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~ Heat transfer coefficient : 20.03W/m” - K .
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Comprehensive
Performance
Characterization of a
Nanofluid - Powered
Dual-Fluid PV/T System
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State Conditions

Sustainability

Muhammad
Imtiaz Hussain
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Effects of Nanofluids in
Improving the Efficiency of
the Conical
Concentrator System
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S.A,

SCIE

2022.10.10

2296-598X

Effects of the Glass
Cover Absorber for
Conical Solar
Concentrator on the
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Abstract This paper discusses the effectiveness of simultancous use of Cu0 nanofluid and airas a
dual-fluid coolant for the thermal management of a photovaoltaic/ thermal (PV /T) system. Outdoor
experimental studies were performed to calculate the discrepancies between indoor and outdoor
test finding= The thermal efficiency and the electrical characteristics of the dual-fluid PV /T system
were investigated under steady-state test conditions following IS0 standards, It was found that the
divergence in electrical efficiency between indoor and cutdoor-based PVT testing was significantly
‘higher, while the difference in thermal efficiencies was marginal It was observed that nanofluid / air,
even at the lowest flow rates, outclassed the water/air coolant at higher flow rates in terms of
PV/T energy cutput, which also ultimately helps in reducing the energy requirement for pumping.
Unlike conventional solar air heaters, the proposed dual-fluid PV/T sy stem produces a high air
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temperature w hen operated with only air at stagnant nanofluid. ‘The maximum PV/T efficency
of approximately 85% was recorded when the nanofluid and air flows wiere kept at 0.02 kg/s and
0.04 kg/ s, mspectively. It is concluded that outdoor steady state testing provides comprehensive
performance characterization of the nanofluid powered duak-fluid coolant for the PV /T system.

Keywords: nanoftuid-pow ered dual-fluid; PV /T system; indoor and outdoor testing; comparative study

L Introduction

Solar energy has proven to be an attractive renewable enengy source m the context
of meeting global sustainability goals and reducing greenhouse gas emissions. It is the
maost mature technology compared to other renewable technologies when considering
both heat and electricity. Solar power has potential to supply nearly 55% of global energy
demand. Over the last decade, photov oltaic (PV) echnology has become the most popu]ar
renewable. The only major concern is its dependency on temperature, as a 1 “C increment
in temperature causes a reduction in efficiency of 0.5% [1]. This overheating problem can
be overcome by integrating a heat exchanger with the 'V module. This approach has led
to the development of photovoltaic/ thermal (PV/T) technology. The primary purpose of a
PV/T system is to generate electricity by controlling the PV temperature, and the secondary
purpose is to produce heat Due to simultaneous production of heat and electriaty, the
PV /T system offers significantly enhanced energy efficiency compared to conventional
solar collectors.

For high-performance energy efficiency of the PV/T system, the heat transfer fluids
play an extremely important roke. Conventional coolants such as water and air limit
the PV/T systems to the low temperature applications. To cope with this problem, the
introduchion of nanofluids for the solar thermal applications opened up new horizons

Swst@mability 2021, 13, 13134 https/ [ doiorg/ 103390 /52132313134

https/ Swww.mdpicom/ jourtal/ sustainabality

_83_



SustwrabBiy 2021, 13, 13134

18 0f 20

5. Conclusions

In order to evaluate the potential benefits of CuO nanofluid and air as a dual-fluid
coolant for the PV/ T system, an outdoor steady state esting method was adapted. The
measure of discrepancies between the outdoor and indoor test results were calculated by
comparing the identical dual-fluid PV/ T systems under similar operational conditions.
Different modes of fluid operations wene investigated including, nanofluid /air. water /air,
nanofluid, water, and air. Compared to conventional fluids such as water/ air or either one,
the nanofluid /air showed a significant improvement in the thermal performance of the
PV/T system. The maximum primary energy savings efficiency of the PV/ T system using
nanofluid /air and water/air was 91.6% and 85.4%, respectively. During simultaneous
mode of fluid operation, even at the Jowest flow rates of 0.008 kg/s for nanofluid and
0.01 kg /s for the air, the overall efficiency of the PV /T system was almost twice higher than
that of an air-based only PV/T system. The electrical efficdiency from the outdoor based
PV /T testing was almost four times higher than that of indoor based testing. Discrepan-
cies in the electrical efficency calculated with indoor and outdoor-based testing would
be helpful to the researchers for estimating the exact performance of the PV /T system.
Furthermore, for a dual-fluid PV /T system, when only air is utilized at stagnant nanofluid
or water, the trapped liquid-fluid in the copper tubes nanofluid in particular acts as a heat
booster, and starts supplementing additional heat to the circulating air, which ultimately
results in high air temperature, unlike the case of a conventional solar air heater. High
accuracy heating/ cooling units to control both the temperatures of both fluids, an elec-
tromagnetic flow meter for predise flow control, and triple-calibrated instruments would
guarantee the authenticity of the results. The nanofluid powered dual-fluid PV/ T system
has energy advantages, and could be a valuable solution for buildings having a high ratio
ofenergy demand to limited surface arca.

Author Contributions: Conceptualization, M.LH.; methodology, MLLH.; formal analysis, M.LH.:
investigation, MLH.; resources, |.-TK ; data curation, M.LHL; writing—original draft preparation,
M.LH.; writing—review and editing, |- TK and G-HL; visualization, |.-TK. and G.-H.L; supervi-
sion, |- TK; project administration, |- TK.; funding acquisition, |- TK. All authors have mead and
agreed to the published version of the manuscript.
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in the decision to publish the results.

Nomenclature

m mass flow rate (kg/s)

o specific heat of the fluid (J/ kg °C)
fa specific heat of air (J/kg °C)

n specific heat of nanofluid (J/ kg "C)
T fluid inlet temperature (°C)

Tous fluid outlet temperature ("C)

Tui air inlet terperature (*C)

Tia air outlet emperature (°C)

i nanofluid inket emperatume ("C)
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Abstract Fossil fuels are being depleted, resulting in increasing environmental pollution due to
greenhouse gases and, consequently, emerging detrimental env ironmental problems. Therefore,
renewable energy is becoming more important; hence, significant research is in progress to increase
efficient uses of solar energy. In this paper, the thermal performance of a conical coneentrating system
with different heat transfer fluids at varied fiow rates was studied. The conical-shaped concentrator
reflects the Incoming solar radiation onto the absorber surface, which is located at the focal axis,
where the collected heat is transported through heating mediums or heat transfer fluids. Distilled
water and nanofluids (A0, CuQ) were used in this study as the heat transfer fluids and weme
circulated through the absorber and the heat storage tank in a closed loop by a pump to absorb
the solar radiation. The efficiency of the conical concentrating sy stem was measured during solar
noon hours under a clear sky. The collector effidency was analyzed at different flow rates of 2, 4
and & L/min. The thermal efficiency, calculated using different heat transfer fluids, were 72.5% for
Al (O, 65% for Cul), and 62.8% for distilled water. Comparing the thermal efficency at different flow
rates, A4 at 6 L/ min, CuQ at 6 L./ min, and distilled water at 4 L/ min showed high efficiencies;
these results indicate that the AlyOy nanofluid is the better choice for use as a heating medium for
practical applications.

