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ABSTRACT

Solar energy represents a future solution for clean, sustainable energy, because the sun generates much more
energy every day than it is necessary for daily consumption, unlike fossil fuels. The only limitation related to
this renewable resource is the ability to transform this energy into electricity. The paper presents a functional
model of equipment that allows the capture of solar energy using special panels, which can rotate according
to the sun, so that the incidence of rays with the radiating surface of the panels is maximum, and the yields
obtained at different angles of inclination (in the vertical plane: 30 °and 45 °, and in the horizontal plane: 0 °to
be maximum.

REZUMAT

Energia solara reprezinta o solutie de viitor pentru o energie curata, sustenabild, datorita faptului ca soarele
genereazd in fiecare zi mult mai multd energie decét avem nevoie pentru consumul zilnic, spre deosebire de
combustibilii fosili. Singura limitare legatd de aceasta resursa regenerabild este capacitatea de a transforma
aceastd energie in electricitate. In lucrare se prezintd un model functional de echipament care permite
captarea energiei solare utilizand panouri speciale, care se pot roti dupa soare, astfel incét incidenta razelor
cu suprafata radianta a panourilor sa fie maxima, iar randamentele obfinute la diferite unghiuri de inclinatie (in
plan vertical: 30 °si 45 ¢, iar in plan orizontal: 0 ° sa fie maxime.

INTRODUCTION

The sun provides the majority of the energy consumed by humanity on Earth. "Solar" energy is derived
directly from the sun. Renewable energy is also known as environmentally friendly power, green power,
sustainable power, or alternative energy. The surrounding stellar environment absorbs the majority of the sun's
energy, so very little of it reaches Earth as radiation (Majeed et al, 2023).

A square meter on Earth's surface receives an average of 1366 W of solar energy (Lindsey, 2009), but
this might vary depending on latitude (Cocks, 2016). The first stage in capturing solar energy is estimating the
guantity of energy available from the sun in a specific area of the Earth. A country's economic and social
success is determined by its ability to obtain a consistent and affordable supply of energy (Fatai et al., 2004;
Muneer et al., 2006).

Renewable energy sources, such as wind and sun, can be used to power farm vehicles in a way that is
beneficial to the economy and the environment (Balasuadhakar et al., 2016).

Clean energy, also known as renewable energy, is derived from non-anthropogenic sources such as
the sun and wind. These sources can be replenished continuously, despite the fact that they are time and
weather-dependent. On the other hand, fossil fuel is a collective name given to oil, natural gas, and coal, which
are non-renewable energy sources generated from carbon-based dead and buried organisms that
disintegrated millions of years ago (Bhatia and Gupta, 2019; Zekai, 2008).

Solar energy remains one of the oldest renewable sources of energy in the universe, which is taken in
the form of solar radiation from the sun and primarily employed in three ways: a) electricity generation with
solar cells in which photovoltaic or photoelectric cells are used; b) the sun heat can be used to warm water in
a glass panel of a solar energy system through solar water heating; c) production of high temperatures from
the sun through the use of furnaces and mirrors to collect the sun's energy is the primary focus, which may
also be utilized in cooking and processing food, enhanced oil recovery, water desalination, chemical
production, and mineral processing (Zekai, 2008; Ihssen et al., 2014; Zhao et al., 2013).

631


mailto:valentin_vladut@yahoo.com;%20nicoletaung@yahoo.com

Vol. 72, No. 1 / 2024 INMATEH - Agricultural Engineering

The global public and private sectors are actively pursuing new solutions to meet the demand for clean
energy while lowering greenhouse gas emissions and energy costs in their operations. Consequently, the
installation of renewable and sustainable energy systems became a priority (Mekhilef et al., 2012; Kahraman
and Dincer, 2022; Tong et al., 2022; Gageanu et al., 2011). Thus, solar energy remains the most viable
alternative energy source because it offers a number of advantages over other options (Ahmed et al., 2022).
Solar energy is naturally available as an environmentally beneficial energy source supplied by the sun, which
may be exploited to directly generate power (Jahid et al., 2018). Furthermore, solar energy produces no
pollution, requires little maintenance, and the product technology has a long life expectancy of around 20-30
years (Jahid et al., 2018; Saidur and Mekhilef, 2010). Solar applications were initially developed for rural
electrification, telecommunications, and agriculture sectors, but they are now used in a wide range of
applications, such as solar water heating, solar drying, and solar photovoltaics (PVs) (Saidur, 2010;
Mohammed Wazed et al., 2018; Zaharaoui et al., 2021; Xiong et al., 2021; Huang et al., 2022). Besides, solar
power can supply 100 percent of the world's primary energy demand (Perez and Perez, 2022).

