for different working fluids, shown in
Figs. 23 and 24. The readings were taken on a bright sunny
daywith a clear sky and the air maximum temperature is 33 °C
and minimum temperature is 24 °C. The measurements were
performed in Chennai, Tamil Nadu, India: latitude 13.66° N;
longitude 80.11° E; altitude 58.29° N. As can be inferred, the
variation in irradiation values during the period of trial seems
to be insignificant.

Both the fabricated solar flat plate water heating systems
(one with internal fins and other conventional plain tubes)
were made to operate in parallel. Initially, water was used as
the working fluid and the efficiency of both the SFPWHSwas
computed experimentally, by duly considering the insolation
and heat absorbed by the SFPWHS. These results were fixed
as the baseline. Water was then discharged and alumina
nanofluid of 0.2% weight fraction was charged to the system
and performance evaluation studies were carried out. Trials
were repeated for 0.4% weight fraction of alumina, 0.2%
and 0.4% weight fraction of copper oxide nanoparticles.
Surfactant CTAB was used for both the nanofluids to ensure
better dispersion and suspension of nanoparticles. After

Fig. 22 Convergence diagram of unfinned riser tubes

Table 7 Comparison of outlet temperature for with and without finned tube

Inlet water temperature (°C) Solar insolation (W/m2) Simulated outlet temperature no fin (°C) Simulated outlet temperature with fin (°C) ΔT (°C)

38.08 783 62.87 68.49 5.62

Table 8 Experimental uncertainty errors

Instrument Accuracy Range % Error

Thermocouples ± 0.01 °C 0–200 °C 0.03%

Solarimeter ± 5 W/m2 0–1000 W/m2 0.19%

45399Environ Sci Pollut Res  (2020) 27:45390–45404



baseline fixation with water, the trial is conducted with
nanofluids in order to study the heat transfer enhancement
for the exit temperatures for both the finned and unfinned tube
collectors. During experimentation, it was observed that there
was a significant improvement in outlet temperature by dop-
ing of nanoparticles in terms of weight fractions. The doping
of nanoparticles has better heat transfer enhancement which
further increases the outlet temperatures for the collectors,
most importantly by minimizing the heat loss and knack of
absorbing the heat from the radiation side (solar energy). Both
the fin and unfinned tube collectors were subjected to perfor-
mance trials. Temperature and insolation were taken and
adopted for calculating efficiency. Figures 25, 26, 27 and 28

depict the variation of the outlet temperature of different
weight fractions of the Al2O3 nanofluids.

Evaluation of collector efficiency using different
weight fractions of Al2O3 and CuO nanofluids and
water for with and without riser tubes

Among the different geometrical collectors analysed, it is ap-
parent that outlet temperature values of SFPC with internal
helical fins are higher compare with that of conventional type
(no fin) collectors because of the presence of the internal he-
lical fins in the SFPC. Efficiency is calculated for the different
weight fractions of Al2O3 and CuO nanofluids and with base
fluid distilled water. The synthesized Al2O3 and CuO
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nanoparticles of different weight fractions and water are tested
both for internal grooved fin and conventional (no finned)
tube collectors. During the conduct of the experiment, the
end efficiency compared with that of plain (unfinned) tube
subjected to Al2O3 and CuO nanofluid outcome showed that
the internally grooved-finned tube collectors achieve the max-
imum and water and the graphs plotted for the efficiency vs.
time are shown below in Figs. 29, 30, 31 and 32. The Al2O3

and CuO nanofluid is the best option to increase the collector
efficiency without much alteration in the existing collector
profile and its lifetime also increases, eliminating the corro-
sion problem completely such as scaling in riser tube which
affects the collector performance in due course of time (Guo
et al. 2020). It was pragmatic that for a grooved-finned con-
struction, tube collector achieved a high efficiency than con-
ventional (unfinned) tube collector (Zeng and Xuan 2018;

Hazra et al. 2019). A renowned “Hottel-Whillier-Bliss” equa-
tion was used to determine the efficiency of collectors. The
addition of nanoparticles had a significant impact on the tem-
perature of the working fluid. Increasing weight fraction re-
vealed occurrences of higher temperatures which improves a
greater thermal efficiency on the collector side. And the ex-
perimental consolidated results for internal finned and
unfinned riser tube collectors with different working fluids
are shown in Fig. 33.
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Conclusion

The main objective of this study is to confront the solar flat
plate water heating systems to maximize the efficiency and
grab the solar energy from the solar irradiation and change
into the valuable transfer of heat energy. The area of the solar
collector is used to augment the heat transfer rate where heat is
received from the sun. To enhance the efficiency of solar flat
plate water heating systems (both finned and unfinned) by the
use of nanofluids, it will enhance the heat transfer rate by
increasing the thermal conductivity of working fluid. The fol-
lowing conclusions are obtained from the experimental
investigations:

1. An experimental investigation on 25-LPD solar flat plate
collector system with two different geometries of riser
tubes was carried out separately.

2. The thermal performance of solar flat plate collector is
enhancedwith synthesized nanofluids than the base work-
ing fluid (water) for different concentrations.

3. A 25-LPD solar flat collector of internally finned and
plain (unfinned) riser tubes was designed for theoretical
and experimental observation.

4. Enhancing the thermal conductivity enhanced the rate of
heat transfer of nanofluid.

5. The collector efficiency is improved by 4% by employing
Al2O3 nanofluid for the finned tube. A total of 3% im-
provement was observed by employing CuO nanoparti-
cles and water.

6. Al2O3 nanofluid reaches peak efficiency than CuO nano-
particles and conventional working fluid (water) owing to
its enhanced rate of heat transfer. Further, the internal
finned tube collector results in higher efficiency than a
conventional collector.

7. Based on the simulation results, it was observed that for
the same insolation values and inlet temperature value for
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Fig. 30 Comparison of η for 0.4% weight fraction of CuO nanofluid
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10:00 11:00 12:00 13:00 02:00 15:00 16:00

66

68

70

72

74

E
ff
ic
ie
n
c
y
(
%
)

Time(hrs)

0.2% AI
2
O

3
- No Fin

0.2% AI
2
O

3
- With Fin

Water - No Fin

Water - With Fin

Fig. 31 Comparison of η for 0.2% weight fraction of Al2O3 nanofluid

10:00 11:00 12:00 13:00 02:00 15:00 16:00

66

68

70

72

74

76

78

E
ff
ic
ie
n
c
y
(%

)

Time(hrs)

Water - No Fin

Water - With Fin

0.4% AI
2
O

3
- With Fin

0.4% AI
2
O

3
- No Fin

Fig. 32 Comparison of η for 0.4% weight fraction of Al2O3 nanofluid

45402 Environ Sci Pollut Res  (2020) 27:45390–45404



with and with finned riser tubes, SFPC is simulated and
outlet temperatures are noted.

Scope for future work

Further to this study, it is realistic to broaden the area of re-
search in the field of solar energy by employing collectors
with varying geometries:

1. Usage of varying nanofluids with different thermal prop-
erties can be studied for collector performance,

2. Study and analyse the collector performance using very
less viscous domestic oils (kerosene, coconut oil, sea
same oil, groundnut oil and sunflower oil) on the heat
transfer characteristics.

3. Different nanoparticles can be synthesized for diverse par-
ticle sizes and also minimizing the surface area of nano-
particles for ensuring the proper dispersion with base
working fluid water in order to study the thermal perfor-
mance of solar water heating systems.
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