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ABSTRACT

Published: 30.03.2026

Solar thermal conversion was achieved by preparing a nanofluid using ethanol and acetone as base fluids and Cu
nanoparticles of optimized size (~20 nm) as the additives. The thermophysical properties of the nanofluid were determined
at different temperatures, and their temperature-dependent variations were analyzed to assess their potential to enhance the
thermal efficiency of wickless heat pipes. The performance of the wickless heat pipe filled with ethanol and acetone as base
fluids was evaluated by measuring the heat input and output at the inlet and outlet. Both ethanol and acetone exhibited an
optimized filling ratio of 40%. The overall thermal efficiency was then determined, and the efficiency and overall thermal
resistance were compared between ethanol- and acetone-filled heat pipes, accounting for radiation-induced heat input over a
one-hour daytime interval. Based on the calculations, the minimum and maximum thermal efficiencies were found between
the range of 42.30% to 58.48% for Cu-Acetone based nanofluid and for Cu-Ethanol-based nanofluid it was found between
the range of 37.83% to 54.01%, which was 4.47% lower than that of Cu- Acetone based nanofluid .The overall thermal
resistance was determined to be 0.076 °C/W for the acetone heat pipe and 0.074 °C/W for the ethanol heat pipe.

Keywords: Parabolic dish solar heat collector; Nanofluids; Wickless heat pipe; Acetone; Ethanol.

1. INTRODUCTION

Heat pipes are effective heat transfer devices.
They wuse principles of fluid evaporation and
condensation. They are comprised of a sealed copper or
aluminum pipe, a small amount of operating fluid, and an
interior wick structure. The operating fluid at the
evaporator section of the heat transfer pipe is heated by
the heat source. The parabolic solar ray collector turns the
liquid into vapour. Due to their distinct thermal and
rheological characteristics, nanofluids offer a lot of
potential in a variety of sectors. Nanofluids have the
potential to boost the heat transfer coefficients of solar
water heaters and the thermal efficiency of storage
devices. This is due to an increase in absorption of solar
light by nanoparticles. Heat is transferred when the
vapour flows towards the cold condenser section of the
heat pipe. In condensation, the heat escapes to the heat
sink (such as a storage tank or heat exchanger) as the
vapour condenses on the inside surfaces of the condenser
section. In the capillary action cycle, the condensed fluid
is returned to the evaporating portion employing the
capillary motion. High thermal efficiency, low resistance
to heating, and the capacity of transferring heat over long
distances with little energy input are just a few benefits
offered by heat pipes.

Using a parabolic-shaped mirror reflector, a
parabolic solar collector directs sunlight onto a focal
point. The evaporator section of the heat pipe receives the
concentrated solar radiation focused by the parabolic dish

solar collector. The appropriate working fluid is selected
based on its compatibility with the heat pipe material and
its vaporization characteristics. Ammonia, water, and
other refrigerants are some of the commonly used
working fluids. The integrated system undergoes a series
of tests to evaluate its thermal efficiency and identify
potential areas for improvement. This may involve
modifying design parameters such as the size and shape
of the parabolic reflector or the characteristics of the heat

pipe.