Heat transmission (HT) is a branch of heat research that studies the creation, use, modification, and
preservation of thermal energy systems. In recent years, there has been a growth in interest in the topic of HT
as people become more concerned about climate change and its implications for energy systems.
Understanding the concepts of HT has never been more important as the world strives to decrease its carbon
footprint and switch to renewable energy sources.

This study seeks to provide an overview of the fundamentals of HT, its uses, and its significance in the
context of renewable energy and climate change. The study of HT includes several components, such as heat
transfer by conduction, convection, and radiation (Salawu et al., 2022). Many academics offer different
approaches to explaining heat transfer ideas in engineering challenges (Hussain et al., 2021; Kartal, 2022).
Some of the applications studied include spaceship design, comets and asteroids, mass transfer preservation,
heat exchanger design, and heat piping system development.

The accelerating depletion of fossil fuels, along with increased concerns about climate change, has
driven the world to a critical juncture in its energy transition. During this paradigm change, hybrid renewable
energy systems (HRES), especially those incorporating solar and wind power technologies, have emerged as
key options to meet the difficulties of energy sustainability (Marks-Bielska et al., 2020; Dincer, 2000). However,
such systems reduce the intermittency difficulties inherent in individual renewable sources, increasing the
overall reliability and stability of energy production. Solar power's highest output occurs during daylight hours;
however, wind power can be harvested even when solar availability is limited (Garratt et al., 2023). Integrating
these sources makes the energy supply more consistent, lowering the chance of power outages during
inclement weather. Furthermore, energy storage technologies integrated into hybrid systems provide surplus
energy storage during peak production periods, allowing its usage during low production phases, enhancing
total system efficiency, and lowering waste (Hassan et al., 2023; Maican et al., 2019).

MATERIALS AND METHODS

The operating principle of the solar collector is based on the use of the black body effect (achieved by
means of the absorbent surface) combined with the greenhouse effect (achieved by the glass plate and the
polyester film). The installation is made as an experimental model and uses flat solar collectors with gaseous
thermal agent (air). Structurally, it was designed specifically for research. In addition to the basic function of
capturing and converting solar energy into thermal energy by heating the air, the installation allows the
horizontal and vertical rotation of the solar panels to further expand the scope of investigations depending on
the angle of incidence of the sun's rays with the surface of the panel.

The experimental model of the module for capturing and converting solar energy into thermal energy
(Figure 1) is located in an area with exposure to the sun throughout the day, at a distance that ensures minimal
losses on the thermal agent transport network (air), from solar collectors to potential users such as a fruit
drying facility. The main component subassemblies of the module for capturing and converting solar energy
into thermal energy are: the support frame, the solar collectors and the air tubes with a low-pressure centrifugal
fan. The rotation of the solar collectors around a central pivot by 45° left-right from the initial orientation position
to the south and also the orientation of the solar collectors in the vertical plane at fixed angles of 30° and 45°
is done manually and checked each time with appropriate measuring instruments. With these facilities, the
variation of solar energy can be highlighted throughout the day by orienting the panels according to the
position of the sun, and adjustments can be made to optimize the system's operating regime.
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Fig. 1 — Module for capturing and converting solar energy

The module for capturing and converting solar energy into thermal energy consists of:
The support frame, is an assembly made up of removable modulated elements, and forms the structure
on which the solar collectors are mounted with their connecting elements and air ducts. On the upper part
of the frame, two plates are mounted that can rotate with respect to each other and that allow the horizontal
rotation of the panel support frame. The support of the solar collectors is mounted on the mobile plate, it
supports the solar collectors and through a joint allows their angle to be adjusted in the vertical plane.
Solar collectors transform the captured solar energy into thermal energy that is taken by means of a
continuous air current produced by a low-pressure fan and led to a technological line that uses hot air.
The air ducts are each connected by special connections to one solar collector and make the hot air
transport circuit to the user (drying room). A centrifugal, low-pressure fan has been interspersed in the air
circuit, which ensures counter-current air circulation.