Keywords: nanofluid; conical concentrator system; performance comparison; thermal efficiency

1. Introduction

Recent progressive development of modern technology continues to increase human
energy demand. Referring to the energy consumption for domestic use, the proportion
of fossil fuels used, such as oil (44%), coal (29%), natural gas (14%), and nuclear power
(11%), being very high, and the contribution of new and renewable energies at only 2% [1].
Accordingly, serious environmental pollution problems are emerging; thus, the need for
research and deve nt of new and renewable energy is increasing, keading to increasing
investment in this sector worldwide. Moreover, the Korean government has established
facilitators for renewable energy and clean technologies, such as the Renewable Energy
3020 Plan [2], the power generation gap support system (Feed-in Tariff—FIT), and the
renewable energy portfolio standard (RPS); these are indeed strengthening supports for
development and distribution projects.

Among the new and renewable energies, solar energy is considered as a useful energy
source inour daily life as it has noenvironmental pollution and is available in abundance (3],
Available solar energy utilization technologies convert sunlight to direct electricity and
heat In particular, solar heat can be used in various fields and has excellent economic
benefits [4,5]. However, due to low energy density, it is difficult to use solar energy

Energies 2022, 15, 28 Mips:/ /doicng/ 103390/ en] 5010028
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4. Conclusions

In this study, we analyzed the thermal efficiency of a conical solar collector using
nanofluids and conventional fluids. Considering different heat transfer fluids at van-
able flow rates, the heat collection efficiency for the Al Oy nanofluid at flow rates of 2, 4,
and 6 L/min were found to be 65.6%, 67.8%, and 72.5%, respectively; whereas, the CuO
nanofluid and the distilled water showed low erefficencies under similar applied conditions.

Compared with the distilled water, the higher efficiency in the cases of the ALO5 and
CuO nanofluids can be explained by their superior thermo—physical properties, which help
to extract the extra heat accumulated at the absorber surface. Furthermore, distilled water
showed marginal changes in efficiency at all the flow rates from 4 to 6 L./ min; therefore,
it is clear that the distilled water had the lowest thermal conductivity compared with the
nanofluids. Moreover, it was deduced that all the heat accumulated in the absorber was
not well recovered by the distilled water, even at high flow rate.

This study was focused on the utilization of nanofluids, especially Al,Os and CuO,
as heat mediums for efficent utilization of solar energy in conical solar collector systems,
Nanofluids have shown better results as heat mediums as compared with distilled water.
In addition, the Al;O nanofluid was found to be more efficient than CuO dwe to compara-
tively higher thermal conductivity. On the basis of the obtained results, the study proposes
the practical viability of the nanofluids {especially Al O,) as efficient heat mediums to
make maximum use of solar energy as a renewable energy source.

Through this study, it was found that the heat collection efficiency of the conical solar
collector was improved using nanofluids as potential heat mediums. However, as the
nanofluids circulate continuously through the solar collector, the initial state of dispersion
stability is not maintained, and aggregation occurs over time; this may adversely affect
the solar collector’s performance. Therefore, it is conside red necessary to study dispersion
stability while dirculating nanofluids in the conical concentrating system.

Although nanofluids have higher thermal conductivity than distilled water and their
efficiency is high, their heat loss is also high, and it is necessary to study heat loss prevention
to improve efficiency.

To increase the absorption rate of available sunlight, painting with Vantablack is
recommended, because Vantablack paint is capable of absorbing up to 99.963% of light
and might be considered a potential solution. In addition, the addition of a copper coil
inside the absorber tube could also help to enlarge the surface anca of the absorber, hence
maximizing the utilization of the solar energy.

Author Contributions: Conceptualization, A H.AM.; methodology, A.HAM.; formal analysis,
AHAM,; investigation, A HLAM.; resources, G.-HL.; data curation, AHAM. and M.LH.; writing—
original draft preparation, A HA M. and M.LHL; writing—meview and editing M.LH. and G-H.L;
visualization, M.LH. and G.-H.L.; supervision, G-H.L.; project administration, G.-H.L.; funding
acquisition, G.-H.L. All authors have mad and agreed to the published version of the manuscript.
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Abstract Pollution and the increase in greenhouse gas (GHG) emissions have long been linked to
the world's increasing need for fossil fuels to generate energy. Every day, the energy consumption
is increasing; themefore, it is important to improve technologies that use renewable energy sounes.
With the abundant availability of sustainable energy, solar power is becoming a necessity, However,
solar energy has a low energy density and therefore requires a large installation area, which requines
heat collection and heat storage technology. Much research is now being done on the conical solar
systems to improve efficiency including calculating an optimal cone angle, finding the best flow
ratio and the best absorber design, etc. Therefore, in this study, thermal performance of a conical
solar collector ((SC) was assessed with a new design of concentric tube absorber {addition of a coil)
and compared to the existing circular tube absorber. It was found that 6 L/min flow rate of heating
medium (distilled water and CuO nanofluid) gave lower payback period and higher solar fraction of
the sysem in both cases of absorber tube, ie., without il and with coil. However, comparatively,
thermal efficiency of CSC with coil-based absorber was almost 10-12% higher than conventional
system {without coil) regardless of type of heating medium used.

Keywords: collecting efficiency; conical solar concentrator; performance analysis; solar energy

L Introduction

The need for renew able energy is increasing due to increasing industrialization and
the over use of fossil fuels, both of which have negative consequences for global climate
change. Solar energy is one of the cleanest, most plentiful, and environmentally friendly
renewable energy sources. Solar water heaters of various configurations and designs
have been utilized for diverse purposes to extract the thermal energy from incoming solar
radiation [1]. Recent progressive development of modemn technology continues to increase
human energy needs. Energy consumption and demand has been increasing worldwide,
and researchers are involved in meeting future energy needs [2,5]. The current and expected
energy sources are not sustainable such as nuclear power (3%), natural gas (22%), coal/ peat
(27%), and oil (32%) [1].

The consumption of oil, natural gas, coal and nuclear energy 1s very high compared to
renewable energy, which ultimately leads to pollution problems such as acid rains, azone
layer depletion, and global climate change [4,5].

Renewable energy is a source of sustainable power generation and can potentially
minimize pollution problems, The use of renewable energy has increased in recent years,

Enmergies 2022 15, 3069, httpac/ /dodorg/ 12090 /en 15083369
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a lower payback period and higher solar fraction than the absorber tube without coil at
optimum flow rate of 6 L per minute. The contribution of solar absorber to reduce heating
expenses in both of its cases (with and without coil) is obvious. Therefore, economically, it
is good to use for space heating espedially in areas, having poor grid connectivity.

Author Contributions: Conceptualization, HA M A; methodology, HAMA; formal analysis,
HAMA and M_LH; investigation, HLAMA. and M.LH; resounces, G HLL.; data curation, HAMA,
and M.LH.; writing—original draft preparation, HAMA. and M LI, writing—review and editing,
M.LH, WA, and A A ; visualization, M.LH. and G H.L.; supervision, G.H.L.; project administration,
G.H.L; funding acquisition, GH.L. All authors have read and agreed to the published version of
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r,, the thermal conductivity of the nanofluid (W/m-K)
kyp thermal conductivities of the nanoparticles (W /m-K)
kg thermal conductivities of base fluid (W/m-K)

Q  useful energy (W)

m  mass flow rate (kg/s)

Cp  specific heat (1/kg"C)

T;  the outiet emperature of the thermal fiuid (°C)

T;  the inlet temperature of the thermal fluid ("C)

Ta  ambient emperature ("C)

Ul thermal efficiency

! Beam radiation (W/m?)

A colkector area (m?)

h convective heat transfer coefficent M."(mzl:)'l

T Temperature difference between the absorber and ambient air ("C)

References

1
2

3.