Mohammed et al. (2022) demonstrated that
integrating a heat pipe with a solar collector significantly
enhances heat transfer efficiency, improves performance
stability under varying weather conditions, and enables
the production of higher-temperature water compared to
a conventional solar thermal collector system. Shady et
al. (2022) investigated the effect of using a hybrid
magnesium  oxide-multi-walled carbon nanotube
(MgO/MWCNT) nanofluid on the thermal performance
of a vacuum-sealed tube solar receiver. For
MgO/MWCNT on a water basis, four distinct weight
ratios of (80:20), (70:30), (60:40), and (50:50) were used,
respectively. The weight ratio of 50:50 performed better
than any other mixture of nanofluids and was closer to
the MWCNT/water nanofluid. Tardy and Sami (2009)
noticed a rise in the net heat flux of the nanofluid
employed in the heat pipe as well as its thermal
behaviour. It was found that when CuO composition is
higher, thermal energy is more directed to the heat pipe's
evaporator portion, which boosts the system's hybrid
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system efficiency. Sinan et al. (2021) found that
aluminium oxide with water and titanium oxide with
water can increase the thermal efficiency of heat pipe
solar collectors. When applying pure water as a base
fluid, the greatest value of instantaneous point efficiency
was calculated to be 48%; for aluminium oxide and water
nanofluid, it is 58%; and for titanium oxide and water
nanofluid, it is 64%. Al,O3; and water nanofluids were
found to have an efficiency improvement of 20.8%,
whereas TiO, and water nanofluids had an improvement
of 33.3%. Mohammad et al. (2019) reviewed the results
of utilizing several nanofluids in heat pipes. When
compared to water-filled heat pipes, it has been found
that employing graphene oxide/water nanofluid in
pulsing heat pipes can lower thermal resistance by up to
42%. Leonard et al. (2017) worked on the thermal
performance of heat pipes using nanofluids. Past works
on the use of nanofluids in different heat pipes were
reviewed. Al,O3, CuO, and TiO; were found to have the
greatest reductions in total thermal resistance of 83%,
79%, and 76%, respectively. Sabiha et al. (2015) worked
on the energy performance of a vacuum-sealed tube solar
collector using a walled carbon nanotube. In the
observation, collector efficiency was found to be 71.84%
higher than that of water. The heating capacity of a
cylindrical heat conduit using nanofluids was
investigated in two dimensions by Shafahi ez al. (2010).
Three of the most used nanoparticles, namely Al,Os,
CuO, and TiO», are considered for standard studies. The
nanoparticles in the liquid boosted the heat pipe's thermal
performance by minimizing its thermal resistance while
raising the amount of heat it can transport. It was
observed that the thermal efficiency of the heat pipe is
affected by particle size; the smaller particles will have a
more noticeable impact on the heat pipe's temperature
distribution. For Pise et al. (2016), the primary objective
of the study was to examine the thermal performance of
a heat pipe with a parabolic solar receiver under actual
working circumstances. Distilled water, Al.Os—water
nanofluids with varying weight concentrations (0.05,
0.25, and 0.5 wt.%), Al.Os—water nanofluid with a
surfactant, and water with a surfactant were employed as
working fluids. It was observed that the collector
efficiency increased with coolant flow rate up to an
optimum value and then decreased. The tilt angle follows
a similar trend and reaches its maximum at 50 degrees.
Gan et al. (2018), for improving the heat transport
properties of a heat pipe, applied three alternative heat
loads and cooling water mass flow rates to the evaporator
and condenser sections, respectively, and examined
experimentally and numerically. Deionized water and
aqueous clinoptilolite nanofluid heat pipe efficiency and
thermal resistance values were evaluated. Ali et al.
(2018) emphasized that maintaining thermal and physical
properties over long periods after preparation requires
high nanofluid stability. Enhancing nanofluid stability
and comprehending nanofluid behaviour are, therefore,
essential steps in the chain required to commercialize this
kind of sophisticated fluid. The article's goal is to review
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the most recent developments in the examination of
small-sized matter, including Manufacturing techniques,
stability enhancement mechanisms, stability
augmentation techniques, thermophysical characteristics,
and current commercialization hurdles. Xuan and Li
(2000) worked on heat transfer enhancement of
nanofluids. Ghadimi ez al. (2011) reviewed the stability
characteristics and characterization of nanofluids under
stationary settings, illustrating the generic stabilization
techniques as well as distinct stability inspection devices.
After preparation using a one-step or two-step process,
nanofluid characterization, analytical models, and
measurement techniques were examined (Vand et al.
2009). Carbon nanotubes were used, and their surfaces
were covalently modified to stabilize nanofluid
suspensions (Teng et al. 2010). In this study, the heating
capacity ratio of alumina (Al,Os)/water-based nanofluids
was examined with respect to weight, temperature, and
nanoparticle size. In this experiment, the thermal
conductivity of nanofluids running at temperatures of 10
°C, 30 °C, and 50 °C with a range of particle sizes and
weight fractions was determined. Choudhary et al.
(2017) carried out a stability analysis of the Al,Os/water
nanofluid. Visual examination techniques and zeta
potential approaches were used to investigate the
stability. In-depth research was done on how pH and
sonication time affect the stability of nanofluids. The
stability period of nanofluids was determined using the
visual examination approach. The stability period of
nanofluids was directly correlated with the zeta potential;
the longer the absolute value of the zeta potential, the
longer the stability period. Sodium dodecyl sulphate, a
surfactant, was used to examine the stability with respect
to the time duration since the creation of nanofluids. Xu
et al. (2017) made an experimental assessment of a solar
collector that combines a compound parabolic
concentrator (CPC) and a closed-end pulsing heat pipe
(PHP). Because of its simple design and substantial
capability for heat transfer, PHP was employed as an
absorber. Experimental research was done on the thermal
efficiency and operating features of the solar collector.
The PHP absorber's evaporation and condensation
sections' regular and constant temperature changes
showed that it can operate effectively with a thermal
resistance of roughly 0.26 °C/W. Additionally, it was
discovered that being the primary contributor to the
collector's thermal performance of the PHP absorber
diminishes with rising evaporation temperatures. Yang et
al. (2008) used CuO nanofluid as the working fluid to
examine the heat transfer capabilities of a horizontal
micro-sized grooved heat pipe. A consistent suspension
of deionized water and CuO nanoparticles was known as
CuO nanofluid. The critical heat flux and the overall heat
resistance of the heat pipe, as well as the effects of the
mass concentration of CuO nanoparticles, were
discussed. The heat pipe's thermal performance can be
augmented by using CuO nanofluid, according to
experimental data. The best mass concentration for this
purpose is anticipated to be 1.0 wt.%. Chen et al. (2008)
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used a flat-shaped heat pipe with a silver nano-fluid. By
using air-cooling testing equipment, they examined how
different concentrations affect the thermal performance
of flat heat pipes. Silver particles measuring 35 nm in size
were used in these tests. Water was the basic operating
fluid. To assess the temperature distribution of the heat
pipe and determine the thermal resistance, an
experimental apparatus was set up by Choi et al. (1995).
The possible benefits of the fluids were estimated, and it
was shown that a significant decrease in heat exchanger
pumping power was one of the major benefits of
nanofluids.

