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Abstract

Silica nanoparticles are eco-friendly with high heat transfer potential due to their low-cost synthesis, abundant natural
resources, and mass production. Silica nanoparticles with advantages such as biocompatibility, ease-of-functionalization, and
large surface area are widely employed in solar applications. Silica nanoparticles possess excellent properties such as good
photoconductivity, ideal thermal expansion, high corrosion resistance, and long-term durability, which improve the system's
overall efficiency. Dimethyldichlorosilane was employed to prepare silica nanoparticles into hydrophobic nanoparticles. The
titration method computed the hydroxyl number of silica nanoparticles and reduced it after modification. The novelty of this
work is to enhance the overall efficiency of the solar water heater by adding silica nanoparticles in heat transfer fluid owing
to its higher thermal stability, heat resistance and improved structural properties of the nanoparticle. This work reveals a
detailed study on the effect of silica nanoparticles on the performance parameters of the solar water heater. Silicon nanopar-
ticles are dispersed with water using NaOH for pH adjustments and Cetyl Triammonium Bromide (CTAB) (1% by wt) as
the dispersant to accelerate the vaporization and heating of the medium by local nanoscale heating. This study proposes that
incorporating silica nanoparticles at different mass fractions shall improve the s overall efficiency of solar collectors. Silica
nanoparticles are dispersed into water with and without using surfactant inside the absorber riser tubes for different mass
fractions. The efficiency of the solar flat plate collector is calculated using the ASHRAE method. A collector of the area of
0.5 m? of 25 LPD has been envisioned and made up with necessities to insert T-type thermocouples to study the temperature
distribution. The weight fractions used are 0.2%, 0.4%, and 0.8%, and the experimental results showed an improved heat
transfer was pragmatic in the collector using nanoparticles. The efficiency of the solar collector is improved by 2.5, 5.1 and
8.4% by adding Silicon dioxide nanoparticles at 0.2%, 0.4%, and 0.8% weight fractions, respectively. This study concludes
that silicon oxide possesses high heat transfer potential and shall be employed in thermal systems.
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Nomenclature CTAB Cetyl Triammonium Bromide

LPD Litres Per Day SFPWHS  Solar Flat Plate Water Heater System
Si0, Silicon dioxide FPC Flat Plate Collector

