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Abstract: The experimental investigation of the thermal efficiency of a retrofitted evacuated tube
solar collector employing air as the working fluid, with and without a rectangular aluminum sheet
reflector during the winter, considering both sunny day and hazed day climatic conditions occurred
at Glocal University in Saharanpur, India, between 30 17' (latitude) North and 77 38' (longitude) East.
The solar collector comprises vacuum tubes with directed inner tubes that are 22 mm in diameter
and are put in a single-ended steel cuboid-shaped manifold. The inner steel tubes supply the input
air into the vacuum tube. The heated air is generated in vacuum tubes, collected in the central header
cylindrical manifold, and expelled through the exit pipe. With an aluminum sheet reflector fixed, the
flow velocity, mass flow rate, and irradiance affect thermal efficiency and exit air temperature. In
the case of a stainless-steel tube with a 22 mm diameter and a length of 1.27 meters, the maximum
temperature difference between the outside air and the input air is 71.9 C, and the maximum
temperature recorded is 96.9 C. A higher efficiency of 36.69% is attained with a suitable aluminum
sheet reflector at an increased flow rate of 20.14 kg/h. In ETSCs that have been updated, there is an
average rise in exit air temperature of 37.5%.

Keywords: thermal efficiency; reflector; vacuum tubes; solar irradiance; collector

1. Introduction

The world is increasingly shifting away from fossil
fuels and adopting renewable energy sources for various
objectives; this change will help protect our environment
and stop the challenges brought on by climate change?.
Many residents in rural areas still need to be made aware
that meeting the energy requirement for sustainability is a
big challenge, or they have never heard of the different
ways to capture solar energy for daily activities?.
Sustainability can be achieved through the proper use of
solar energy. According to Akinwale et al.®), many people
must know solar energy's potential benefits, particularly
in southern Nigeria. For more people to be better informed
about the opportunities that abound in renewables,
additional awareness efforts are required®. To avoid the
primary source of energy loss, a solar-powered heat-
driven cooling device uses radiation from the sun®.

Lowering dependence on conventional energy sources
necessitates the use of sources of clean energy, notably
solar energy. Using vacuum-sealed tubes, evacuated tube
solar collectors (ETSCs) convert solar energy into heat

that can be utilized for various purposes, including space
heating and water heating. One way to increase the
performance of ETSCs is to use reflectors to concentrate
and direct more sunlight onto the tubes, increasing the
amount of energy they can absorb. There have been
several studies on the performance of ETSCs with
reflectors. The reflectivity of a material depends on factors
such as wavelength, the material, the surface's quality, and
the radiation's incident angle®. Apart from black bodies,
all objects reflect a part of the incident radiation. The
reflected fraction of the incident radiation is called
reflectivity”.

Many researchers have made some findings to predict the
relationship between temperature and solar radiation. Daut
etal.,'® used a statistical model to predict this relationship
in Perlis, Northern Malaysia 2006. The result showed that
temperature depends on solar radiation. For example, a
study by H. Singh and R. Saini*? explored the effect of
different types of reflectors on the performance of a solar
water heating system with an ETSC. They found that a
parabolic trough reflector was the most effective,
increasing the daily average collector efficiency by 47.6%.
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Another study by S. Arun Kumar et al.*? analyzed the
performance of a solar air heater with an ETSC and a flat
plate reflector. The system's thermal efficiency rose by
23.78% when the reflector was used. In a study by P. C.
Ekechukwu and N. Nwankwo, the efficiency of an ETSC
compared to a conventional flat plate solar collector?.
They found that the ETSC with the reflector heated the
water more effectively and had a higher collector
efficiency. Overall, reflectors can improve ETSC
performance and increase the heat sunlight can produce.
Hybridizing solar systems is one way to increase their
efficiency.

Further research is needed to optimize reflectors' design
and placement to achieve the highest possible
performance gains. Using a reflector to increase the
amount of solar radiation caught by the tubes is one
technique to enhance the efficiency of ETSCs. A reflector
is typically made of a highly reflective material, such as
aluminum, and is placed behind the tubes to reflect
sunlight onto the tubes. Numerous investigations have
been carried out to evaluate the effectiveness of ETSCs
with reflectors. For example, Li et al. * studied the
effectiveness of a solar collector with a parabolic trough
reflector and an ETSC. According to the study, using a
reflector enhanced the collector's thermal efficiency by
31.2%. Another study by Kline et al.*® analyzed the
performance of an ETSC with a flat plate reflector. The
study found that using the reflector increased the thermal
efficiency of the collector by 27.3%. A third study by
Abdallah et al.1”) investigated the performance of an ETSC
with a cylindrical reflector. According to the study, using
a reflector enhanced the collector's thermal efficiency by
19%.

Overall, these studies suggest that using a reflector can
significantly improve the performance of ETSCs.
However, the optimal type of reflector may depend on
various factors, such as the size and orientation of the
collector, the location and intensity of solar radiation, and
the desired operating temperature range. Zambolin & del
Col ¥ The performance comparisons with and without
the reflector effect showed that the optical efficiency with
compound parabolic concentrators was increased by 66%.
When the performance of solar evacuated air heaters with
and without the reflector was compared, an efficiency
improvement of more than 60% greater than the optical
efficiency without compound parabolic reflectors was
observed'®).