The module for capturing and converting solar energy has as its operating principle the use of the black

body effect (realized by means of the absorbing surface) combined with the greenhouse effect (realized by the
glass plate and the transparent polyester film).

The sun radiates maximum energy in the visible spectrum, a field in which the glass plate and the

polyester film are transparent. Thermal solar radiation has a wavelength between 0.72 and 400 ym, easily
passes through the glass plate and foil and reaches the absorbent plate.

The absorbent plate (black body of the collector) absorbs solar radiation, heats up to a temperature of

80-+120°C and radiates in the far infrared. The glass plate, transparent in the visible spectrum, is opaque
in the infrared to radiation with a wavelength of over 4.5 ym and thus the collector becomes a trap for
electromagnetic waves that once entered cannot leave it. Thus, the glass surface becomes a one-way gate
for capturing solar energy. The module also has the possibility to change its position following the movement
of the sun throughout the day. The module has a pull-type device (Figure 2) for changing the angle of
inclination of the collector in the vertical plane within the limits of 30 and 60° compared to the horizontal
plane of the ground.

Fig. 2 —Tierod for changing the angle of inclination of the collector in the vertical plane
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The measurement of the angle of rotation in the horizontal plane is done with an indicator (Figure 3), with
a position index from 15 to 15°. Initially, the module is fixed with the zero position of the pointer to the south. From
this position, the module can be rotated by 45° towards sunrise or sunset depending on the position of the sun
in order to obtain a maximum efficiency of its radiation.

Fig. 3— Angle indicator in horizontal plane

e The ducts for heated air have transducers along the route to measure the temperature and air flow. In
order to benefit from warmer air, one can try to reduce the air flow by interposing a shutter with an
adjustable section along the tube route. In order to reduce thermal energy losses, the ducts for hot air
conduction will be insulated with a layer of glass wool and the shortest routes will be sought between the
installation for capturing and converting solar energy into thermal energy and the technological line
benefiting from the intake of hot air.

Main technical characteristics:

« the thermal agent used: air;
« number of collectors: 4;
« type of collectors: plane;
« mode of placement: on the ground, on a metal support frame;
« the capture surface: - on a collector: 1.5 m?
- on the module: 6 m?;
« the air passage section through the absorbent plate of the collector:
- variantA.......... 288 cm?;
- variantB.......... 576 cm?;
- variantC.......... 144 cm?;
- variantD.......... 288 cm?;
« the glass window: transparent glass, 4 mm;
« isolation: polyurethane foam;
« max. temperature of the absorbent plate: +130°C;
« max. temperature of air at the outlet of the manifold (in free circulation): +90°C;
« heated air flow rate (per module): approx. 100 m?/h;
« the angle of inclination to the horizontal: min. 30°, max. 60°;
« the angle of rotation in the horizontal plane: 45° left-right;
e energy capacity: 350-700 Wh/m?;

« dimensions of the entire module:
- length (without tubes): 3 m;
- width: 21m
- height: 4.15m
« The panels can rotate both vertically and horizontally, thus:
- inclination in the vertical plane (fixed angles): 30°, 45°, and 60°;
- inclination in the horizontal plane (fixed angles): -30°, -15°, 0°, +15°,+30°, 0° representing the
orientation to the south).
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The experiments aimed at verifying the installation under normal operating conditions and identifying
the optimal solution for building and operating the installation for capturing and converting solar energy into
thermal energy at angles of 30° and 45° in the vertical plane (maintaining at 0° in the horizontal plane).

During the tests, depending on the time of day, was measured for each panel:
= inlet temperature (To) and outlet temperature from the panel (Ti);
= the speed of the air current (vi) at the exit from each solar collector.

To differentiate them, the solar collectors (panels) were numbered as follows:

« panel no. 1, constructively defined as variant A,;
« panel no. 2, constructively defined as variant B;
« panel no. 3, constructively defined as variant C;
e panel no. 4, constructively defined as variant D.