TiO, Titanium dioxide CNC Crystal Nano Cellulose

MWCNT  Multi-Walled Carbon Nanotubes CNT Carbon Nano Tube

Al O, Aluminium Oxide SWCNT  Single-Walled Carbon Nano Tube
ZnO Zinc oxide

MgO Magnesium Oxide

CeO, Cerium Oxide 1 Introduction
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storage system efficiently. The energy system has to be
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performance of the solar flat plate collector system. In the
face of many other options, we decided to replace plain cop-
per tubes with internally finned or grooved ones. Spiraling
fins or grooves line the tube's interior surface. Consequently,
the tube's heat transfer rate is higher than a plain tube, meet-
ing the same specifications.The high internal surface area of
contact and turbulent liquid flow increases the heat transfer
rate (efficiency) [1]. The system's performance is increased
when the collector temperature rises due to increased heat
transfer. As a result, a smaller unit can be produced to meet
the same specifications [2]. Utilizing nanofluids in solar
thermal collectors presents several beneficial opportunities
for improvement [3]. Some advantages include increased
thermal efficiency, a possible reduction in collector size, and
improved economic and environmental performance [4].
However, the performance and predictability of nanofluids
in collectors are still subject to several restrictions. The
applications of nanoparticles are growing rapidly. Among
them are materials such as silicon dioxide. Its use has advan-
tages: high adsorption capacity, low toxicity, easy synthesis,
and inexpensive. Nanoparticles enhance the thermophysical
properties such as thermal conductivity and specific heat
capacity of nanofluids in heat transfer applications. Cost
reduction of an SFPWHS can be achieved either by using
low-cost material (longevity decreases) or reducing the col-
lector area. Altering the collector area can be possible by
enhancing the heat transfer rates. Abu Shadate Faisal Maha-
mude et al. [5] examined the CNC and graphene hybrid fluid
with a volumetric fraction of 0.5 percent at 80 °C, improved
thermal conductivity, viscosity, and other parameters. CNC
and graphene hybrid nanofluid can outperform a conven-
tional base fluid thermally. Ashour et al. [6] investigated that
usage of H,O—CuO nanofluid has the highest average effi-
ciency at a mass flow rate of 0.0125 kg/s for a volume frac-
tion of 0.15%, similarly for H,0-ZnO nanofluid had an aver-
age efficiency of 77.64%, compared to water is 60.21%..
Shirin Rostami et al. [7] investigated the heat transfer char-
acteristics of flat plate solar thermal collectors with circular
and elliptical serpentine designs. The result showed under
turbulent flow; elliptical cross-section thermal efficiency
reaches 56%. Hossein et al. [8] found that the SWCNT-CuO/
water and MWCNT-CuO/water heat transfer coefficients
increased by 8 and 4.1% compared to H,O at Reynolds
10,000.Abu-Hamdeh et al. [9] The results showed increased
TiO,/Si0, nanofluid's thermal conductivity and efficiency,
proving its high potential in energy systems. Farhana et al.
[10] examined that using 0.5% Al,05 and 0.5% CNC nano-
fluids increased solar collector efficiency by 2.48% and
8.46%, respectively. Bakhtiari et al. [11] the study examined
TiO,-Graphene/Water hybrid nanofluid thermal conductiv-
ity. At 25 to 75 °C and different volume fractions, hybrid
nanofluids were tested (0.005 to 0.5%). At 0.5% volume frac-
tion and 75 °C, thermal conductivity was 27.84% higher than
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the base fluid. Ahmadi et al. [12] and Gorjian et al. [13]
Studied that flat plate collectors collect energy from the sun
and convert it to thermal energy. Vengadesan and Senthil
[14] employed active and passive methods to augment heat
energy at the receiver end for absorber tubes to be properly
utilized, increasing the effectiveness. Hussein et al. [15]
investigated Tripartite hybrid nanofluids added with a sur-
factant of Tw-80 and examined the collector efficiency for
three different volume flow rates of 2 L/min, 3 L/min, and 4
L/min. The results showed that a volume rate of 4 L/min
with maximum efficiencies of 85% is achieved using hybrid
nanofluids. Moravej et al. [16] investigated using TiO,/H,O
nanofluid experimentally compared to H,O as working fluids
in a symmetrical four-sided absorber collector system. The
collector shows a determined 78% efficiency when 1% wt.
fraction of TiO,/H,0. Mohamed et al. [17] conducted exper-
iments using ZnO nanoparticles with 23 nm of 0.05 vol%