In recent years, nanofluids have attracted more
attention. The main driving force for research on
nanofluids lies in their wide range of applications. Most
of the reviews are concerned with the experimental and
theoretical studies of the thermophysical properties or the
convective heat transfer of nanofluids. The purpose of
this work is to focus on the new methods and stability
mechanisms.

In the two-phase heat transfer device technique,
nanofluids give better results. Some of the researchers
worked on the effective enhancement of heat transfer by
using a wickless heat pipe with different nanofluids and
inclination angles. This work is a detailed study of
parabolic dish-type solar water heating systems by using
two thermosyphons filled with nanofluids (ethanol and
acetone with Cu nanoparticles) as a heat transfer tool for
an energy storage system.

Fig. 1: Actual test setup
2. EXPERIMENTAL SECTION

Solar water heating systems are typically of two
types: flat-plate collectors and evacuated tube water
heaters. Recently, some researchers have started
exploring parabolic dish and trough-type solar collectors
for water heating applications. However, due to
limitations in design and insufficient data analysis,
parabolic dish-type domestic water heaters have not yet
demonstrated effective enhancement of solar heat
transfer. The proposed research aims to develop a rooftop
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parabolic dish-type water heater with effective solar heat
transfer performance. Literature review indicates that
optimizing heat transfer and energy utilization through
careful parameter selection is significant for improving
water heater efficiency. In conventional systems, a large
portion of incident solar radiation remains unabsorbed,
and significant heat losses to the atmosphere further
reduce energy efficiency, often resulting in values lower
than expected. The important components are parabolic
shape reflectors (mirrors) that concentrate sunlight at the
focal area. Two wickless heat pipes are used to transfer
the absorbed heat from the focal point to an insulated
cold-water storage tank, as shown in Fig. 1