Lazzarin®® studied that ETSCs are far more effective
and efficient at catching solar intensity than traditional
absorber field collectors. Vacuum tube solar collectors are
frequently used to generate heat for various applications,
including water heating. But there is still much to discover
about heating the air in many applications, like space
heaters and dryers. According to a review of published
work on ETSCs, considerable effort has been previously
put into experimental study. Minimizing the spaces
between vacuum tubes, minimizing the heat loss to the

surrounding®. Testing was done on the thermal
investigation of ETSCs by Kumar et al.??. The collector
had an aluminum tube inserted inside. Applying the
various tube lengths, it can be determined that as tube
length grows, the temperature difference at low airflow
rates increases.

Yadav & Bajpai®® compared the thermal efficiency of
the ETSCs and FPCs at various flow conditions. The
findings indicate that an ETSC's maximum temperature
difference is higher. S. Kumar et al.?¥ have studied data
collected from an ETSC, revealing that the outlet
temperature is exceptionally high and that the device can
better conserve energy. Zubriski & Dick?) investigated
the effectiveness of ETSCs under various operating
circumstances, which included the inclination angle.
According to the findings, raising mass flow rates will
increase collector effectiveness, and vertical installation is
a more practical alternative design. The experimental
research’s findings show that the geometry of the absorber
surface, mass flow rate, and solar radiation intensity are
the key factors affecting the effectiveness of solar air
heaters?®. Performance analysis will be more appropriate
with a measure of system effectiveness. Mehla & Yadav?”
explored PCM scientifically and demonstrated that the
apparatus performs best at night. A mathematical
simulation of an ETSAH with a parabolic trough collector
was created by Pandey et al.?®). They discovered that a
flowing fluid receives the maximum radiation from the
sun. Comparisons were made between an ETSC's thermal
performance with and without a heat pipe system by
Chopra et al.®®. They concluded that the heat pipe's
condenser area's short segment results in less valuable
heat transmission, so there is room for improvement by
lengthening the condenser area. In their economic
research of employing greenhouse dryers in conjunction
with evacuated tube solar collectors, Singh et al.%%
discovered 39% electrical energy savings with a short
payback period. Evacuated tube solar collector thermal
performance was examined using numerical and
experimental methods, showing that the absorber area
affects both the temperature and efficiency of the collector.
Haze Climate change mitigation strategies include solar
photovoltaics (PVs). Although solar power benefits air
quality, pollutants in the lower atmosphere reduce the
amount of light reaching the solar installation and reduce
the solar intensity, ultimately reducing the optical and
thermal efficiency of the solar collector®®). Many scientists
specializing in using an intermediary fluid to heat water
and air have been investigating evacuated tubes
experimentally3). The temperature and efficiency of
evacuated tube solar collectors were calculated and
experimentally demonstrated to depend upon absorber
areas®?. Three different types of reflectors were employed
to increase the collecting area of evacuated tube solar
collectors, and the performance of 21 various
configurations of the devices was examined to assess the
performance of some material reflectors. Three different
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reflective materials were employed in the study: mirror,
white paint, and Aluminium foil. Five different
Aluminum foil shapes were used: a flat surface, a parabola,
a V-shape, a vertical zigzag, and a horizontal zigzag. The
mirror and white paintings were also used, but only in a
flat shape. Those reflectors were set up either 0.22, 0.17,
or 0.12 meters behind the center of the evacuated tube
solar collectors. A reference set without a reflector was
used to compare each system. According to the
calculations for thermal efficiency, the flat mirror at a
distance of 0.17 m was the best. Additionally, the zigzag
surface's orientation has a significant impact on
effectiveness.

The current experiment's goal is to compare the thermal
performance of retrofitted ETSC, one with a reflector and
the second one without a reflector, in winter, the
importance is to obtain informed knowledge about what
to do to get hot air as quickly as possible during the winter
season when there is a higher demand for hot air. The cold
air was pumped into the stainless-steel tubes to conduct
the investigation, and differences in exit temperature with
thermal efficiency were monitored throughout the day.

1.1 The aim of the present research work

This research aims to produce heated air at different
flow rates employing 22mm diameter directing inner steel
tubes that are uniformly 1.27 meters long with and without
a reflector attached and to track the day's maximum
temperatures, output temperature variation, and thermal
efficiency. Finally, depending on the earlier data collected,
analyze the numerical outcomes. The setup for the
experiment is located at Glocal University in Saharanpur,
Uttar Pradesh, India, at latitudes of 300 17' and 770 38"
Data were gathered between November 11 and November
20, 2022.

1.2 Research Methodology:

This paper relies upon the existing experimental work
of ETSCs for air heating applications. Optimizing the
ETSC performance based on the literature survey design
of ETSC takes place using a reflector for air heating
application because significantly less work is identified in
the field of air heating application. Based on the design
parameters, the experimental setup has been fabricated,
and the experiments were conducted in November 2023 by
changing the air flow rate. The discussion on results takes
place, and the comparative analysis is done based on
previously available data and the scope of future work
identified. It must be financially feasible for household
and industrial use for a newly created system 33, Precise
sizing and operating conditions are crucial factors to
ensure cost-effectiveness®. The heat capture rate
increased using a diffuse flat reflector at the back of the
ETSC tube setup®. Performance comparisons with and
without the reflector affect the optical efficiency*®-4Y.