and 0.1 vol% and base working fluid water. The result
showed that thermal energy increased by 3.36% and 7.78%
for 0.05 vol% and 0.1 vol% Similarly, the efficiency arrived
at nearly 4.81% and 6.57% for water used. Tong et al. [18]
examined the efficiency of absorbing solar collector system
for different nanofluids were verified for working fluids the
maximum efficiency arrived is for MWCNTs nanofluid Of
87% and lowest arrived is for the water of 62%. (Dinesh
babu et al., 2020) [19] studied experimentally for two differ-
ent types of collectors, one internally finned riser tubes col-
lector and another with unfinned tube collector subjects to
two different nanofluids of Al,O; and CuO nanofluids. After
testing, internally finned tube collectors were observed using
a 0.4% weight fraction for Al,O; nanofluid efficiency of
nearly 7.8% to unfinned tube collectors. Hajabdollahi et al.
[20] studied that usage of SiO,/H,0 nanofluid with a lower
percentage by volume shows a better efficiency when com-
pared to that of Al,0,/H,0 and SiO,/H,0 nano-fluids on an
annual cost reduction of 27.88% when SiO,/H,O for an effi-
ciency of 56.4%. Mondragon [21] studied that due to the
deposition of Al,05-H,O nanoparticles, there is a decrement
in efficiency from 47% to 41.5% and heat removal factor.
Tong et al. [22] investigated using Al,0,/H,0 for a volume
percentage of 0.01%. The efficiency attained was 77.5%,
21.9% for water. Besides, the absorber using SiO,/H,0
exhibited an all-out efficiency of 73.9%. Mirzaei et al. [23]
Studied experimentally using SiO,-H,O nano-fluids with 0.1
vol% of 40 nm were prepared as working fluids inside the
absorber tubes for mass flow rates were in the range of 1, 2,
and 4 L/min. The thermal efficiencies of the absorber
increased by 15.2%, 17.1%, and 55.1% for SiO,-H,O com-
pared to that of H,O. Arora et al. [24] studied using
Al,05-H,0 nanoparticles of 20 nm for a volume fraction of
0.1%. The maximum peak thermal efficiency attained is
83.17% for a collector absorber area of 2m”. Dehaj and Moh-
iabadi [25] investigated for absorber collector area of 4m?
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using MgO-water nanofluid for a volume fraction of 0.014
—0.032% at a mass flow rate of 14L/min. The efficiency
attained for MgO -water-based nanofluid is 77% and for base
working fluid water is 69%. Jouybari et al. [26] experimen-
tally studied a colletor area of 0.6m” using SiO, -H,O of
20-30 nm particle size for a volume fraction of 0.4—0.6
vol% the heat removal factor 0.4% reduced by 55.2% and for
0.6% is 51.7%. Mirazaei et al. [27] tested a collector area of
1.51m? using Al,O,/H,0 for a 0.1%weight fraction. The
results showed a thermal efficiency increased nearly to
23.6%. Syam Sundar et al. [28] studied using Al,O5-H,O for
a particle size of <20 nm of area 2m? for a volume fraction
of 0.3%. The results showed an increase in the collector effi-
ciency along with an increase in Re. Jouybari et al. [29]
experimentally studied using SiO,-H,O nanoparticles of size
20-30 nm for 0.2%, 0.4%,and 0.6% thermal performance
achieved nearly about8.1% efficiency for absorber area of
90x20x7 X107% m?. Stalin et al. [30] investigated a collec-
tor absorber area of 2m? using CeO, -H,O of 20 nm for
0.01%by volume. The collector has reached nearly 78.2%
efficiency. Dinesh babu et al. [31] experimentally investi-
gated using three different nanofluids of aluminium, copper,
and Zirconium nano-fluids are tested for thermal efficiency.
The result showed that alumina nanofluid for 0.4% wt. frac-
tion showed that alumina nanofluid had a superior efficiency
for the collector side of 17% related to the base working fluid
water. Dinesh babu et al. [32] investigated a collector area
of 945 x 420 mm for two collectors for internal fin and con-
ventional collectors subjected to different weight fractions
of Al,0;-H,0 nano-fluids and water. Results showed a maxi-
mum efficiency attained for 0.4% weight fraction of Al,0;
for finned tube collector of nearly 74.81% to that unfinned
tube collector of 71.43%. This shows that the doping of
nano-fluids augments the transfer of heat, increasing the
overall efficiency of the collector system. Faizal et al. [33]
tested a collector area of 1.84m? using Si0,-H,O nanopar-
ticles for varying mass fractions. A better option is that add-
ing the phase change material will influence better heat
transfer rate when used internally inside the riser tubes. The
result showed the efficiency of the flat plate collector was
enhanced by 23.5% for 0.2%. It is also relevant to note that
these losses do increase with the increase in temperature of
the working fluid.