2.1 Design Considerations

All the parts used in dish-type water heaters are
required to have a certain engineering measure to be
considered suitable for both built-up and domestic use. A
simple method for constructing a parabolic dish is to cut
and fold sheet metal into the desired parabolic shape, as
shown in Fig. 1. The inner surface can then be covered
with mirror fragments to reflect incoming solar rays
toward the focal point. A mild steel sheet of size 24 sq. ft.
(6 ft. x 4 ft.) was used for the parabolic reflector. The
parabolic base was made with mild steel strips of 7 mm
width. Mild steel angle iron of 12 mm width and nut bolts
were used for frame rotation. Fragments of glass in a
rhombus shape were used for the reflector. Silica gum
was used to stick the mirrors to the total inner surface area
of the parabolic solar concentrators. The dual laser
pyrometer was used to measure the temperatures at the
focus. For effective implementation, the mechanical
design of a solar heat accumulator or concentrator must
ensure safety, reliability, and ease of use in domestic
heating applications.

2.2 Nanofluid Preparation

Fig. 2 illustrates the weighing method for
nanoparticles, in which particles approximately 20 nm in
size are dispersed for nanofluid applications to achieve
good dispersion. Surfactants are occasionally employed
to enhance nanofluid stability. In addition, surface
modification of the dispersed nanoparticles and the
application of strong forces to break up agglomerates
may improve the durability of the particles in the base
fluid. Nanofluids can be prepared using one-step or two-
step physical methods. Another advanced approach for
producing nanofluids involves chemical synthesis.

2.3 Sonication

The sonication method (Fig. 3) improves the
dispersion mechanism, which reduces the probability of
particle clustering compared with the magnetic stirring
method. In this technique, ultrasonic waves are
transmitted through the nanofluid. Sonication facilitates
the formation of a more uniform composite suspension.
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There are two distinct sonication methods: probe type
and bath type. Probe sonication generally yields better
results than bath sonication.

Fig. 2: Weighing of nanoparticles

Fig. 3: Sonication of nanofluid
2.4 Magnetic Stirring

A magnetic stirrer, also called a magnetic mixer,
is a laboratory tool that stirs or mixes liquids using a
rotating magnetic field (Fig. 4). A tiny bar magnet is
inserted into the liquid to be stirred, and a magnetic stir
plate is positioned beneath the liquid container. When the
stir plate is activated, the magnetic field rotates the bar
magnet, stirring the liquid as a result. Some magnetic
stirrers feature a built-in heating element in addition to
stirring, allowing the temperature of the liquid to be
controlled. The heating element and liquid temperature
are normally controlled by moving the correct knob on a
magnetic stirrer.

2.5 Enhancing Nanofluid Stability

Dispersants or surfactants are frequently added
to nanofluids to increase stability, which avoids
nanoparticle agglomeration by lowering the surface
tension of the operating fluid. However, excessive usage
of the dispersant can harm the thermal properties and
physical characteristics (reduction in heat-conducting
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ability and chemical stability). Hence, the dispersant
should be used in the appropriate amount. Sodium
dodecyl benzene sulfonate (SDBS), gum arabic, sodium
dodecyl sulphate, polyvinyl pyrrolidone, dodecyl
trimethyl ammonium bromide, oleic acid, and others are
examples of common dispersants. Additionally,
surfactants such as Disponil, Hypermer, and Aerosol are
used.

Fig. 4: Magnetic stirring of nanofluid

2.6 Evaluation of Nanofluid Stability Through
Zeta Potential

The zeta potential is the potential difference
between the stationary fluid layer adhering to
nanoparticles and the bulk fluid. Ghadimi et al. (2011)
reported that lower zeta potential nanofluids exhibited
faster deposition of tiny particles (about 100 nm)
throughout the standard fluid, whereas a higher
magnitude of zeta potential (positive or negative)
portrays the electrically steady suspended solution. Vand
(2009) suggested that nanofluids are moderately stable
when the zeta potential is around 30 mV and are
considered to have good stability when it approaches 45
mV.