2. Experimental Setup

In the present investigation, directed inner steel tubes
are used to investigate the thermal performance of an
ETSC. A glimpse of the setup used for the experiment is
shown in Fig's 1 and 2. Nine 1.5-meter-long evacuated
tubes, each measuring 0.037 and 0.047 meters in diameter,
respectively.

Components of the experimental setup
1. Frame

2. Evacuated Tube
3. Aluminium sheet reflector
4. Inner Cuboid Channel with main header

manifold

LUV

Fig.1: Show the Experimental Set up of ETSC with a
reflector

sSupply Alr
Temperature
 Ea

Fig.2: Show the Experimental Set up of ETSC
without a reflector
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Table 1: Thermo-physical properties of the evacuated tube3®

Material Parameters Value
Glass tube Outside Diameter 47mm
outside Thickness 2mm
Transmissivity 0.92
Emissivity 0.9
Glass tube Inside Diameter 37mm
inside Thickness 2mm
Inward Emissivity 0.35
Absorption coefficient | 0.9
Outward Emissivity 0.08

The forced air through the air blower is supplied to the
inner manifold channel via a steel tube to the main
evacuated tube. The air inside the evacuated tube gets
heated due to the accumulation of heat energy inside the
surface of the evacuated tube. Then, the heated air returns
and is collected in the central insulated header manifold.
Air is the working fluid for this given ETSAC setup. Light
rays can pass through a transparent outer tube with
minimal refraction.

2.1 Frame

The frame was made of slotted angular mild steel and
was inclined at an angle of 30° to the horizontal facing the
south [1,21]. The frame was made from perforated angle
mild steel of 50 x 50 x 4mm.

B
B2 E

2000.00

0=

1

| 32500

| 1793.33

Fig.3: Frame design of frame structure

The perforation helps easy assembly and disassembly
of the project and facilitates mobility. The stand
members are fastened together by M12 x 1.0mm bolts
and nuts. The stand was painted black. Depending on the
reflector size, a rectangular aluminum glazed sheet is put
in a frame with the appropriate grooved stainless-steel
tube. The framework is also designed to allow the vacuum
tube to be safely secured in the bottom supporter and the
header.

2.2 Evacuated Tube

Fig. 5 depicts the evacuated tubes utilized in this system.

Each evacuated tube consists of two borosilicate glass
tubes that are concentric and separated by vacuum. The
inside tube is coated (AI-N/AIl) for improved radiation
from the sun absorption, while the outside of the tube is
translucent to prevent reflections. The evacuated tubes are

thought to be heat absorbers, which absorb solar energy
and convert it to heat air.

Fig.4: Eva(;u.éted Tube 2d and 3d view

2.3 Aluminium sheet reflector

Under the evacuated tubes, a reflector is placed to
reflect sunlight onto the tubes. The reflector has a 5mm
thickness. The reflector is 1.75 x 1.09 m?. The Silver
Rectangular Aluminium Grade 7075 Sheet is a non-alloy
with good reflectivity. Due to the higher output
temperature, it can swiftly reflect the solar energy directed
toward the tubes.

—————

Fig.5: Silver Rectangular Aluminum Grades 7075 Sheets

Table 2. Thermo-physical properties of aluminum
sheet reflector 3642

S.No |Thermal Physical

Dimension/Unit

Properties
1 Length 1600mm
2 Breadth 60mm
3 |Thickness 2mm
4 Emissivity 0.09
5 Density 2700Kg/m3
6 Heat capacity 900kJ/KgK
7 Thermal conductivity J173W/mK
8 Coefficient of 23.4 um/m-°C
[Thermal Expansion
@ 20.0 - 100 °C
[Temp

2.4 Inner Cuboid manifold channel fitted in main
manifold header
consists of a square bar of an SS-G304 grade with one
end closed and fitted centrally aligned inside the circular
header manifold, as shown in Fig. 6.
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Fig.6: Shows View of square stainless steel bar inner
manifold

Fig. 7 Inner cuboid manifold fitted with steel tube

The square bar is drilled with nine 22mm holes
concentric with circular header manifold holes, as shown
in Fig. 7. An internal thread in the bores is fastened to a
22 mm SS-G304 tube.

Mechanical equipment includes blowers. With the aid
of these small blades, air can be directed precisely where
needed by connecting them to a wheel and a casing. The
typical blower has a 1-1.2 pressure ratio. The blower
employed in the test had a running time of 10-12 hours.
Cold air enters the SS-304 tubes with the help of a blower.

Fig.: Air blower for air supply

2.5 Measuring Instruments
In this investigation, various parameters were measured,
Such as
e Temperature measurement
o Irradiance measurement
o Air circulation rate
e Surrounding temperature
o Moisture present in the atmosphere

2.5.1 Temperature Indicator

Model: (AP-1S11A001) (Digital corded LCD Display)
Range: -50°C to 110°C

Accuracy: +1°

Resolution:0.1

2.5.2 Solar Intensity Meter (Lux Meter)

Model: NAAFIE Meco-930P(Digital LCD Display)
Range: 0 ~ 200,000 lux

Accuracy level: £ 5%

Resolution: 0.1 lux

Powered by: Battery (9V) and Auto Power mode

2.5.3 Anemometer: To measure air velocity

Model: AVM-01 (Digital LCD Display)