2 Experimental Setup

With the superior performance of finned tube SFPWHS
over conventional SFPWHS, it was envisaged to fabricate
the designed system and carry out experimental investiga-
tions. Accordingly, a double loop system was fabricated so
that the nanoparticles-laden water will absorb solar energy
in the collector (primary loop) and transmit it to the water

in the storage tank through the secondary loop. Both the
loops were designed to be of ladder-type construction. A
solar flat plate collector is a fabricated dual circuit consist-
ing of primary and secondary circuits with 2.5 and 25 L,
respectively. The absorber tubes are fabricated with four
riser tubes arranged parallel with a 12 mm outer diameter of
1000 mm in length, soldered for a 0.5 m? absorber plate. All
the riser tubes are connected in a 1" main inlet header, and
the outlet point is connected with a 1" main outlet header.
The main outlet header is connected to the ladder-type heat
exchanger's inlet and the main header(inlet) collector. Two
vents are provided in the primary circuit, one for loading
the nanofluid and the other for venting the primary circuit.
The storage tank has a 25-L capacity with an inlet, outlet,
and vent header. A ladder-type heat exchanger separates the
storage tank and collector side to enhance heat transfer in
storage fluid.

2.1 Silicon Nanoparticle

The nanoparticle SiO, was prepared and operated in Solar
Collector at different weight fractions of 0.2%, 0.4%, and
0.8% with and without surfactant. Hence required weight
fraction of the nanoparticle is dispersed in 2.5 L of distilled
water and then mixed by a magnetic stirrer, followed by son-
ification for better distribution in the base fluid. Figure 1.
shows the experimental setup of the solar water heater, and
the reason for the selection of nanoparticles is shown in
Fig. 2.

3 Instrumentation Setup
The primary circuit of 25 LPD solar Flat plate collectors

contains four parallel 12 mm tubes connected in linch main
inlet and outlet headers. To monitor the temperature profile

Fig. 1 Experimental set-up of solar water heater
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and flow distribution across the tubes at different lengths
of the riser tube, The T-type thermocouples are brazed on
the surface of the riser tube. Two T-type thermocouples are
installed in the main header, one at the inlet and the other at
the outlet of the riser tube, to monitor the total temperature
change across the primary circuit of the collector. To under-
stand the natural convection thermosyphon effect and pres-
sure drop across the collectors, pressure gauges range from
0- 1 bar installed at the inlet and outlet of the main header
of the primary circuit. A heat exchanger with the maximum
surface is brazed in the primary circuit to enhance the heat
transfer rate between the primary and secondary circuits.
Figure 3 shows the instrumentation setup for the designed
solar collector. A WATCH-DOG Annemometer (Fig. 4) was
used to measure air velocity, insolation, Relative Humidity,
Dew Point Temperature, and Ambient Temperature. The
temperature readings are logged using the Agilent data log-
ger system shown in Fig. 5.
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Fig.4 Watch dog anemometer

— R,

Fig.5 Agilent data logger

4 Results and Discussion
4.1 Baseline Data with the Base Fluid

Temperature and efficiency are used to improve flat plate
water heating systems. The collectors have four riser tubes,
so thermocouples were placed at the top (T6), middle (T5),
and bottom (T4). Thermowells were used to measure water
temperature without solar insolation affecting thermocou-
ples. All riser tubes should be arranged similarly. More
thermowells would hinder water thermo-siphoning. So, one
thermowell per riser tube was added. This thermowell is
parallel to the last riser tubes. T3 parallel to T6, T2 to TS,
and T1 to T4. These arrangements revealed the temperature
profile across flat plate collector riser tubes and allowed flow

| Wats

Lo el

70

Temperature in °C

Time in hh:mm
@ Outlet @Inlet

Fig.6 Time (h) vs inlet temp (C) and outlet temp (C) for base fluid

analysis. The heat transfer fluid (water) absorbs the heat in
the thermal system and leaves it at an elevated tempera-
ture. The outlet temperature rises quickly at about 7:30 am,
reaches its peak at 2:00 pm, and then decreases owing to
a reduction in insolation. From 11 am to 2 pm, there is a
5 °C difference between the output and input temperature.
Figure 6 shows the inference between time (h) vs Inlet Temp
(°C) and Outlet Temp (°C) for water. Three pairs of thermo-
couples are fixed at different heights on the tubes running
inside the collector. Temperature plots of these pairs (T1
and T4, T2 and T5, T3 and T6) reveal that the temperatures
at all the tubes at the same height are the same for accuracy.
This shows a uniform flow of water through all tubes since
water is the medium that carries away the heat of the tubes.
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A thermocouple was fixed at the tank's top, middle and
bottom positions. The average of these temperatures gives
the temperature of the tank. As expected, the top layer was
warmer than the middle layer. But this trend changed after
10 am when the middle and bottom layers recorded the same
temperature. However, after 5 pm, the original trend was
observed. Solar radiation warms the body where it falls.
In this instance, the fins are heated, and heat is transferred
to the water via tubes. The air around the fins achieves a
higher temperature than the fins. There is a natural convec-
tion movement inside the collection unit's entrapped air [34].
From 10 am to 1 pm, there is a 4°C temperature differential
between the fins and the air gap.