WBA. Global Biomergy Statistics 2019; World Bicenergy Association: Stockholm, Sweden, 2019.
Hasamuzzaman, M.; Rahim, NA_; Saidug R ; Kazi, SN. Energy savings and emissions reductions for mwinding and replacement
of the industrial motor Energy 2011, 36, 233-240. [CrossBef]

Hasamuzzaman, M.; Rahim, N.A.; Hosenuzzaman, M.; Saidur, R; Mahbubul, LM.; Rashid, M.M. Energy savings in the
combustion-based process heating in the industrial sector. Renew. Sustain. Energy Ree 2012 16, 45274536, [Cross Ref]

Dincer, L; Rosen, MA. A woridwide perspective on energy, environment, and sustainable development. Int. | Enargy Res. 1998,
22,1305-1321, [CrossRef]

Colombe, U, Development and the global environment In The Energy—Encironm ott Connection; Hollander, LM, Ed.; Island Press:
Washington, DC, USA, 1992; pp. 3-14.

Phuangpompitak, N.; Kumar, S PV. Hybrid systems for rural electrification in Thailand. Renew. Sustam. Energy Rev. 2007,
11, 1530-1543, [CrossRef]

Stryi-Hipp, G.; Weiss, W.; Mugnier, 1); Dias, P. Strateyic Research Priorities for Solar Thermal Technology; Furopean Technology
Platform on Renewable Heating and Cooling: Brussels, Belgium, 2012

Zambolin, E; Del Col, D. Experimental analysis of the thermal performance of flat plate and evacuated tube solar collectors in
stationary standard and daily conditions. Sof. Energy 2010, 84, 1382-1396 [CrossHef]

Zhai, H.; Dai, Y.; Wy, |.; Wang, R.; Zhang, | Experimental investigation and analysis on a concentrating solar collector using
linear Fresnel lens Energy Convers. Mimag. 2010, 51, 4855, [CrossHed)

_88_



<2o| MEEEX 4>

- materials

ey

Artide

Analysis of Particle Size and Concentration in Die Sinking
Electric Discharge Machining

Ata ur Rehman !, Waseem Arif >, Muhammad Imtiaz Hussain **0), Sajjad Miran 200,
Salman Hussain 'and Gwi Hyun Lee 5+

check for
updates

Citation: Rehman, A Aot W;
Hussmn, M1 Miran, S; Hussain, S
lee, GH Analys of Partck Soe
Materinle J02, 15, 4552 himpar//
doi oo/ 101990/ mal 5144912
Academic Editors: fingwei Zhao and
hengy fiang

Received: 9 June 2022

Accepted: 11 July 2002

Published: 18 fuly 222

Publisher's Note: MDP! sarvs neutral
with regard to jurisdictional claims in

condisions of $he Ceatne Commaons
Attribamion (OF BY) boonee {higpac//
e ative commons oty loonses by /
/)

V' Department of Industrial Engineering, University of Engineering & Technology Taxila, Tavils 47050, Pakistan;
atarehoanS¥8gmail com (Au R, salman hussainBuettacilaedu pk (SH)

' Department of Mechanical Engineering, Universaty of Guprat, Gagrat 50700, Pakistan;
wiaseenLanfBuopg edu.pk (WA ) ssjad nuran@uog edupk (SM.)

* Agricultum and Life Scences Research Institute, Kangwon National University, Chuncheon 24341, Korea;

imtiar@kangw ot ac ke
4 Green Enengy Bechnology Reseanch Centes, Konggu National University, Cheonan 31080, Konea

¥ Interdisciplinary Program in Smart A griculture, Kangwon National Univ ersity. Chuncheon 2431, Korea
¢ Cormspondence: ghleelilangwon ac ke

Abstract Flectric discharge machining with a powder mix dielectric is a promising technique to
harden a work piece’s surface using electricity with a high energy density. The quality of the electrical
discharge-machined surface is elated to its surface integrity in which the surfaces roughness, residual
stresses, micro hardness and surface micro cracks are some of the major factors. In this research,
graphite powder was mixed in a dielectric with a particle size of 20 pm, 30 pm, and 40 um, with
the concentration of the graphite pow der ranging from 2 g/ L to 4 g/ I Moreover, the peak curment
and pulse time on were also coupled with an additive of graphite powder to investigate the effect
on the surface quality, Le., the recast layer thickness, micro hardness and crater depth as well as the
material mmoval rate (MRR) and tool wear rate (TWR). A Box-Behnken design was employed to
design the experiments and the experimental results revealed that the graphite powder size and
concentration coupled with the ¢lectrical parameters (peak current and pulse time on) significantly
influenced the recast layer thickness, micro hardness, crater size, MRR and TWR The crater depth
and micro hardness were maximized at a higher concentration and particle size, while the recast
layer thickness was reduced with a higher gain size.

Keywords: electric discharge machining (EDM); graphite powder; recast layer thickness (RLT); micro
hardness; crater size; Box—Behnken design

1. Introduction

Electric discharge machining (EDM) is one of the fascinating techniques of the non-
conventional machini ss in which material is removed from a work piece through a
series of discharges that take place between the tool and the work part. EDM is generally
used for hard materials which are conductive in nature, for very thin materials which
cannot be machined using conventional machining and in the die industry for complex
geometry creation. EDM is utilized for single tasks or for small batches. Ttm-madmmg
mechanism is based on a thermoelectric process in which materals are eroded from a
workpiece when controlled sparks are generated from a tool (electrode) [1].

Materials with high hardness values of above 30-35 HRC, e.g., quenched parts, cannot
be machined through conventional milling machines; however, materials with high hard-
ness values can be easily machined in EDM processes because the process is independent
of the mechanical properties of the material. Recent trends have shown that micro-EDM
processes are increasingly needed; for example, the production of delicale products of
a small size requires the use of micro-EDM. Micro-EDM can machine micro holes and

Materials 2022, 15, 4932 hitps:/ / dotong/ 10,3390/ ma15144932
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with other input parameters. It was observed from the current study that MRR increases
with increased current settings, pulse duration, graphite particle concentration and with
a small particle size. The maximum MRR was observed at a peak current of 12 A, pulse
time of 45 ps, particle concentration of 4 g/ 1. and particle size of 20 ym. TWR sharply
increased with an increase in the interaction of the current setting, pulse duration and
graphite particle concentration. TWR had an inverse relationship with the particle size.
Similarly, microhardness increased with higher values of pulse ime on, peak current and
powder particle concentration. High hardness (222 8 HV) was observed at 45 us pulse time
on and at a particle size of 20 um. A peak current of 12 A is recommended for optimal
hardness. Two parameters, namely peak current and particle size, are more influential
on RLT as compared to other parameters. The small RLT was observed at a particle size
of 40 um, particle concentration of 2 g/ and peak current of 8 A. RLT of 39.76 pm was
observed ataparﬁcles’u.eufw umuﬂpulwﬁmmufas [Ty 'ihec:ratzrdepmis.a
subset of surface roughness. A similar effect was found for crater depth as that of surface
roughness, which was observed by a varation in the parameters. Crater depth increased
with greater particle size, pulse time on and peak current. Shallow craters wene produced
at 15 ps pulse time on, a particle size of 20 um and peak current of 6 A. However, particle
concentration is much less influential on crater size. The theoretically predicted values
and experimental results of all the response parameters correlated very well and the error
percentage was less than 8%.
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published version of the manuscript.
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In this research study, the design and performance evaluation of grid-tied photovoltaic systems has been carried out through
experimentation, HelioScope amulation, and black-box machine leaming methods for dats-driven artificial mrelligence system
performance asessment and validation The proposed systems are based on 15kWp of monoperk and polyperk, which are
separately Ingalled in the industrial secior of Faisalabad, Paldaan. The experiments evauation of the ingalled PV modules
was performed from November 2020 1o Aogust 2021. The performance of the PV modules was evaluated by determining the
annual average dally final yidd (If), performance ratio (PR), and capacity factor (CF). The study showed that the annual
average of dally final yield, performance ratio, and capadty factor for 15kW polyperk was estimated 1o be 61,94 kWh, 84.17%,
and 19.12, megpectively. The annual average of daily final yield, pedformance ratio, and capacity factor for 15kW monoperk
was edimated 1o be 5832 kWh, 81.42%, and 1813, respectively. A comparison of finad vidd is obtained from simulation and
real-time systems obtained from polyperk PV and monoperk. A significant mean error exigs between the experimentation and
simulition resalts which lie within the mnge of 1250 to 470 kWh and 1600 to 1950kWh, respectively. Substantial differences
between both aforementioned results were initially tested and highlighted by statistical values Le, the standard error lies
in-between 5 and 45% in polypedk arystalline and 5 and 25% in monoacrystalline PV grid<onnected module Machine
learning logistical regression evalusted that monoperk crydalline grid-connected system, experimental work was found 1o
be more rellable with error diference reducs in off-peak months & companed to corresponding dmulation study and vice
versa for polyperk crystalline grid<onnected system. Model accuracy after training and testing produced resulied up to
99.5% accuracy for ether gnd<onneced experimentation or simulation outoomes with validation.