Velocity range: Om/sec to 30m/sec

Accuracy level: £ 5%

Resolution: 0.1m/s

Temperature range: -10°C to 50°C

Powered by: Battery (9V) and Auto Power mode

2.5.4 Digital LC hygrometer:

To measure the ambient temperature
Model: HTC-1 (Digital LCD Display)
Range: Om/sec to 30m/sec

Accuracy level: £ 5%

Temperature accuracy: + 1%
Temperature range: -50°C to 70°C
Humidity range: 20%RH to 90%RH
Powered by: Battery (9V)

3. Geometric Modelling of Experimental
Setup

QIS

A

Fig. 9: Designed Model of ETSAC with reflector using
Solid-Works (Based on the dimensions from Table 1)
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Table 3: Evacuated tube setup parts description
Parts

Frame

Main Header

Inner Manifold

Exit air

Inner Steel tube
Aluminium Reflector
Evacuated Tube

Air Blower

Supply air pipe

Z
o

ol ol Nlo|ugl A~ w N R»

3.1 System Operation

Fig. 9 depicts a three-dimensional geometric design
model of reflector-equipped ETSCs. In this process, the
other end of the inner square pipe closed, allowing the
intake air to pass through it. Nine threaded holes in the
inner square pipe with a diameter of 22mm for fitting steel
tube. Through a cuboid-shaped steel pipe, the blower
directs an external air supply to the evacuated tubes. The
stainless-steel tube increases heat gain through the
evacuated tubes because the thermosyphon effect
separates the hot air from the cold air entering the system.

3.1.1 Thermodynamic performance analysis of
ETSAC with reflector

While doing performance analysis following, are the
input data taken from a weather station data book as per
the location of the experimental model setup and the
geographical location as per the Google map.

. Longitude and latitude

. Surrounding ambient dry bulb temperature

. Collector surface area (m?)
Solar collector altitude, azimuthal angle, and
collector tilt angle

ETSACs' experimental setup with and without
reflectors was set up at Glocal University, Saharanpur,
India, to find out the thermal performance comparative
study behind the mechanical engineering department
workshop of Glocal University Saharanpur, India. Fig. 10
shows the satellite image snapshot captured by Google
map; the precise coordinate is 30°17'34.5"N 77°38'32.2"
E (30.292916N 77.642273E).

¥ bt =D 0

arrow 37

Table4. Measuring value and measuring instruments detail

S.No [Measuring Value  |[Measuring Unit
Instruments
1 |lrradiance Lux meter \W/m?
2 |Wind Velocity /Anemometer m/s
Dry Bulb TemperatureHygrometer oC
4 |Relative Humidity  [Hygrometer %rh
5 |Inlet air temperature |Digital oC
Temperature
sensor
6  |Outlet air temperature |Digital oC
'Temperature
sensor
7  [The mass flow rate offAnemometer Ka/s
air

3.2 Governing Equations

Assumptions considered for a simplified collector
analysis.

. SFEE process

. Adiabatic system design

. The system is a closed system.
. Assumed that the result obtained with no
shading or abstraction with a clear sky.
Gabs + Gref + Gtrs — G (1)
G G G G
x+p+1=1 2

3.2.1 Reflectivity of Aluminium Yunus A.Cengel®®
But the Aluminium plate is opaque, T = 0

a+tp=1

p=1l-a,

3.2.2Collector efficiency®
= 3)
lefr = at (4)
Qout = mCy (T — T;) (5)
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Qin, = atlAc (6)
_ mCy(T¢—T;)
n= atlAc (7)
_ mCy(Tq)
n= atlAc (8)
Tq = Ty — Tins 9)

P,

Fig. 11: Schematic diagram of the position of the stainless-
steel tube in the evacuated tube.

Results & Discussion

Under various operational and geometrical conditions,
this test setup aims to heat the air. The tests were
performed in November 2022 during daylight hours with
good weather. During the day, the temperature typically
varied between 18 °C to 28 °C. Nevertheless, it sometimes
approached 30 °C. From 10 am until 4 pm, an
investigation was conducted. The test used the following
circumstances, and the results were described utilizing a
side-by-side graphic representation.

Case 1: ETSC with steel manifold channel fitted with
directional inner SS-304 tube of 22mm diameter with
rectangular aluminum sheet reflector
Case 2: ETSC with steel manifold channel fitted with

directional inner SS-304 tube of 22 mm diameter

without rectangular aluminum sheet reflector

4.1.Case1l: Vacuum tube with steel manifold channel
fitted with directional inner SS-304 tube of 22mm
diameter with silver color aluminium sheet
reflector.

- Solar Intensity ==0==(utlet temperature N

=f==Temperature difference
”g 800 120§
s 100~
= 600 g
2 80 3
) ©
2 400 60 g
a o
£ 200 40 oE.»
3 20 +
[e]
n 0 0
O O O O 0O O 0O O OO O o o o
O MO MO MOMmMOMmMOoOOmMOo
SO dadNN®MMSE <0 C
\_ Time, (hr) J

Fig. 12a Variation of solar radiation concerning time with
Variation in final outlet temperature at a lower flow rate of
8.58 (kg/h)

4.1.1. At alower flow rate of 8.58 (kg/h) with a reflector

Temperature and sun intensity variations throughout
time are depicted in Fig. 12a. In the experimental setup,
air acts as the working fluid and heats up over time at a
lower flow rate of 8.58 kg/h. The ETSC with a reflector
was discovered to have increased its maximum
temperature to 96.9 °C, its maximum temperature
difference to 71.9 °C at 3 pm, and its solar intensity of
560.9 W/m?.