4.2 Baseline Data with SiO, Nanofluid

SiO, nano-fluids are prepared with different weight fraction
increases due to the surface tension, viscosity, and other flow
characteristics such as Reynolds number changes, leading
to a higher pressure drop in the collector, which results in a
breaking of thermosyphons. Silicon dioxide nanoparticles
are operated for different weight fractions in the 25 LPD
Solar flat plate collector. The results, such as the temperature
profile of the riser tube, heat gained, and its efficiencies, are
compared based on working in the fluid. The test was per-
formed in Tamil Nadu, Chennai (India) on a bright sunny
day with a clear sky of the average ambient temperature of
a maximum of 35°C, wind velocity of 6 m/s, and relative
humidity of 74%. Additionally, prolonged aggregation raises
the fluid's viscosity, lowering the flow rate in thermosyphons
and raising the pump power needed in forced convection sys-
tems [35]. Both of these factors will, in the long run, bring
the system's efficiency down. In many heat transfer systems,
the thermal performance of nanofluid is superior to that of
conventional heat transfer fluid. However, some limitations
still exist in evaporative systems such as heat pipes.
Silicon nanofluid with a mass fraction of 0.2% is com-
pared against the instantaneous insolation for a particular
day to determine the fluctuation of storage tank temperature
on a given day. The graph displays the insolation levels from
midnight to three in the afternoon. At midnight, the tempera-
ture of the storage tank drops to roughly 35°C. With rising
sun insolation beginning at 6 am, the temperature of the
storage tank rises steadily until noon, levels out at 2 pm, and
remains at roughly 50°C until 3 pm. Temperature sensors are
situated at the same height on different riser tubes. Silicon
oxide nanofluid is compared against the day's instantaneous
insolation to determine the daily temperature change of stor-
age tanks. At midnight, the temperature of the storage tank
drops to roughly 35°C. With rising sun insolation beginning
at 6 am, the temperature of the storage tank rises steadily
until noon, levels out around 2 pm, and remains at roughly
55 °C until 3 pm. Compared to the data for the 0.2% mass
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fraction, the peak temperature of the storage tank is about
5 °C higher.

4.3 Thermal Stratification in Storage Tank
with Water

Figure 7 shows the temperature variations of the storage
tank's top, middle and bottom layers concerning time. Based
on the heat transfer area and insolation values received by
the working fluid from the absorber plate, transfer the col-
lected heat energy into the secondary side of the collector.
Thermal stratification inside the secondary side depends
on the heat transfer area of ladder-type heat exchanger heat
effectiveness. Figure 7 reveals that the average tank tempera-
ture rises for 15 h and falls due to lower insolation values
and heat loss to the surroundings because of the reverse heat
flow from the storage tank to the ambient.

The heat gained by the storage tank is mainly based on the
temperature difference (driving force) in primary and insola-
tion values, heat loss coefficient, and heat removal factor for
every 5 min of operation. Figure 8(a and b) represents the
collector's heat input and energy balance. Heat gained by
the storage tank is calculated by the energy balance across
the primary and secondary and is represented in Fig. 8. The
heat the collector gains depends on the heat input insola-
tion values variation concerning time. It depends on other
atmospheric factors, such as wind speed, ambient tempera-
ture, cloudiness, etc., as Fig. 8(c) represents the Heat input,
Energy balance across the collector and the Cumulative heat
input of the solar collector.

4.4 Need for Surfactant used in SiO, Nanofluid

The SiO, nanoparticle is prepared by synthesis of the
Chemical Combustion Method particle size of 40 nm. A
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Fig. 7 Temperature variations inside the storage tank
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Figure.8 (a) Heat input, (b) Energy balance across the collector, (¢) Cumulative heat input

Fig. 9 Magnetic stirrer to ensure uniform dispersion

Nanoparticles of SiO, is a prepared sample with 0.2%,
0.4% and 0.8%. The nanoparticles started settling down
with different mass fractions of 0.4% and 0.8%. Hence,
a surfactant is used to prevent the settling or clumping
of Nanoparticles, resulting in better dispersion [32]. A
magnetic stirrer is used—Fig. 9 shows a magnetic stirrer
for ensuring uniform dispersion. The stability of nano-
fluids is one factor that prevents their widespread use in
solar collectors. This is one of the limiting factors. Nano-
fluids, in contrast to more traditional working fluids, are
extremely unstable, and particles tend to settle out after a
while. A decrease in agglomeration within the fluid might
be achieved by adjusting the pH, changing the preparation
method, or adding a surfactant. Because of the decrease in
fluid stability, the overall efficiencies of collector systems
continue to decline significantly after lapses of time span-
ning longer periods [33].