1. Introduction

In any country, energy is one of the key factors for the
smooth and faster upgradation of the socioeconomic activi-
ties, and it has became a universal fact now. Onc of the major
drivers of economic growth is energy as identified by the
government of Pakistan. Therefore, Pakistan requires ade-

quate supplies of energy for the generation of healthy eco-
nomic activities. The country currently is passing through
the worst energy crisis in over 70 years. The enagy aisis
has led to the hindrance of sociceconomic progress below
the level of critical sustainability and tolerance of the people.
Pakistan has a land arca of 881913 km® consisting of a pop-
ulation of 21 L117 million [1]. In 2019, Pakistan’s dectricity
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evaluation results are likely the same and coherent In the
case of polyperk crystalline grid-connected studies, a greater
signifimnae and accuracy lies within the simulaton and
experimental studies, and the likelihood of probability is
signifiant as seen in Tables 6 and 7. Model accuracy after
training and testing produces results of up to 99.5%. Simula-
tion results are kkely most favorable in predicting the perfor-
mance cvaluation of madmum yield in grid-connected
syam During off-peak (ie. winter season), the error

ingeases due to various factors such as mod-
ule angle, line losses, cdl dimension, and temperature
imvariahility.

5. Conclusions

In this research, 2 comparative study was conducted for two
solar systems of 15kW. The systems primarily induded
monoperk and polyperk crystalline From the study, it was
monoperk, while during summers, polyperk displayed
enhanced cfficiency. In Faisalabad, polyperk has proven to
be efficient considering the rates of temperature
whereas monoperk, consequently, reduced the efficiency of
the solar system. The annual average of daily final yield, per-
formance ratio, and capadty factor for 15kW polyperk was
estimated to be 61.94 kWh, 84.17%, and 19.12, respectivdy.
The annual average of daily final yield, performance ratio,
and apacity factor for 15kW monoperk was estimated to
be 58.32kWh, 81.42%, and 18.13, respectively. The efficiency
can also be attributed to the quality of the system. For ecam-
ple, good quality inverter requires quality plates for
enhanced effidency. Additionally, the production of a 430-
watt pand was noted as 400 watts, Furthermore, according
to the applied machine kamning module, a significant differ-
ence was observed in the considered PV module types (ie.,
mono- and polyperk). A machine leaming modeling study
using logistical regression was applied to determine the
greater significance of experimentation results in monoperk
crystalline with an acawracy of 99.5%, whike the results in
polyperk using simulation studics are more accurate and
recommended in the evaluation of PV-connected grid.
Depending upon observed parameters and frequency period,
the model ducidated a better understanding of the per-
formead real-time analysis leading to both cost and time
saving for the instalation of simiar projects in the region.
Furthermore, better performance @n be achieved from
installad systems if factors such as dust, tilt angle, and
shadow effiects are considered before the installation of PV
Systermns.

Data Availability

Data will be available on request For datarelated queries,
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Investigation of dust pollutants
and the impact of suspended
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performance of photovoltaic
systems
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The purpose of this study is to investigate the potential of airborne particulate
matter (PM10 and PM2.5) and itsimpact on the performance of the photovoltaic
{PV) system installed in the Sargodha region, being atfected by the crushing
activities in the hills, More than 100 stone crushers are operating in this region.
Four stations within this region are selected for taking samples during the
summer and winter seasons. Glass-fiber papers are used as a colecton
medium for particulate matter (PM) in a high-volume sampier. The
corcentration of PM is found above the permissible limit at all selected sites.
The chemical composition. concentration, and the formation of parbculate
matter (PM10 and PM25) layers on the surface of the photovoltaic module
varies significantly depending on the site’s location and time. The accumuilation
of PM layers on the PV module surface is one of the operating environmental
factors that cause significant reduction in PV system pedormance
Consequently. it leads to power loss, reduction of service life, and increase
in module temperature. For the PV system's peformance analysis two PV
systems are installed at the site, having higher PM concentration. One system is
cleaned regularly, while the other remains dusty. The data of bath PV systems
are measured and compared for 4 months (2 months for the summer season
and 2 months for the winter season). it s found that when the level of
suspended particulate matter [PM10 and PM25) increases, the energy

Abbreviations: PV, photovoitec; W, watt «W, diowant: KWh, siowas hour MW, megewan hour A,
ampere: V, woit, SLD), urgle-ine dogram, PR, perormance ratio; AL sermting curer; DC deect
curert: MPPT, maxsrium power pant tacking: NOCT, nominal operateg ool tormpesiture: GHL
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rormal wadance: Ta ambert lomperatise: Tm PY module temperature: Wa, wend speed ot propesed
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system is 745185, 743091, 689206, and 689206 W, and the
average power produced by the dusty PV system s 68038
68853 61556, and 61556 W May, June, December, and
January, regpectivedy. It was found that when the level of
suspendad pamticulste mamer (PM10 and PM25) increases,
the energy generation of the dusty PV system s meduced by
7.48% in May, 7.342% in June, 10.68% in December, and 8.03%
in January under bad air quality, 439.177 yg/m® and 535.76 pg/
o’ in the summer and winter seasons, respectively, as compared
to the photovaltaic energy generation system that is mgulady
deaned Based on the obtained results it is recomunended that
the negative impact of PM on the performance of the PV system
should be considered carefully during the decision-making
process of setting solar energy genemtion targets in the
reggons with a high level of particdate maner.
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Abstract

Purpose [n this study. a conical solar concentrating system using a glass cover on the absorber is proposed to improve thermal
efficiency and reduce convective heat loss. The purpose of covering the absorber with a glass tube is to restrict the direct
contact of ambient air with the absorber surface. To increase the surface area of the absorber, a copper coil was inserted
between the inner and outer tubes.

Methods Using the aforementioned two configurations, a series of experiments was performed with variable fluid flow
rates and similar climatic conditions. To locate the optimal performance of the conical concentrator system, different Auid
flow rates were tested such as 2 L/min, 4 Lfmin, 6 L/min, and 8 L/min. As a result of the performance test of the conical
concentrator system according 1o the change of ambient air, it showed the highest efficiency at a critical flow rate of 6 LY
min, and the heat collecting efficiency of the conical concentrator with the glass cover absorber was 4.15%p higher than that
of the double coil absorber.