RESULTS
Experiments with tilting the collectors in the vertical plane at 30°

The results of measurements for the tilt position of the panels at 30° in the vertical plane and fixed
orientation to the south are presented in Table 1 and in the related diagrams. The measurements were carried
out with the testovent, an electronic device that measures the instantaneous values of current speed and air
temperature.

Figure 4 shows the temperature variation for each panel with measurements taken in increments of 15
minutes, between 10 a.m. and 4 p.m. The graph shows that the temperatures recorded at panel 1 (T1) are the
highest.

Figure 5 shows the variation of the air flows resulting from the calculation, depending on the speed of
the air current measured in the outlet section of the collector. The flows were denoted by L1, L2, L3, and L4
and resulted by calculation according to the relation:

L = v-S [m¥h] Q)
where:

S = 0.12 m2 — represents the area of the exit section of the solar collector where the measurement was
made;

Vv — represents the speed of the air current.

Figures 6 and 7 show the variation of the heat accumulated by solar collectors during the day between
10 a.m. and 4 p.m., respectively the variation of the yields of the solar panels resulting from the calculation.
The efficiency of the solar heat storage installation (yield) can be calculated with the relation:

=9
n=s 2
where:

Qi - is the heat accumulated by the solar collector (i=1+4) [Kcal/h];
Q - is the total heat received by the collector [Kcal/h].

The heat accumulated by each collector was calculated using the relation:
Qi = Li-c:(Ti- To) 3)
where:
Li — the flows resulting from the calculation at each solar collector [m3/h];
¢ — the specific heat of the working fluid [Kcal/m?® °C];
Ti— the temperature recorded at the exit from the panel (i=1+4) [°C];
To— environmental temperature [°C];

The total heat received from the sun was calculated using the relation:
where:
| — average hourly radiation intensity [Kcal/m?2h];
A — absorption coefficient of solar radiation (A ~ 0.90);
Sc — the capture surface (Sc =1.5 m?).

From Figures 6 and 7 it can be seen that the presented values are relatively close, the solar collector
version A being, however, in the highest areas of the diagrams.
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Fig. 4 - Variation of the temperature of the panels for tilting in the vertical plane at 30° from the horizontal plane

To— environmental temperature; T1 - panel 1 temperature; T2- panel 2 temperature; Tz- panel 3 temperature;
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Fig. 5 - Variation of the air flows for tilting in the vertical plane at 30° from the horizontal plane
L1 —air flow to the panel 1; L2 — air flow to the panel 2; Ls — air flow to the panel 3; L4 — air flow to the panel 4
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Q1 — heat accumulated on panel no. 1; Q2 — heat accumulated on panel no. 2;
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Fig. 6 - Variation of the accumulated heat on the panels for tilting in the vertical plane at 30° from the horizontal plane
Q1 - heat accumulated on panel no. 1; Q2 — heat accumulated on panel no. 2;
Q3 - heat accumulated on panel no. 3; Q4 — heat accumulated on panel no. 4
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Fig. 7 - Variation of the yield at panels for tilting in the vertical plane at 30° from the horizontal plane
n1—Yyield on panel no. 1; nz - yield on panel no. 2; ns - yield on panel no. 3; ns- yield on panel no. 4

Experiments with tilting the collectors in the vertical plane at 45°

The measurement results for the tilt position of the panels at 45° in the vertical plane and fixed orientation
to the south are presented in the related diagrams. Figure 8 shows the temperature variation for each panel
with measurements taken every 15 minutes between 10 a.m. and 4 p.m. The graph shows that the
temperatures recorded at panel 1 (T1) are the highest. Figure 9 shows the variation of the air flows resulting
from the calculation depending on the speed of the air current measured in the outlet section of the collector.
Figures 10 and 11 show the variation of the heat accumulated by solar collectors during the day between 10
a.m. and 4 p.m., respectively the variation of the yields of the solar collectors resulting from the calculation.
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It can be seen that the values of heat accumulated on the collectors inclined at 45° have the highest values
for the collector variant "A", as well as the best efficiency.