Table 1 Parameters for SiO, nanofluid for different weight fraction

Parameters The volume of ~ Weight Particle ~ Thermal
distilled water fractions  Size conductivity
(litre) (%) (nm) (W/mk)

Sio, 25 0.2 40 0.614

Sio, 2.5 0.4 40 0.642

Sio, 25 0.8 40 0.676

The KD2 PRO - thermal property analyzer is used to verdict the
actual thermal properties of SiO, for weight fractions of 0.2%, 0.4%
and 0.8% nanofluids

Nanoparticles are compounds that lower the surface
tension, the interfacial tension between two liquids, or
a liquid and a solid [34]. Dispersants are employed to
increase the contact of two materials, sometimes known
as wettability. The surfactant used is Cetyl Triammonium
Bromide (CTAB) (1% by wt). The mass fraction of SiO,
nanofluid (with and without surfactant) is operated inside
the 25 LPD solar FPC. The following weight fraction is
used in the collector. Table 1 shows the parameter for
Si0, nano-fluids. Figure 10 shows the Scanning Electron
Microscope (SEM) image of the SiO, nanofluid.

The thermal conductivity of SiO, nanofluid increases
with an increase in mass fraction. The thermal conductiv-
ity of the nanofluid is expected to enhance as the mass
fraction increases. This could be attributed to the good
dispersion medium of SiO, nanofluid [35]. Increasing the
mass fraction of SiO, nanofluid leads to increasing the
Brownian motion, thereby improving the thermal conduc-
tivity. Table 1 shows the parameters for SiO, Nanofluid for
Different Weight Fractions. As can be seen, the obtained
results by the current study are in exceptional agreement
with the experimental results of other studies [36].
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Fig. 10 SEM image of SiO,

4.5 Temperature Profiles Across the Riser Tubes
in the Flat Plate Collectors

The experiment was conducted with water and SiO, nano-
fluid with different weight fractions, and its result is dis-
cussed in detail. The temperature profile of collectors at dif-
ferent locations are noted and compared with the nanofluid
operation. The temperature change at the inlet and outlet of
the primary side of the collector is observed as 7°C. From
this temperature profile, for a given collector tube, the flow
distribution in tubes at different lengths is observed that flow
in all the tubes shows the same temperature change at the
same length. Figure 11 shows that the flow distribution is

—a— across the collector
—e— Outlet

—A— Inlet

Temperat re(°C)

Time(hrs)

Fig. 11 Temperature profiles across the riser tubes in flat plate col-
lectors
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uniform in all the tubes; high tube surface temperature indi-
cates less flow in that tube.

4.6 Temperature Profile of Secondary (Collector)
Side with and without Surfactant of SiO,
Nanofluid

With the rise of the solar insolation, the storage tank tem-
perature gradually rises in all cases (i.e., for different weight
fractions of nanofluid) when Silicon dioxide nanoparticles of
0.2%, 0.4% and 0.8% weight fractions are mixed with 2.5 L.
of distilled water separately is used in 25 LPD collector. Its
temperature variation with and without surfactant is oper-
ated. When Silicon dioxide of 0.8% is used, the temperature
difference is about five °C rises compared to water. It was
observed that the temperature started dropping after the time
3 pm. This is due to the loss of thermosphoning effect at
lower insolation and the heat input by the absorber plate
[37]. This phenomenon happens around 3 pm daily because
the insolation decreases during this instant. The collector is
operated with nanoparticles of SiO, with a particle size of
40 nm nanofluid as a working fluid. Its average tank temper-
ature is compared to the water's conventional working fluid.
The temperature changes concerning time and cumulative
heat input (Insolation) is indicated that for attaining 50°C,
SiO, of 0.8% weight fraction reached quickly as compared
to that of base fluid, from the experimental result shows
(Fig. 12), the temperature rise is faster in case of increase
in weight fractions SiO, nanofluid [38]. The ability of SiO,
nanoparticles used in collectors to maximize the absorp-
tion rate of the heat received from solar radiation, achieving
instant temperature rise. Temperature rise increases with
weight fraction and is higher than water owing to the pres-
ence of SiO, nanoparticles, which acts as a positive charac-
teristic of nanofluids [39].