Results The performance test of the conical concentrator according to the difference between the inlet temperature and
the ambient temperature, when (77— Ta)f is 0 at & L/min, the heat collection efliciency of the double coil absorber and the
glass cover absorber was 81.66% and 81.05%. The reason for the low heat collecting efficiency is that the loss from the
transmittance, absorption, and reflectance of sunlight due to the glass cover is greater than the loss of convective heat at a
0'C difference.

Conclusions The difference between the inlet temperature and the ambient air temperature increased, and the overturn
phenomenon occurred. As the temperature difference increased, the heat-collecting efficiency of the conical concentrator
with the glass cover absorber was higher, The highest heat-collecting efficiency of a conical concentrator with a glass cover
absorber can be interpreted as the low heat losses to ambient air due to the presence of a glass cover.

Keywords Conical concentrator - Convective heat loss - Critical flow - Glass cover - Thermal efficiency

Introduction

The energy subject is now perceived as one of the world’s
most required challenges. The depletion of environmental
pollution and non-renewable customary energy resources
{oil, coal, natural gas, ¢1c.) linked with the immense growth

B2 Gwa Hyun Lee
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"

in global energy consumption is leading 1o an unsustainable
situation, i.e., a threatening and unavoidable increase in eco-
system disruptions. In practice, these disruptions are taken
into account in inevitable soil and environmental contamina-
tion, continwed increases in energy costs, armed services con-
flicts linked with fossil energy resources, and so on. On the
other hand, frequent access to energy is still largely restricted
to the so-called industrialized world. In total, 4/5 of the
world's population remains confronted with numerous barri-
ers o accessing it. Renewable enerpy sources have seemed as
an authentic and acceptable alternative to this difficult issue
considering that they are infinite in our timescale, non-pol-
luting, and naturally distributed around the world. Also, solar
energy has seemed 1o be one of the most intriguing renew-
able energy possible scenanos due 1o is large potential and
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Summary and Conclusion

The heat collection efficiency of the double coil absorber and
the glass cover absorber was 81.66% and 81.05%. respectively,
in the performance test of the conical concentrator based on
the difference between the inlet temperature and the ambient
temperature when (71— Ta)/f is 0 at 6 Lfmin_ The low heat
collecting efficiency is due to the fact that the loss from sun-
light transmittance, absorption, and reflectance due to the glass
cover is greater than the loss of convective heat ata 0 °C dif-
ference. As a result of the increasing difference between the
inlet temperature and the ambient air tlemperature, the overtum
phenomenon occurred. The heat collecting efficiency of the
conical concentrator with the glass cover absorber increased
as the temperature difference increased. The lowest heat losses
to ambient air due to the presence of a glass cover can be
interpreted as the highest heat collecting efficiency of a conical
concentrator with a glass cover absorber. Therefore, to mini-
mize the heat loss, the research shall be conducted to improve
heat collection {Argon. Krypton. Xenon} as a filling medium
into the air layer between low iron glass, outer diameter, and
permeate. When supplementing this, it is judged that the heat
loss coefficient of the collector can be reduced.
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i ﬁ;:’:iws 2023 The recent trend of renewable energy has positioned solar cells as an excelient

0 16 November 2023 choice for energy production in today's world However, the performance of
siicon photovoltaic (PV) panels can be influenced by various environmental
factors such as humidity, light, rusting, temperature fluctuations and rain, etc.
This study aims to investigate the potential impact of high voltage power
transmission lines (HVTL) on the performance of solar cells at different
distances from two high voltage levels (220 and 500 KV). In fact HVTLs
generate electromagnetic (EM) waves which may affect the power production
and photocurrent density of solar cells. To analyze this impact, a real-time
experimental setup of PV panel is developed (using both monocrystalline and
polycrystalline solar cells), located in the vicinity of 220 and 500 KV HVTLs. In order
to conduct this study systermatically, the impact ef HVTL on solar panel is being
ek e e measuredlb;a far:.ring the distance between the HVTL and lhez salar panels,
terms of the | ¢ Commans However, it is important to understand that the obtained experimental values
Artributken Lic 0T 61, The use, alone are insufficient for comprehensive verification under various conditions. To
m:;:m”m:ﬂ":m L address this limitation, an Artificial Neural Network (ANN) is employed to generate
autharis} and the copyright ownerisl are HVTL impact curves for PV panels (particularly of voltage and current values)
credited and that the onginal publcatian which are impractical to obtain experimentally. The inclusion of ANN approach
:uﬁﬂ'f;i“wiﬁmﬁt‘“" enhances the understanding of the HVTL impact on solar cell performance across
Etribution of reprodUCtion I permitted a wide range of conditions. Cverall, this work presents the impact study of HVTL
which dhoes not comply with these terms. on two different types of solar cells at different distances from HVTL for two HY

levels {ie., 220 and 500 KV] and the comparison study of HVTL impact on both
monocrystalline and polycrystalline solar cells
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increase in electromagnetic ficld strength. Figure 98 expresses the
impact of 500 KV lines on the extended range of polycrystalline
pancls using an Artificial Neural Network (ANN). The ANN, based
on decp learning, precisely models the entire voltage spectrum and
calculates the impact of HYTL at different distance levels. The
obtained results as visualized through curves, indicate that as the
distance increases between PV panel and HVTL, the output power
increases. On the other hand, when the solar panel moves closer to
the HY lines, the output power decreases. The results trend obtained
through ANN mcthod is like the results as received through
experimental setup. The experimental fndings further indicate
that the HVTL impact on the open circuited voltage and power
of solar panels is greater at the 500 KV level as compared to the
220 KV level. This is attriboted to the presence of a stronger
magnetic  ficld  intensity  surrounding  the  solar module
Additionally, the choice of material also plays a role and
monocrystalline materials are less impacted by HVTL as
compared to polycrystalline materials under both 220 KV and
500 KV valtage levels.

5 Conclusion

Thes comprehensive study contributes to our understanding
of haw HVTLs can influence the performance of solar cells,
providing valuable information for the development and
mmplementation of solar energy systems in the presence of
high voltage power transmission lines. The solar energy has
become a popular candidate in the recent world due to its
outstanding advantages. However, it has been ohserved that
solar produoction performance may get impacted with various
environmental factors and thus there is utmost need to explore
the possible effect of these factors. This research work focuses on
investigating the impact of high voltage power transmission
limes (HYTL) on solar cells, specifically at two voltage levels:
220 and 500 KV. Additionally, it also presents a comparative
analysis of the HVTL impact on both monocrystalline and
polycrystalline solar cells at different distance levels between
HVTL and solar panels. The study aims to understand how the
presence of HVTLs affects the performance of solar cells,
considering  factors power production
photocurrent density, To achieve this, an experimental setup
is  established,
polycrystalline solar cells and is placed in the proximity of
220 and 500 KV HVTLs. The obtained results show that the
electromagnetic fields generated by HVTL reduce the output