2.7 Effect of Surfactant

The impact of surfactants on the zeta potential
of copper in an ethanol-based nanofluid was studied at a
composition of 0.01 vol.%. SDBS was added to the
nanofluid before sonication, and the zeta potential was
monitored over time (in days). Surfactants have a head
and tail and resemble a chain. The negative functional
group is on the tail side of the anionic surfactants, while
the positive functional group is on the head side. The
nanoparticles are drawn to the positive head, which then
binds to them. As a result, the tail-negative charge in the
electrically laminated layer grows, augmenting the zeta
potential's (negative) magnitude. Zeta potential
measurements range from 30 to 26 mV.
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3. ANALYSIS AND CALCULATIONS
3.1 Calculation of Density and Viscosity
W, = weight of pycnometer

W, = weight of pycnometer along with ethanol
(base fluid)

W3 = weight of pycnometer along with
nanofluid having the same volume as that of
ethanol

p1 = density of base fluid (ethanol)

p2 = density of nanofluid

T = mean time of base fluid

T, = mean time of nanofluid

pi =Viscosity of base fluid at room temperature

W2 =Viscosity of nanofluid

_w3-w1

P Wt - (D)
_ p2xT2
M2 = ul -
Wi=1297¢
W2=20.162 ¢

W3=20.6375gm

W3 —Ww. 20.6375-12.97
pr=——= =0.9996g/cm?
Wy—wq 20.162-12.97
2XT2 0.9966 x22033
=2 = x1.1=1.4073 cP
P1IXT1 0.7849 X2.166

Fig. 5: Viscosity measurement using a viscous calorimeter
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Fig. 6: Water bath treatment
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Fig. 7: Temperature vs. viscosity graph for 100 mL of base
fluids

3.2 Thermophysical Properties of Nanofluid

3.2.1 Volume Concentration

WnP
Pnp
Pnp Ppf

Volume concentration, ¢ =

. (3)

where, W,, is the weight of nanoparticles, P, is the
density of nanoparticles, Wy is the weight of standard
fluid, and Pyyis the density of standard fluid.
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3.2.2 Density of Nanofluid

For nanofluids, the density is estimated using
the standard mixture law. According to the composition
law, the density of a nanofluid can be expressed as,

Py = Popp + Ppr(1 = ¢) - (4),

where, Pnr is the nanofluid density, B,, is the
nanoparticle density, Py is the base fluid density, and ¢

is the nanoparticle volume fraction.
3.2.3 Specific Heat of Nanofluid

The specific heat of nanofluids can be evaluated
using the mixture law:

Cony = Conp + Copy1=9) . 5)

where, Cpy ¢, Cpnp, and Cpp ¢ are the specific heats of the
nanofluid, the nanoparticles, and the base fluid,
respectively, and ¢ is the nanoparticle volume fraction.

3.2.4 Thermal Conductivity of Nanofluid
Using Maxwell's equations, we can find out the
thermal conductivity of the nanofluid.

Kk, + 2ky + 2¢(k, — Kpr )
ket Ky + 2kyr — (K, — ki)

ko _

25 40 60
05 T T T 0.5
X 04+ 404
E
<
<
5031 — S e 403
2
0
=}
8 0.2 0.2
§02- 0.
O
®
E
© 0.1 401
=
=
00 T T T 0.0
% 40 [ |Cu nanoparticle
Temperature (° C)|___| Cu-Ethanol nanofluid
|| Cu-Acetone nanofiuid

Fig. 8: Temperature vs. thermal conductivity graph for 100
mL of the base fluids

4. RESULTS AND DISCUSSION

The cooling water flowing through the water
jacket absorbs the latent heat of vaporization from the
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vapour generated in the evaporator section. As a result,
the vapour condenses back to liquid and, through the
capillary action of the wick, returns to the evaporator
section. Fig. 9 shows the inlet and outlet temperatures of
the cooling liquid when ethanol and acetone are used as
base fluids in the heat pipe. The outlet temperature of
acetone is higher than that of ethanol. This behavior can
be attributed primarily to the lower specific heat capacity
of acetone, which results in a greater temperature rise for
the same heat input and consequently a higher exit
temperature of the coolant.