4 Solar Intensity ~ ==e==Efficiency )
700 30.00
£ 600 25.00
5;500 20.00 &
2 400 &
2 15.00
@ 300 _g
[ =
£ 200 1000 &
3 5.00
2 100
0 0.00
[clNeololololNoloNoloNoloNolNe]
OMO MO MO MmMOmMOOmMO
SO dadANG®F LD DO
R B B IR B B TR IO IR B R I B |
\_ Time, (hr) J

Fig. 12b of solar radiation concerning time with Variation in
the collector efficiency at a lower flow rate of 8.58 (kg/h)

The change in efficiency and sun intensity over time is
depicted in Fig. 12b. Air is the working fluid in the
experimental setup, and it heats up over time at a low flow
rate of 8.58 kg/h. At 3 pm, with the sun at 560.9 W/m2, it
was visible that the ETSC with a reflector had achieved its
maximum efficiency of 24.08% at 3 pm and solar intensity
of 560.9 W/m?,

4.1.2. Atahigher flow rate of 20.14 (kg/h) with a
reflector

Temperature and sun intensity variations throughout
time are depicted in Fig. 13a. In the experimental setup,
air acts as the working fluid and heats up with time at a
high flow rate of 20.14 kg/h. At 2 pm, the ETSC with a
reflector gained a maximum temperature of 82.6 °C and a
maximum temperature difference of 55.6 °C, with a solar
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intensity of 660.3 W/m?,

4 Solar Intensity N\
Outlet temperature
==0==Temperature difference

800 100
£ 0
S 600 803
= 60 3
g 400 o
o] 40 8_
c £
=200
= 202
S
" 0 0

O O O O O O O O O O O O O
O MO MO MmMOoOmMOoOOmMOoOmOo
S S dd AN N®MOMI < 10 0 O
L B B B I I T e B B B I |
L Time,(hr) J

Fig. 13a Variation of solar radiation concerning time with
Variation in final temperature and temperature difference
at a higher flow rate of 20.14 (kg/h)

4 ] B N
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£300 [ ° 15.002
F200 | S 10.00W
&100 5.00
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O O O 0O O O O O O O OO O O
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OO d " N N OOM I I I IO ©
R B I I T I T T I B I I |
L Time,(hr) J

Fig.13b Variation of solar radiation concerning time with
Variation in the collector efficiency at a higher flow rate of
20.14 (kg/h)

The efficiency and sun intensity variations over time
are depicted in Fig. 13b. In the experimental setup, air is
the working fluid and is heated over time at a high flow
rate of 20.14 kg/h. As observed, the ETSC with a reflector
benefited from a sun intensity of 687.3 W/m? and a
maximum efficiency of 39.69% at 2:30 pm.

4.2 Case 2: Evacuated tube with steel manifold
channel fitted with directional inner SS-304 tube
of 22mm diameter without rectangular
aluminum sheet reflector

J

4 Solar Intensity
Outlet temperature

==pe==Temperature differen
emperature difference 100

600 80
60

40
20

Solar Intensity,(W/m?)
5
o
Temperature,(°C)

o
o

10:00
10:30
11:00
11:30
12:00

o o o
N oM
N @ ®

14:00
14:30
15:00
15:30
16:00

D I |
\_ Time,(hr) J
Fig.14a Variation of solar radiation concerning time with
Variation in final temperature at a lower flow rate of
8.58 (kg/h)

4.2.1. At a low flow rate of 8.58 (kg/h) without a
Reflector

Temperature and sun intensity variations throughout
time are depicted in Fig. 14a. Air is the working fluid in
the experiment setup, and it heats up over time at a low
flow rate of 8.58 kg/h. The ETSC without a reflector
gained a maximum temperature of 85.9 "°C" and a
maximum temperature difference of 60.2 0C at 3 pm,
along with a solar intensity of 687.3 W/m2.

4 Solar Intensity e=e== Efficiency )
800 25.00
& 700 2
E 600 /._. 20.00 <
2 400 /0 =
% 300 .,. 10.00 g
- o
5 200 | O~e=Ongoge” 500 U
& 100
0 0.00
[eNeololololNoBololoNoloNolN o
NN NMONS MO M
OO dd AN NOMMITE T O WO O
D B o B B B T B O T I B B I |
\_ Time,(hr) Y,

Fig. 14b Variation of solar radiation concerning time with
Variation in the collector efficiency at a low flow rate of
8.58 (kg/h)

Efficiency and sun intensity variations throughout time
are depicted in Fig. 15b. In the experimental setup, air is
the working fluid, which heats up over time at a high flow
rate of 20.14 kg/h. The ETSC attained a maximum
efficiency of 22.73% at 4:00 pm and a solar intensity of
710.3 W/m2, as could be seen.

4.2.2At a high flow rate of 20.14 (kg/h) without a
reflector

Temperature and sun intensity variations throughout
time are depicted in Fig. 16a. In the experimental setup,
air acts as the working fluid and heats up with time at a
high flow rate of 20.14 kg/h. The ETSC gained a
maximum temperature of 71"°C" and a maximum
temperature difference of 41 0C at 2:30 pm, along with
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sun intensity of 532.6 W/m2, as could be seen.