such  as and

incorporating both monocrystalline and

power of solar panels and deteriorates their performance. It is
further noticed that the impact of HVTL on solar panels gets
stronger on moving the panels closer to the HVTL duc to
increase in electromagnetic strength of HVTL, Moreover, the
500 KV HVTL impacts more the solar panels as compared to
220 KV HVTL due to stronger EM waves generated by 500 KV,
This study is also evaluated by varying the material of panels and
concludes that the monocrystalline panels are less affecred by
H¥TL in comparison to polycrystalline due to their higher solar
efficiency with reference to polycrystalline panels.
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Decentralized energy generation systems based on renewable sources have
significant potential to assist in the sustainable development of developing
countries. The small-scale integration of hybrid renewable energy systems in
off-gnd communities has not been tharoughly researched, The primary objective
is to develop a preliminary design for a PV/bicgas hybrid system that can meet the
energy needs of an off-grid community center, A survey was conducted to
calculate the energy demands of an off-grid community center and a hybrid
renewable system has been designed to supply the electricity. The optimum
designed systern is evaluated by the PYSYST simulation software and SuperPro
Designer software. The annual production of the PV system is 34428 kWh/year,
specific production is 1118 kWh/kKWp/year, and the performance ratio is B1.72%. All
the factors that contribute to energy loss are considered in designing a PV system.
The average operating efficiency of the inverter is 92 6%, and global inverter losses
are 2752 4 kWh. The biogas simulation findings show an adequate match with the
camposition of conventional biogas and contains 89.64% methane and 599%
carbon dioxide content. Two sensitivity analyses of biogas based on hydraulic
retention time and moisture content have been performed. Measurements
readings of hourly data are used to analyse the periormance of PV, biogas
systemn as well as the hybrid system performance. At day time, the maximum
power generation of the hybnid PV/Biogas and the maximum load demand of the
community at that time are 25.2 kW and 24.31 kW, respectively. At night time, the
maximum power generation of the hybrid system and the maximum load demand
are 9 kW and B.3 kW, respectively. The power factor (PF) of the system fluctuates
between 0,92 and 0.98 and the frequency of the system i constant at 50 HZ,

WEYWORDS

solar photovoltaic, hybrid Energ system, community service, simulation tool, biogas
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Measurements of power generation from hybrid, photovoltaic,
and biogas system, the loads have been recorded for 15days to
investigate and evaluate the performance of the rencwable energy-
based hybrid system. The maximum generated power of a
photovoltaic system is 25.2kW, while the maximum generated
power of a biogas system is 8 kW. In day time, the maximum
power gencration of the hybrid photovoltaic-biogas and the
maximum load demand of the community at that time are 252 kW
and 2431 kW, respectively. At night time, the maximum power
generation of the hybrid system and the maximum load demand are
9 kW and 83 kW, respectively. The photovoltaic system is capable of
supplying the demand for most of the time. When PV produces low
power, the power share from the biogas system is required to meet the
load demand The PF of the system fluctuates between 092 and
0.98 and the frequency of the system is constant at 50 HZ.

The photovoltaic-biogas hybrid power system has an excellent
future because of its operational flexibility in minimizing potential
power shortages, both seasonally and at all times of the day, and
ensuring a more reliable and efficient supply of power for regions
connected to the grid and off-grid. The Sustainable Development
Goals (SDG) and other important worldwide environmental and
socioeconomic  development  initiatives/programs  would both
benefit from increased use of power from renewable sources
because of its efficiency and minimizing of carbon foatprints.
The proposed PV/Biogas hybrid system might also be viewed as
a clean development mechanism if the government provides
appropriate technical assistance and financing. As a new business
opportunity, it will be more attractive to private investors. Finally,
this research should convince decision-makers to use the
implemented methodology in this work to have the optimum
solution for practical rencwable cnergy applications towards
reliable solutions.
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ABSTRACT

Keywords Artificial Intelligence (Al) can be used to model efficient processes. In this paper, Al and CFD are employed to
Impinging jet the wall p of the impinging jet, which has a wide range of industrial and technological ap-
Pressure dsiribytion plications. Firstly, the CFD model is validated with the experi | results for various geometrical and flow rate
:n“:‘&f":""""""“ configurations (H/D= (1,2, 3, 4,5, 10, 20}, where H is nozzle to flat plate distance and D is nozzle diameter, and
* Reynolds Number (Re) ranges {(Re = 15,000, 25,000, 30,000). In explanatory data analysis, Pressure and D are
slightly negatively correlated. Re and D show a nega lation of -0.2 wh & shight f' relation
appears for D vs H/D. Re vs H/D have a positive correlation of 0.2. Various acti lored to
find that tangent hyperbolic performed best model fit under AL ﬂxAmﬂdllNcuniNdworh(ANNi}m
applied to wain the model with minimized least squared error. Finally, the trained model is optimized for the
wall p over the di The pressure ob d from the trained model is 383.83
KPa.,
1. Introduction reglons are identified in a series of experimental studies.

Turbulent impinging jets present an interesting case for investigation
due to their significance in many industries and their ongoing role in the
growth of b kind's physical und ding of turbulence in general.
Turbulent jets have become commonplace in today’s technological so-
ciety in many areas such as propulsion, heat transfer using jet
impingement, combustion, or buoyant plume exiting the exhaust of cars,
factories, and homes. A iderabl of i igation has been
carried out on the behavior of impinging jets, especially concentrated on
flow and heat mmferctwaneris!lcs (1.

The impi sists of different regions. ¥ig. |
shows the mglm-blsul classification of various impinging jet zones
[1-3], Classification starts with region-1 being the free jet portion,
region-1l being the impingement zone, and the region-Ill being the
axisymmetric wall jet portion, Other than these three regions, region-1V
represents the jet's core, and region V represents the ambient pressure
region. The boundary layer is developed in region 11 and then after going
through a transition state the flow enters a turbulence regime. These

The various regions of impinging jets have been studied experi-
mentally including single, two-plane parallel, and submerged jets.
Wolfshtein studied the planer turbulent Impin;in,g Jet experimentally
[4]. Elbanna and Gahin used an experi hod to investigate the
two-plane parallel jets: the measured properties are the mean velocity,
the turbulent intensity, and Reynolds shear stress [5]. Amano and
Brandt studied the characteristics of turbulent submerged axisymmetric
incompressible jets impinging on flat plate (6. Aratijo et al. used Laser
Doppler Anemometry (LDA) to study the flow characteristics of a single
round free jet impinging perpendicularly and obliquely on a large plate
[7]. Kotonsky developed an engineering methodology based on an
empirical database and analytical fluid dynamic models for the predic-
tion of propulsive lift system-induced aerodynamic effects for multiple
lift jet VTOL aircraft operating in the hover made in and out of ground
effect (8),

Hydrodynamic studies of impinging jets were performed to support
validation of turbul dels as well. Deshpande and Vaishnav made
flow structure and surface shear stress measurements on a submerged

* Corresponding author.
E-mail address: ghlee it kangwon ac ke (G.H. Lee).
hitps://dol.org/10.1016/) ae). 2023.12.048
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1110-0168/© 2024 The Author(s). Published by Elsevier BV on behalf of Faculty of E Ak dria U v This is an open access article under the CC
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experimental setup, which is costly and time-consuming for obtaining
the required values, or the time and computational cost incurred in
performing CFD. However, the present model has certain limitations,
such as the number of diameters used for training the ANN, The model
may provide accurate predictions for D= 3 mm and 5 mm; however, for
relatively smaller or larger diameters, considerable variations from the
actual pressure value might arise.
mmnudynpmstheopnmal values of variables that
maximize pi pinging jet system. This finding has
important lmplk:mms Eu- the control of process equipment in auto-
mated systems. Specifically, the control of the variable of choice can be
utilized 1o achieve active pressure variations and perform desired tasks,
An example of such an application is the h

Further Investigation is required to fully explore lhe potential of this

pproach and its applicability to other industrial and technological
contexts.
6. Conclusions
This paper presents a neural network model for multiphase physics,
The model provides simple numerical relationships to predict p
values for various input p binati The ization of

the model allows for the prediction ofpﬂmue values wi:h!n the limits
of the input parameters. This study contributes significantly to the field
by:

1. Providing experi | data for various combinations of ind
dent variables.

2. Validating the CFD model using the k-¢ turbulence model.

3. Correlations of various input parameters on outpul pressure.

4. Investigating the limitations of different activation functions.

5. Impact of activations functions on the model's performance through
the application of ANN.

L

The value of pressure becomes 383.83 KPa with control variables
Re= 3000, D= 4.7 mm, and H/D=1 at x/D = 0.05. The minimum
positive pressure value is 48.08 Pa at x/D = 1.85. This paper presents a
potential control strategy for industrial pressure hinery. The pro-
posed strategy utilizes a combination of model-based control and ma-
chine learning techniques to optimize for the required p e values
and maintain consistent performance. The strategy may involve devel-
oping a dynamic model of the machinery and using it to predict the
optimal input values for maximum pressure output. The model pre-
sented in this study may be then refined using the machinery's actual
values to improve its accuracy and adaptability 1o changing operating
conditions in future studies.
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activation function. The overall result of this combination was a sig-
nificant improvement in the model accuracy of approximately one
percent. This advantage is noteworthy when compared to the actual

the work reported in this paper.
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Power generation from fossil fuels is the biggest challenge in the next half of the
century. Alternative power generation technigues such as solar photovoltaic (PV)
show potential to act as a future fuel with a challenge to efficiently convert the
harvested solar energy into electrical power. This investigation conclusively
focused on setting a 2 160-kW solar PV system capable of working at a higher
efficiency by developing a mechanical structure that optimizes power production
and minimizes energy losses. In addition to that, solar PV system efficiencies at
various tracking positions, performance coefficients during rainy and sunny days,
and system degradation rates have also been investigated. The PVsyst
v6.8 simulation tool was used to obtain the simulated results, which were
compared with the actual experimental results. The parameters considered for
the investigations include ambient temperature, irradiance, solar PV module
surface temperature. solar PV voltage and current, wind velocity, and
atmospheric turbidity, The solar PV system was evaluated based on two
modes, namely, M; (no tracking/fixed type) and M, (manual tracking by
changing the position of the solar PV system every hour). The predictive
results obtained using PVsyst v6.8 concluded that total energy production
from the installed system was 3,242 kWh/yr and 3,984 kWh/yr for M, and M,,
respectively. The performance ratio (PR), obtained from simulation, was 72% and
78% for M; and M;_respectively, which was consistent with the experimental
results, ie, 70% and 72% for My and M;, respectively. Similarly, the power
conversion efficiencies under standard temperature and conditions for both
modes, simulated and experimental. were found to be 16.50% and 12.75%.
respectively. The estimated degradation rate was observed in the range
of -0.6% to -5.0%.

KIYWORDS

photovoltaic, solar tracking system, three-point manual tracking, performance ratio,
standard perature and conditi
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Effectiveness Analysis of the Absorber Type for Comnical Solar
Concentrator Using Nanofluid

Al:alame Haedr Abdalha Mahmood', M. Imtiaz Huscain',
Gwi Hyvun Lee’

'Department of Biosystems Engineering, Kangwon National University, Chuncheon, 24341,
Rarea
IAgTiCLIhIJtE and Life Sciences Research Institute Kangwon National University, Chuncheon,
24341, Korea
JLlrmf.*n:li.»«:ipiimry Program in Smarnt Agriculture, Kangwon National University, Chuncheon,
24341, Korea

Abstract

Recently, the progressive development of modem technology continues to increase human
energy demand, Energy usage is increasing globally, and researchers have enormously fulfilled
future energy demands. The curmrent and expeced energy sources are not sustainable,
Therefore, clean renewable energy is becoming a necessity, As one of the options, many
studies have been conducted on solar energy systems, However, solar energy is low in energy
density and requires a lot of installation area, requiring heat collection and heat storage
technology. By now, many researches have being conducted on the conical solar system 1o
improve the efficency, such as an optimum conical angle, calculation of the best flow rate, an
absorber shape, etc, The changes inside the absorber tube by adding the coil between the
inner and outer tubes are also related to the efficdency improvement of the conical
concentrator system. Therefore, in our current work, thermal efficiencies of the existing circular
ahsarber mbe withowt coil and new drcular absorber mbe with coil installed in the same
conical concentrator system were compared. For effidency analysis, the flow rate is kept
steady at 6L/min, CuO-water nanofluid were used as heaung media. The conical solar
collector (CSC) efficency with the new coil circular absorber was compared with that of the
(CSC) with an existing circular absorber without the coil, As a result, the coil absorber's
thermal efficiency was increased over 10 % in comparison with that of an existing circular
ahsorber tube using the CuO-water nanofluid.
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Conical Solar Collector, Thermal Efficiency, Solar Energy
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Heat Transfer Enhancement in Concentrating Solar Collector with
Wire-mesh Concentric Tube Absorber
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Abstract

This paper utlizes a wire mesh concentric ube absorber for a comcal solar collector (CSC) lor
improving  uniformity of heating and convection heat ransfer coeffident between the absorber
surface and dreulating fluid, Temperture distribution uniformity along the drcumference and axial
distance of the absorber is very imponant 10 minimize the thermal stress and thus, heat loss
ambient air, A coneshaped solar collecor wsually reflects incident solar radiation non-uniformly
onto the entire absorber’s length because of ws diverging shape, Therefore, 10 cope with this
problem. a concentric tube absorber with longitudinal wire meshes in the flow passage is
suggested in this sudy, The thermal performance of the wire mesh absorber is compared with a
reference identical absorber without wire mesh, Different aspeas of heat and fluid flow in the
concentric tube absorber with and withow wire mesh are predictied using ANSYS Fluent software,
For model validation, the expenimental data of the reference comical solar collector are companed
with the results from the proposed model Based on the comparson, an optimized wire mesh
absorber model for the conical solar colleaor is developed and amalyzed in detail under different
operating conditions, Effect of the wire mesh absorber on the system performance was investigated
by considering thermal effidency, comvection heat transfer coeffident, friction factors, Colbum
factors, and pumping power, It is found that by incorporating wire mesh in the flow passage, the
thermal performance of the colleaor enhanced significantly, It has also been observed that the
thernal efficiency of the absorber with wire mesh is increased by 30% compared to that of
reference comcentric tube absorber. Furthermore, heat losses are reduced notably and thus mmprove
the uniformity of the temperature distribution across the absorber length,
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Comical solar collector, Wire mesh concentric tube ahsorber, Numernical analysis, Model validation
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Abstract

The muin purpose of this paper is 0 develop a solar dryer capable of drying various
agricultural products, The solar agricultural products dryer consists of a conical concentrators, heat
storage tank and drver, The inside temperature of the dryver is controlled by the control box,
which consisted controller (FOX-2001, Daesung ENG, KOREA), magnetic switch, eanth leakage
breaker, operation lamp, temperature relay, timer relay and digital temperature compensated crystal
oscillator (DTXCO), Pumpkin and carrots were used as agricultural products, For the performance
evaluation, the time required w reach the set tempersture and the humidity were measured. It
was observed that the inside chamber temperature was kept at the set emperawre for 10 hours,
Experimental results showed that the drying tmes which ke to reach the set drying temperature
of 407, 507, and 60T were 20 minutes, 45 minutes, and 60minutes, and the temperature inside
the dryer was maintained well at the sd temperature for 10 hours, The experimental resulls were
considered to be suimble for drying various crops. For future study, simulations will be used 10
analyze the wemperature distribution inside the dryer and 1w modify the system for a smoother
drying. Economic analysis will also be curried out to demonstrate that the proposed solar
agricultural product dryer is economic energy-saving devices for Farmers,
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The Influence of the Glass Cover Absorber on the Thermal Efﬁeiemy
of a Conical Solar Concentrator