As the tilt angle of the heat pipe increases, the
mass flow rate rises and reaches its optimum value at 45°.
Beyond this angle, the mass flow rate decreases, attaining
its minimum value when the pipe is positioned vertically.
This behavior is primarily influenced by gravitational
effects. Fig. 10 shows the comparative heat input
performance with time for both the ethanol- and acetone-
filled heat pipes. Fig.11 shows that as the heat input
increases around 1:00 pm, the efficiency reaches its
maximum; as the heat input decreases, the efficiency of
the heat pipe correspondingly declines. The maximum
efficiency of the acetone-filled heat pipe at a tilt angle of
60° was 55.46%, which is 0.813% lower than that at a tilt
angle of 45°. Figures 12 and 13 show the efficiency for
ethanol- and acetone-filled heat pipes at different angles,
respectively. The optimum tilt angle for the maximum
thermal efficiency of a heat pipe is 45°. The efficiency
increases till the tilt angle reaches 45°, and beyond that,
it starts decreasing due to reduced mass flow rate and
gravitational effect.

Fig. 15 shows the variation of efficiency with
different tilt angles of the heat pipe for both acetone and
ethanol. It was noted that the heat pipe efficiency for the
acetone-filled pipe was higher than that of the ethanol-
filled heat pipe, as the specific heat capacity of acetone is
lower than that of ethanol. This is because there is a
temperature difference between the acetone vapour and
cooling liquid, which facilitates heat rejection, and as a
result heat transfer efficiency of the heat pipe is higher.
The filling ratio of 40% was considered for both acetone
and ethanol fluids. The minimum and maximum thermal
efficiencies found between the range from 42.30% to
58.48% for Cu-Acetone based nanofluid and ranges
between 37.83% to 54.01% for Cu-Ethanol based
nanofluid, which was 4.47 % lower than that for Cu-
Acetone based nanofluid.

Fig. 16 illustrates that with increase in the tilt
angle; the solar intensity decreases. This is because when
the tilt angle increases, the path length for sun rays also
increases. Dust and other suspended particles scatter light
that causes the solar intensity to decrease.



Harendra Kumar Jha and Arun Kumar / J. Environ. Nanotechnol., Vol. 15(1), 127-138 (2026)

E8.00am =9.00am =11.00am 12.00pm =2.00pm =4.00pm

90 82
80 722"
S 2 6365 — E66
w 60 E =
2 50 =
= 40 g
w 30 262626262626 = 262626262626
2 20 = E
= 10 |
O =
Tin Tout Tin Tout
(acetone) (ethanol)
Heat pipe Heat pipe
=8.00 am 26 63 26 60
E9.00 am 26 65 26 61
=11.00 am 26 72 26 69
12.00 pm 26 82 26 78
=2.00 pm 26 77 26 73
=4.00 pm 26 66 26 62
TIME (h)
Fig. 9: Temperature vs. time graph of the heat pipes
1.6 . 1.44916 1.48118
L38EBT et 134115
R RS R
S, CLCLTT S ) A 1.10]
E 1.2
5 1
a
Z 08
'_
S 06
T
0.4
0.2
0
10.00am 11.00am 12.00pm 1.00 pm 2.00 pm 3.00 pm 4.00 pm 5.00 ¢
TIME (h)
ETHANOL ACETONE  ccceeeeee Linear (ETHANOL)

Fig. 10: Heat input vs. time plot for ethanol- and acetone-filled heat pipes
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Fig. 11: Variation of heat pipe efficiency with time for ethanol- and acetone-filled heat pipes
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Fig. 13: Heat pipe efficiency vs. time plot for acetone-filled heat pipe at different tilt angles

2.5
S 2
L
Q
Q
[ 1.5
©
i)
L
a 1 e D| water
S
“© e ¢ NANOfluid
g o5 e Linear (cu nanofluid )
()
<
|_
0
30 40 50 60 70
== D| water 2.125 1.62 1.375 1.22 1.05
== cU nanofluid 2 1.55 1.28 1.1 0.97

Heat input (kW)