4 Solar Intensity N
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Fig. 15a Variation of solar radiation concerning time with
Variation in final temperature and temperature difference
at a high flow rate of 20.14 (kg/h)
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Fig. 15b Variation of solar radiation concerning time with
Variation in the collector efficiency at a high flow rate of
20.14 (kg/h)

Fig. 15b shows the Variation of efficiency and solar
intensity with time. The working fluid in the experimental
setup is air, which gets heated over time at a high flow rate
of 20.14 kg/h. It could be seen that the ETSC, without a
reflector, gained a maximum efficiency of 32.55% at 2:30
pm and solar intensity of 651.3 W/m2.

5. Conclusion

We found that when all of the results obtained from the
graph were compared in both sunny day and hazed day
climatic conditions, ETSC's steel manifold channel, with
rectangular aluminum sheet reflector, produced the most
significant temperature variation of 71.9 °C, and the
maximum outlet temperature of 96.9 °C at a lower flow
rate of 8.58 kg/h and solar intensity of 560.9 W/m?.

This is because the air stay at a low flow rate is
generally more extended than the residence time at the
highest flow rate, enhancing the heat transfer rate.

As well as this result is obtained at 560.9 W/m?2 which
is comparatively low. The result could be more optimized
if the solar intensity exceeds this value.

Also, the aluminum sheet reflector offered a slight
increase in temperature more than the evacuated tube

without the reflector as per the irradiance. Also, as the
solar intensity level increases, the output temperature and
temperature difference increase, as shown in the graph.
All efficiency values have been compared for flow rates
of 8.58 kg/h and 20.14 kg/h, and the results were obtained
with and without a reflector. We conclude that the
arrangement of fitting Aluminium sheet reflectors results
in a higher efficiency of 36.69% at a high flow rate of
20.14 kg/h. The reflector, it was concluded, provides an
additional benefit for maximizing the output temperature
and efficiency of the ETSC. The efficiency of ETSC by
using diffuse flat reflector improvement varies from
14.7% to 27%°%). Because the thermal efficiency is
directly proportional to the mass flow rate, the output
efficiency rises as the mass flow rate does. It shows that
with more solar irradiation, more light will be reflected by
the aluminum sheet reflector on the evacuated tube,
generating more heat. This accounted for the higher
temperature in the air in the evacuated tube with a reflector.
For future advancement in this project, a more
reflective reflector can be used to optimize the
experiment's performance. The use of a different kind of
effective reflector can enhance optical properties,

Acknowledgments

In collaboration with the "research and development
center" at the Glocal University, Saharanpur, Uttar
Pradesh, India, the "ETSAC with reflector" project is
fabricated. The experimental setup is installed correctly
and tested.

Abbreviation & Nomenclature

ETSCs evacuated tube solar collectors
FPC flat plate collector

ETSAC evacuated tube solar air collector
PCM phase change material

List of symbols

Ty final temperature of outlet air(°C)

Ti Initial temperature of inlet air("C)

m mass flow rate of air(kg/h)

Ac area of evacuated tube solar air collector (m? )
C, specific heat capacity of water [J/kg K]

| intensity of solar radiation [W/m?]

G total radiant incident energy

Qin heat supplied to the water [W]

Qout heat required by water [W]

Greek symbols

n collector efficiency
o« absorptivity
B tilt angle
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Q4 m=

2)

3)

4)

5)

6)

7)

8)

9)

reflectivity

emissivity

Transmissivity

Stefan Boltzmann constant [W/m?]

References

B.N. Li, N. Haneklaus, “The role of renewable energy,
fossil fuel consumption, urbanization and economic
growth on CO2 emissions in China,”. Energy Reports,
Vol 7, pp- 783-791(2021).
https://doi.org/10.1016/j.egyr.2021.09.194.

M. K. Barai, B. B. Saha, “Energy Security and
Sustainability in Japan,” Evergreen: Joint Journal of
Novel Carbon Resource Sciences & Green Asia
Strategy, Vol. 2(1), 49-56, (2015).
https://doi.org/10.5109/1500427

Y. Akinwale, Y.1.O. levbare, I. Ogundari, “Utilising
renewable energy technologies for electricity poverty
reduction in South-West Nigeria: technology
adoption and psychosocial perspectives,” Int. J.
Renew. energy Technol. Vol 6, pp.224-244.(2015).
doi.org/10.1504/1JRET.2015.070149

R. A. Roufl, M. A. Hakim Khan, K. M.A. Kabir, B.
B. Saha, “Energy management and heat storage for
solar adsorption cooling,” Evergreen Joint Journal of
Novel Carbon Resource Sciences & Green Asia
Strategy, Vol.3(2), 1-10, (2016).
https://doi.org/10.5109/1800866

S. Khan, W. Yahong, A. Zeeshan, “Impact of poverty
and income inequality on the ecological footprint in
Asian developing economies,” Assessment of
Sustainable Development Goals. Energy Reports,
Vol 8, pp.670-679.(2022).
https://doi.org/10.1016/j.egyr.2021.12.001

O. Panagopoulos, A.A. Argiriou, A. Dokouzis,
Alexopoulos, S.O., Gottsche, J., “Optical and thermal
performance simulation of a micro-mirror solar
collector,” Energy Reports, Vol 8, pp.6624—
6632.(2022).
https://doi.org/10.1016/j.egyr.2022.05.007