Also, graphs indicate a 0.2wt%. SiO, nanoparticles with-
out surfactants show lesser temperature values. The reason is
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mainly their non-stability of particle dispersion in the water.
Also, it has been suggested that non-addition of the sur-
factant to the SiO, nanoparticles, even for a lesser mass frac-
tion, results in poor dispersion, resulting in lesser efficiency
when used in a solar collector. As can be seen, the obtained
results by the current study are in exceptional contract with
the experimental results of other studies [39, 40].

4.7 Efficiency Comparison for Different Weight
Fractions of Different Working Fluids

Efficiency is calculated by plotting the weight fractions of
Si0, nanofluid with surfactant for 8gm and 10gm with the
base conventional working fluid water. For a higher mass
fraction of SiO, (0.8%) nanofluid, higher efficiency was
attained in a more rapid phase than SiO, (0.4%) nanofluid
and water. Also, insolation decreases the thermosyphon
effect breaks in the collector during the off-peak time. It
was inferred that adding SiO, nano-fluids would result in
greater efficiency even during the peak time. In contrast,
the efficiency decreases in water because the SiO, nano-
fluid has a better heat transfer rate than water. The peak effi-
ciency has arrived or 0.8% SiO, nanofluids. Figure 13 shows
Efficiency Comparisons for Different Weight Fractions of

30 +

20 4

E fiiciency(%)

Time(hrs)

Fig. 13 Efficiency Comparisons for Different Weight Fractions of
SiO, Nanoparticle and water

SiO,Nanoparticle and water. Table 2 shows the efficiency
comparison of different nanofluids and water.

Adding Si0O, nanoparticles with base fluid enhances the
heat transfer rate to the collector system's primary (collector)
and secondary side (storage). Further, by adding SiO, nano-
particles, the loss of heat transfer in (convective) is mini-
mized, increasing the system's efficiency, as observed in the
figure. The collector's efficiency is found to increase with the
increase in the mass fraction of SiO, nanoparticles [39]. The
Si0, nanoparticle concentration plays a vital role in deter-
mining heat transfer from solar irradiation to the system.
The higher the volume percentage of SiO2 nanoparticles,
the higher the system's efficiency. A higher concentration
of SiO, nanoparticles minimizes the pressure drop of the
working fluid, enhancing the flow rate and heat transfer. As
can be seen, the obtained results by the current study are in
exceptional contract with the experimental results of other
studies [38—43].

5 Conclusion

This work reveals a detailed study on the effect of silica
nanoparticles on the performance parameters of the solar
water heater. Silicon nanoparticles are dispersed with water
to accelerate the vaporization and heating of the medium
by local nanoscale heating. A 25-LPD solar collector was
designed theoretically and experimentally. Water is fixed as
a baseline to compute the overall performance and different
parameters for the thermal storage of the tank. A further test
was conducted by adding SiO, nanofluids with and without
surfactant. Dimethyldichlorosilane was employed to prepare
silica nanoparticles into hydrophobic nanoparticles. The
effect of SiO, nanoparticles was analyzed at three different
weight proportions. Increasing the gravimetric percentage
of nanoparticles improved the efficiency of SFPWHS. The
SiO, nanofluid at different mass fractions increased the over-
all efficiency with the same collector area and without an
increase in mass flow rate, considerably lowering the capital
cost. The efficiency of the solar collector at weight fractions
of 0.2%, 0.4% and 0.8% of the Silicon dioxide nanoparticles
and water was found to be 26.7, 29.3, 33.7% and 24.2%,
respectively. SiO, nanofluid beyond 0.8% mass fractions
affects the thermosiphon principle during natural convection

Table 2 Efficiency comparison

. . Working fluid The weight frac- Particle The volume of the  The volume of  Efficiency (%)
of different nanofluids and water tion of nanofluid  Size (nm)  primary circuit sec. circuit
Water - - 2.5 25 242
Sio, 0.2% 40 2.5 25 26.7
Sio, 0.4% 40 2.5 25 29.33
SiO, 0.8% 40 2.5 25 33.7
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pressure drop, affecting the system's overall thermal perfor-
mance. Thus this study concludes that the SiO, nanofluid
would be a better option for better longevity as a working
fluid to enhance the collector's performance.
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