Fig. 14: Thermal resistance vs. heat input for DI water and Cu nanofluid

135




Harendra Kumar Jha and Arun Kumar / J. Environ. Nanotechnol., Vol. 15(1), 127-138 (2026)

30 35 40 45 50 55 60
60 T T L] T T L) T 60
55 - 55
— S0 -1 SO
=
=
2 as - 4 as
@
=] . J
=
W 40 - a0
i —m— Ethanol ]
- —®— Acetone |
N —#— Cu-Ethanol nanofluid
i —w— Cu-Acetone nanofluid 7
30 T T T T T T T 30
30 35 40 45 50 55 60
H.P Tilt Angle (Degree)
Fig. 15: Heat pipe tilt angle vs. efficiency plot for 100 mL of base fluids
1000
810 820
800
E
~
E 600
2
(%)
c
2
€ 400
©
[°)
(%]
200
0
10:00 11:00 12:00 01:00 02:00 03:00 04:00
time (h)
e Tilt 15 e Tilt 30 Tilt 45
Fig. 16: Solar intensity vs. time at different tilt angles
5. CONCLUSION which increases with temperature; consequently,

With a long evaporator area of the heat pipe, the
thermal efficiency of the heat pipe has been seen to
increase. In the case of an acetone-filled wickless heat
pipe, the thermal efficiency has been high compared to
the thermal efficiency of ethanol. With the increase in
working temperature of the evaporator side of the heat
pipe, the overall thermal resistance has increased. Heat
pipe efficiency is optimum at a 45° tilt angle. The
nanofluid exhibits a higher thermal conductivity ratio,

improved thermal performance is observed at elevated
temperatures. The addition of nanoparticles significantly
enhances the heat-transfer capability of the base fluid.
The enhancement in thermal conductivity is directly
proportional to both the particle weight fraction and the
nanofluid temperature. Therefore, increasing the
nanoparticle concentration and operating temperature
results in a greater rise in thermal conductivity.
Additionally, the specific properties of the nanoparticles
and base fluid can influence the thermal conductivity
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enhancement, and hence, careful selection of materials is
important to achieve optimal results. The solar intensity
is higher at lower tilt angles measured from the
horizontal. Thereafter, the solar intensity decreases
significantly. At all tilt angles, the solar intensity reaches
its maximum in the afternoon, around 1:00 p.m. At an
identical heat input, the thermal efficiency of the wickless
heat pipe with a long evaporator section is lower for
ethanol than for acetone. As the tilt angle increases, the
efficiency rises up to 45°, beyond which it declines. The
thermal resistance of the copper-based nanofluid is lower
than that of deionized water. With the increase in the tilt
angle, the thermal resistance decreases and reaches an
optimum at 45° with respect to the horizontal. Thus, a
high-intensity —parabolic dish solar concentrator
integrated with a long-evaporator wickless heat pipe
(thermosyphon) is a promising option for advanced solar
water-heating applications.

5.1 Future Recommendations

Every research study offers opportunities for further
development and extension. System performance can be
enhanced  through appropriate modifications,
improvements, and technological innovations. The
performance of the nanofluid-filled heat pipe may be
further optimized by examining the influence of key
operating parameters, such as the mode of heat input,
flow rate of the working fluid, and ambient conditions. In
addition, nanofluid stability remains a critical issue;
optimization of surfactant concentration is necessary to
improve dispersion stability.

NOMENCLATURE

A.: Surface area of collector (m?)
Cp: Specific heat capacity (J/kg K)
d: Diameter of the pipe (m)

G: Solar radiation (W/m?)

K: Thermal conductivity (W/(m K))
L: Length of the pipe (mm)

m: Mass (kg)

my: Mass flow rate (kg/s)

Q: Heat gain of the working fluid (W)
T: Temperature (K)

Ta: Environment temperature (K)
V: Velocity (m/s)

¢: Volume fraction (%)

n: Thermal efficiency

p: Density (kg/m?)

u: Viscosity (kg/(m-s))

be: Base fluid

ng: Nanofluid

np: Nanoparticles

CSP: Concentrated solar power
PFC: Parabolic focus concentrator
SWH: Solar water heater
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