N.N. Shi, C.C. Tsai, F. Camino, F, G.D Bernard, N.
Yu, R. Wehner, “Keeping cool: Enhanced optical
reflection and radiative heat dissipation in Saharan
silver ants”. Science, Vol 30. 298-301.(2015).
https://doi.org/10.1126/science.aab3564

S.Y. Jeong, C.Y.Tso, Y.M. Wong, C.Y.H. Chao, B.
Huang, “Daytime passive radiative cooling by ultra-
emissive bio-inspired polymeric surface,” Sol.
Energy Mater. Sol. Cells,206.(2020).
https://doi.org/10.1016/j.s0lmat.2019.110296
D.Ridisser, R.S.McLeod, W.Wagner,C.J. Hopfe,
“Numerical derivation and validation of the angular,
hemispherical and normal emissivity and reflectivity
of common window glass,” Build. Environ. 207,
(2022).
https://doi.org/10.1016/j.buildenv.2021.108536

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

-2274 -

I. Daut, M.l. Yusoff, S. lbrahim, M. Irwanto,
“Relationship between the Solar Radiation and
Surface Temperature in Perlis,” Advanced Materials
Research” Vols. 512-515 pp 143-147 (2012).
doi:10.4028/www.scientific.net/ AMR.512-515.143
H. Singh, & R. Saini, “Performance analysis of solar
water heating system with evacuated tube collector
and reflectors,” Renewable Energy, 96, 350-356.
(2016).

S. Arunkumar, T. Sornakumar, & K. Sureshkumar,
“Performance analysis of solar air heater using
evacuated tube solar collector with reflector,”.
International Journal of Mechanical and Production
Engineering Research and Development (IIMPERD),
9(4), 967-976(2019).

P.C. Ekechukwu, & C.N. Nwankwo, “Comparative
study of the performance of flat plate solar collector
and evacuated tube collector with reflector,”
International Journal of Renewable Energy Research,
7(1), 270-276. (2017).

A. Hussein. Jaffar, A. Ali, Ismaeel, Ahlam Luaibi
Shuraiji, “Review of Hybrid Photovoltaic- Air
Updraft Solar Application: Present and Proposed
state Models,” Evergreen Joint Journal of Novel
Carbon Resource Sciences & Green Asia Strategy,
Vol. 9(4), 1181-1202, (2022).
https://doi.org/10.5109/6625729

G. Li, H. Li, Y. Li, Q. Zhang, & H. lJiang,
“Performance analysis of a solar collector based on
an evacuated tube with a parabolic trough reflector,”
Renewable Energy, 139, 989-998. (2019).

S.J.Kline, Y. Xu, & X. Zhang, “Performance analysis
of a hybrid flat-plate and evacuated-tube solar
collector with a reflector,” Solar Energy, 155, 974-
982. (2017).

S. Abdallah, H.H. Hassan, & A.A. El-Sebaii,
“Performance enhancement of evacuated tube solar
collector using cylindrical reflector,” Energy Reports,
6, 1419-1428, (2020).

E. Zambolin, D. del Col, “An improved procedure for
the experimental characterization of optical
efficiency in evacuated tube solar collectors,”
Renew.Energy 43, 37-46. (2012).
https://doi.org/10.1016/j.renene.2011.11.011

R.  Cherian, L.G. Lasithan, “Performance
enhancement of solar water heater using compound
parabolic reflector and numerical simulation of
thermal losses,” International Conference on Energy
Efficient Technologies for Sustainability, ICEETS
(2016). DOI: 10.1109/ICEETS.2016.7582936
R.Lazzarin, “Heat pumps and solar energy: A review
with some insights in the future,” International
Journal of Refrigeration, 116, 146-160. (2020).
https://doi.org/10.1016/j.ijrefrig.2020.03.031

K. Tewari, and R. Dev, “Analysis of modified solar
water heating system made of transparent tubes &
insulated metal absorber,” Evergreen Joint Journal of



Enhancing the Thermal Efficiency and Optimum Temperature of a Modified Evacuated Tube Solar Air Collector by using the Reflector

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

Novel Carbon Resource Sciences & Green Asia

Strategy, 5(1) 62-72 (2018).
https://doi.org/10.5109/1929731
A. Kumar, S. Kumar, A. Yadav, “Thermal

performance analysis of evacuated tubes solar air
collector in Indian climate conditions,” Int. J.
Ambient Energy 37, pp.162-171. (2014).
https://doi.org/10.1080/01430750.2014.915884

A. Yadav and V.K. Bajpai, “Comparison of thermal
performances of flat plate and evacuated tube solar air
collector at different flow rates: experimental
analysis,” Int. J. Renew. Energy Technol. 4,
107.(2013).
https://doi.org/10.1504/ijret.2013.052924

S. Kumar, A. Kumar, & A.Yadav, “Experimental
analysis of the thermal performance of evacuated
tube and flat-plate solar air collectors at different air
flow rates,” International Journal of Sustainable
Engineering, 8(4-5), 280-293. (2015).
https://doi.org/10.1080/19397038.2013.878001