Table 2 shows the results of the calculations performed for the temperature differences, the air flows,
the accumulated heat, the total heat received from the sun and the average daily yields of the solar collectors.
The values presented in the Table were processed in EXCEL with the help of relations (1-4). From the
diagrams presented in Figures 10 and 11, it can also be seen that the collector variant "A" presents the highest
values both for the accumulated heat and for the yield.
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L1 — air flow to the panel no. 1; L2 — air flow to the panel no. 2; Lz — air flow to the panel no. 3;
L4 — air flow to the panel no. 4

639



v1'8E | T9Er | 8L'€V | L0'9Y |[[%] plolA abeiany
88'0v | 96 T¥ | 90°'TS | ¥L'TIS G085 ogy TE'/€2 | 6G°€YZ | 82962 | L£00€ | v0'S6 | ¥0'G6 2L°06 | 2,06 | OL2z | og€e | OL62 0T'0€ 00'9T
ISvy | €S5S | 2825 | S9YS 62’185 gey 9e'T9Z | ¥Z'0Z€ | 0S0TE | S6°02€ | v0'S6 9e'66 | ¥0'S6 | ¥0'S6 | 00'SC | 0£'6Z | 0L°62 04°0€ GL'ST
90'Sy | 1985 | G265 | 20'LS 765 (047 €9'/97 | 99°L¥E | €6'TGE | 2L'8EE | V0'S6 9£°'66 966 | ¥0'S6 | 09'SZz | 08'TE | 0ZCE ov'ze 0S'ST
Zely | Sv09 | ¥9'€9 | TS'8S G209 oSt 0S'/82 | €2°L9€ | 2998 | S¥'SSE | ¥0'S6 9e'66 | 89°€0T | ¥0'S6 | 0§22 | 09°€E | 06°€€E 00'vE GZ'ST
G6'9v | 68T9 | 0929 | 2019 SZ'TY9 aly 60'TOE | 68'96E | SY'IOF | 8Z'T6E | v0'S6 | 89°€0T | 89'E0T | 9566 | 08'8Z | 08'vE | 0Z'SE 08'S€E 00°'ST
09'Zv | 0£29 | TOE9 | ¥6'8S G/9 005 €€'T2ZE | G502V | 0EGey | ¥8'L6E | 9£'66 80T 80T 9e'66 | OF'6Z | OF'SE | 08'GE ov'9g SLYT
or'ov | LLT9 | Sv29 | 709 z0L 025 0L'GZE | 29'€ey | LE8Ey | 92y | 9€°66 80T 80T | 89°€0T | 08'6Z | 0S'9E | 06'9€ 0Z'L€ 05T
9’9y | ¥6'SS | 90'SS | L6'GS 95/, 095 LZ'TSE | €6'22V | 829Ty | 2T'€ey | 89°€0T 80T 89°€0T | 89'€0T | 0805 | 09'SE | 0S'9€ oT'L€ ST
26y | 26 TS | 96'TS | 252 078 009 T8'€9¢ | 65°02v | ¥802y | Ov'Sey | 89°€0T 80T 89°€0T | 89'€0T | 06'TE | OF'SE | 06'9€ 0g'L€ 0071
oTey | TT'Lv | vL28F | €20 G'./8 059 L¥'69E | TVETY | 892y | SLOWY 80T 80T 80T 80T OT'TE | 08'¥E | 00°9€ (R GLET
860V | 8vov | 25y | 880G 798 or9 Z0vSe | YSTOV | LSOTY | 99°6EV 80T 80T 89°€0T | 80T 08'6Z | 08'€E | 00°9€ 00°'.€ 0S€T
IS0V | €697 | 898y | 296V G058 0€9 ZSvve | LT'66E | 66TV | 86TCh 80T 80T 89°€0T | 89'€0T | 0062 | 09°€E | 0£'9€ 00°'L€ GZeT
Zz'8e | 90y | iy | vE6Y GL'EV8 629 L¥'Zze | 08'TLE | TEOOF | 829Tv | 2€2TT | 89°€0T | 89'€0T | 89°€0T | 0OT'9Z | 09Z€ | OT'SE 05'9€ 00°€T
T2°8€ | 8.8 | L0V | eV G'ee8 019 9,°8T€ | €€'6TE | Ov'OvE | S6'¥9E€ | 2ECTT | 89'€OT | 9€'66 | 89'€0T | 08'GZ | 008 | 0L7TE 00°2E GLeT
10°0€ | 0T'2€ | ¥vIE | TTve 018 009 YS'EVZ | €009 | 99VSC | VT LLZ 80T 89°€0T | 9€°66 | 89°€0T | 050z | 082Z | 0O€€e 0£'vZ 0S¢t