S.E. Zubriski, K.J. Dick, “Measurement of the
efficiency of evacuated tube solar collectors under
various operating conditions,” J. Green Build. 7, 114—
130. https://doi.org/10.3992/jgb.7.3.114, (2012.)
L.A. Rasheed, A. Jamal, -K. Mohammed, Raed A.
Jessam, “Performance Enhancement of a Single Pass
Solar Air Heater by Adopting Wire Mesh Absorber
Layer,” EVERGREEN Joint Journal of Novel Carbon
Resource Sciences & Green Asia Strategy, Vol.10(2),
880-887, (2023). https://doi.org/10.5109/6792883

N. Mehla & A. Yadav, “Experimental nalysis of the
thermal performance of evacuated tube solar air
collector with phase change material for sunshine and
off-sunshine hours,” International Journal of Ambient
Energy, 38(2), pp.130-145.(2017).
https://doi.org/10.1080/01430750.2015.1074612

S. Pandey, S.K. Mishra, A. Sharma, A.K. Verma, L.
Yadav, “Performance analysis of evacuated tube type
solar air heater with parabolic trough type collector,”
Int. J. Energy Water Resource. 6, 337- 351, (2022).
https://doi.org/10.1007/s42108-021-00158-w

A. Chopra, A.K.Pathak, V.V. Tyagi, A.K. Pandey,
S. Anand & & A. Sari, “Thermal performance of
phase change material integrated heat pipe evacuated
efficiency of the evacuated tubes solar water heater
by adding a reflector,” Int. Energy J. 20 (2020).

D. Kapil, S.S. Sharma and S. Jasbir, “Design,
construction and performance testing of a simple low-
cost solar dryer for agricultural and food products,”
Int. J. Renew. Energy Technol. Vol. 12, pp 301-317,
(2021).

Y. Kim and T. Seo, “Thermal performances
comparisons of the glass evacuated tube solar
collectors with shapes of absorber tube,” Renew.
Energy.32, pp.772-795. (2007).
https://doi.org/10.1016/j.renene.2006.03.016.

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

-2275 -

B.A. Alhabeeb, T.J. Kadhim, H.T. Hashim, H.N.
Mohammed, “Enhancement of the thermal efficiency
of the evacuated tubes solar water heater by adding a
reflector,” International Energy Journal 20, pp.57 —
66. (2020).

Dhiman and G. Sachdeva, “Energy and Exergy
Analysis of a Pressurized Solar Cooking System
Based on a Parabolic Dish Collector,” EVERGREEN
Joint Journal of Novel Carbon Resource Sciences &
Green Asia Strategy, Vol.9(4), 1168-1180, (2022).
https://doi.org/10.5109/6625728

Y.D.Kim, K.Thu, K.Choon Ng, “Evaluation of
parametric optimization of the thermal performance
and cost-effectiveness of active-indirect solar hot
water plants”, Evergreen. Joint Journal of Novel
Carbon Resource Sciences & Green Asia Strategy,
Vol.2(2), 50-60, (2015).
https://doi.org/10.5109/1544080

D. Mishra, and N. K. Saikhedkar. "A study and
theoretical analysis of evacuated tube collectors as
solar energy conversion device for water heating."
Advance Physics Letter, Vol. 01, Issue 03, pp. 26-35,
(2014).

K. Shanks, S. Senthilarasu, T.K. Mallick, “Optics for
concentrating photovoltaics: Trends, limits and
opportunities for materials and design,” Renew.
Sustain. Energy Rev. 60, pp.394-407. (2016).
https://doi.org/10.1016/j.rser.2016.01.089

Google map, "Glocal University Mechanical
Engineering Workshop," [WWW Document].(2023)
URL
https://www.google.com/maps/@30.2924954,77.633
596,1263m/data=13m1!1e3!5m2!1e 411e2

Y.A. Cengel, AJ.G., “Heat and Mass Transfer:
Fundamentals and Applications,” 5th Edition, 5th ed.
McGraw Hill Education (India) Private Limited, New
Delhi. (2016).

D. Milani, A. Abbas, “Multiscale modeling and
performance analysis of evacuated tube collectors for
solar water heaters using diffuse flat reflector,”
Renewable Energy, Volume 86, pp.360-374, (2016).
ISSN9601481,
https://doi.org/10.1016/j.renene.2015.08.013.

S. Zaphar, M. Chandrashekara, G. Verma, “Analysis
of an Evacuated Tube Solar Collector using a One-
end Stainless Steel Manifold for Water Heating
Applications under Diverse Operational Conditions,”
EVERGREEN Joint Journal of Novel Carbon
Resource Sciences & Green Asia Strategy, Vol. 10(2),
897-911, (2023). https://doi.org/10.5109/6792885

H. Chang, C. Duan, K. Wen, Y. Liu, C. Xiang, Z.
Wan, S. He, C. Jing, S. Shu, “Modeling study on the
thermal performance of a modified cavity receiver
with glass window and secondary reflector,” Energy
Conversion and Management, Volume 106, |,
Pages1362-1369,(2015).ISSN0196-8904,
https://doi.org/10.1016/j.enconman.2015.10.043.



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 04, pp2265-2276, December 2023

42) https://www.gabrian.com/wp-
content/uploads/2018/09/7075-Aluminum-Alloy-

Properties.pdf
43) A. Yeeles, “Solar power reduced by haze,” Nature
Clim Change 8,854(2018).

https://doi.org/10.1038/s41558-018-0301-z

- 2276 -