v8'6Z | 98'82 | €962 | 60°EE ALYV /S 99'T€Z | 90'v2Z | 082 68'9G2 80T 9¢'66 | ¥Y0'S6 | 9€66 | 0S6T | 050Z | 002zZ 05'€Z STAA
16'2Z | 9062 | 6v'82 | £2IE 95/ 095 or'TTZ | 89'6TZ | 98°GTZ | 80°9¢z 80T 9¢'66 | ¥0'S6 | 9€66 | 08°LT | 0T'0Z | 09°0Z 0912 002t
€T'9Z | ¥8'9Z | 1092 | ¥5'62 62. ors 9v'06T | ¥9'S6T | 0968T | TE'STZ | 89'EOT | 9£'66 2,06 | 9€°66 | 0L°9T | 06'ZT | 00'6T 0.'6T GLTT
95'2€ | ST'Se | 6672 | 2TLE G'ESS 0Ty 0Z'08T | SGV6T | 2928T | 87'SOZ | 89'€0T | 9€'66 2,06 | 9€°66 | 08'ST | 08'ZT | 0€'8T 08’81 0S'TT
9e'/€ | 6€'8 | 9T'€E | 8TV SZT6LY ase 90'6.T | ¥8T | T6'6ST | €861 | 89'€0T | ¥0'G6 8028 | 9766 | 0L'ST | 09°ZT | 09°LT 0T'8T G211
98'6E | 89°6E | 8LYVE | 6SYY G1'8EY aze 69'2.T | ¥9'€LT | 652ST | ¥9°S6T | 9£'66 2,06 8028 | 9766 | 08'ST | OvZT | 0691 06'L1 00'TT
0T'Zy | 68Ty | 8L9¢ | €2l sov 00g 0S°0.T | S9°'69T | 86'9FT | LZ'T6T | 9£°66 2,06 8028 | 966 | 09'ST | 00LT | 0G9T 0521 60T
1922 | 2862 | €882 | TLVE G'T6E 062 €588 | 92°9TT | 982IT | T6'SET | 9266 2106 8028 | ¥0'S6 | 0OT8 | OLTIT | 0S2T 00°€T 05'0T
€T'ez | 1€ | LT | €892 8.¢ 08z LEV'18 | LEV'I8 | 29T'28 | Tv'I0T | 9£'66 98 80'¢8 | ¥0'S6 | 008 0Z'6 0T'6 0L°6 G201
G662z | Lv'se | €5€ | 18'SC Gv9€ 0.2 GE9'E8 | 985°S8 | v/.'S8 | 60V6 | ¥0'S6 v'98 8028 | v0's6 | 008 00'6 0S'6 00'6 00°0T
v [oued | € jpued | g [Bued | T [oued - - yloued | €oued | gloued | TRued | v joued | gloued | g [eued | T [jeued | ¥ jdued | € joued | ZiBued | T [pued

[96] e, Sisorn [ureo] (U] [o] (iwotwonnue — v ) inoH

SPIBIA Hm.m_._ uoljelpel Jeay pale|nwnody SMO|} I saoualaip ainjeladwa]
abrelany

ZalqeL

buliaauibug [0in3N31ibY - HI1VINNI

¥20C /T 'ON 2L "IN

640



Vol. 72, No. 1 / 2024

INMATEH - Agricultural Engineering

470

440 +

410 |

380 |

350 |

320 |

290 |

260 |

230 |

/)1: :

200 +

170 +

140

/s

10.00

Fig. 10 - Variation of the accumulated heat for tilting in the vertical plane at 45° from the horizontal plane
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CONCLUSIONS

The experiments highlighted the fact that in the months of May - June in the Bucharest-lifov area, the
angle of inclination of the solar collectors in the vertical plane is recommended to be 45°, at which the highest
values for conversion yields of for solar energy into thermal energy were obtained.

As a result of the experiments carried out, it was found that of the four variants initially tested, variant

A was the most efficient in terms of the heat transfer achieved, which recommends expanding the use of the
installation in small and medium-sized farms for dehydrating vegetables and fruits, drying cereals and herbal
medicine.
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