Haeder Abdalha Mahmood Alalame  Gwi Hyun Lee

'Department of Interdisciplinary Program in Smart Agriculure, Kangwon National
University, Chuncheon 24341, Korea

Abstract
A conical solar concentrating system with a glass cover on the absorber is proposed in this

study to improve thermal efficiency and reduce convective heat loss. The purpose of covering the
absorber with a glass wbe is 10 prevent direct contact of the absorber surface with ambient air. A
copper coil was inserted between the inner and outer tubes to increase the surface area of the
absorber, Varnous tests were camied out using the two configurations indicated above under
varyving fluid flow rates and similar environmental conditions, Different fluid fow rates, including 2
L/min, 4 L/min, 6 L/min, and 8 L/min were evaluated o determine the conical concentrator
system's optimum performance. The conical concentrator system tested for performance according
1o changes in ambient air showed the highest effidency at 2 critical flow mte of 6 L/min, and the
conical concentrator with the glass cover absorber had a thermal efficiency that was 4.15% higher

compared 10 the double coil absorber,

Kevwords
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Glass cover, Conical concentrator, Critical flow, Convective heat loss, Thermul efficiency
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Assessment of the Thermo-Economic Performance of a Conical Solar
Concentrating System Utilizing a Coil-Based Absorber
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Alnstna

Global demand for fossil fucls 1o produce energy has long been associated with pollution and riung greerhouse gas
(GHG) emissons. Pyvery day, the encrgy consumption i increasing, therefore, B's critical 1o advance remewable
energy-usng technol ogses. With the abundant av silability of astamable energy, solar power 1 becaming a necessty .
However, solar encryy has a low energy denaty and therefore mquires alage installation arca, which requires heat
ool lection and heat storge technology. Much research is now beng done on the conical solar systems 1o mprove
efficiency ncludimg calculating an optimal cone angle, findmg the hest flow ratio and the best absorber design, et
Therefire, m this study, thermal performance of a conical solar col lector (CSC) was assessed with a new desagn of
cmcentn ¢ hube shaorber (addition of a coll and compared 10 the existing circular tube absorber. It was faund tat 6
L'min flow rate of hesting medium (distil led water and Cu) nanofluid ) gave lower paybhack period and higher solar
fraction ofthe s ywtem in both cases of abwarber tube, Le., withous corl and with coil. However, compantively, themnal
efficiency of (SC with col-based sbsother was almost 10-12% higher than | system (without col)
regard es of type of heating medim wed

Aoy wuordh
Gilass cover, Comical concentrator, Critical flow, Convective heat koss, Thermal efficiency
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Performance Analysis of Fresnel Concentrator Using Nanofluid
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Absrac

Solar energy w an mfinie energy source, which and ¢ an be used for heating system with producing the hot wala by
slworbing mnd storing solar heat, Previously, solor heat colleciors maimly use water as the themal medivm for
sheorbing and storing heat. With the recent development of nanotechnokogy, nam Muids using nanoparticles haive been
sudied and wed In order to improve the efficienc ¥ of the Freanel concerirator, namofiid and water were applied as
the thermal medium of the system and compared afler performance analysis. A ranofluid was i Mud prepared with
disperung nenoparticles having hgh thermal conductivity using distilled water a5 8 hase Muid Kanofluids heve higher
thermad conductivity than avmmon heat media such s water, so i can pessible 1o exgpect @ i norease the efficency of
the concentrator., In ey study, nenaolfuxl were fabncated by adding aluminum nenoparticles 8 a conc entration of
0.05% and tor improve the dsporsion sabibity of the mnoparticles, the surfictant CTAB was alded s 1710 imes, |
time, and 10 times based on the CMC concentraton. Among therm, |10 tmes the highest thermal conductivaty was
selected as the thermal medium of the concentrator. The experiment was conducted for 2480 mimutes under the sume
conditions on a clear day wsirg water and alurminum manofuid as a thermal medium, As the resulis of the experiment,
nmofuids showed higher efficiency than waler, and smong them, the higher the flow rade, the b gher the efficiency.

ey words
Sular energy, Thermal energy, Numflsds, Fresnel concentetor
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Comparative Evaluation of Two Types of Fresnel-lens Solar Collectors for
Agricultural Facilities
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Abstract

Sustainable farming and redicing the agricultural industry's envronmental impact rely on efficient solar encrgy use in
agricultural facilstics. Fresachbens solar collectors, known for ther solar thermal encrgy capture potential, are of
mierest. This study compares incar and spot Fresnel lenses to determine therr suitability for enhancing crop outpat and
encrgy sustainability in agniculture. Both collector types were testod under dentical weather and operational
conditions, cnsuring fasr comparnisons with simalar storage capacity and lems surface arcas. Both systems featured
carcullating pamps for convective heat transfer and dual-axis solar trackers. The spot collector outperformed the lincar
one with supenior thermal efficiency and higher encrgy yacld per unit arca. Increasing storage capacity reduced payback
time and increased electricity savings foe bath. The spat collector performed 107, better than the linear one. Notably,
adjusting the groenhouse heat exchanger's inflow rate showed promise for achicving required plamt growing
temperatures for vanious crops
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Solar encrgy: Spot Fresnel lenses; incar Fresnel kenses: Experimentation
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CFD-Based Evaluation of the Efficiency for Solar Collectors with Fresnel
Lenses

Kycong Sik Kang'. Gwi Hyun Lec™
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Abstract

The man objectives of this stsdy are 1o evaluate the performance of a solar thermal collection system utilurng Fresnel
lenses thiough CFD simulation, Solar energy is an infinste encrgy source, and it can be used for heating and thenmal
systems. The efficiency of solar thermal encrgy systems is pramarily dependent on the efliciency of the collector unit,
leading to the development of vanous solar thermal systems, In this rescarch, CFID numenical analyses were conducted
on two types of solar collection systons using Fresnel konses 10 maimize the efficiency of solar energy collection. The
first systom consists of 16 small Frosnel kenses, a square pipe through which the heat transfors modsum fows, and the
colloctor component, forming a flat plate type colloctor. The seoond system comprises a singhe large Fresnel lons and
a double<cylinder shell-type shsorber that absorbs heat from the kens. To perform CFD analysis, the geometry of the
solar thermal collection system was created using 3D modeling software, and a mesh was generated on the 3D madel.
Subsequently, ANSYS Fluent 2022 R2 software was used 1o establish the physscal models describing the fluid
dynamics and heat transfer within the solar thermal collection system, along with settng boundary conditions
imvolving extermal heat sources, Numencal analyvsis was then conducted using the software, and the results of both
systems were analyzed. Whilke the 1l plate collector averaged 60- 7P ¢fficiency, a single large Fresnel lens with the
double cylindrical shell absorber outperformed it by approximately 5% with an average elliciency of 65.75%. A
satisfactory aproement was found when comparing the experimental data from previous shiadics with the ressilts of thas
rescarch. In the future, # is anticapated that this system can be further analyzed under vanous conditions, including
different heat tramsfer media and solar radiation levels. A solar collector of the single large Fresnel lens had
demonstratod hagher efficiency, and it s behieved that improvements in performance and cost-related challenges could
make it suitable for applications requiring high energy efficiency, such as hot water supply and heating and cooling
systems,

Keywonds
CFD Simulstion, Solar Thermal Collection Systems, Renewable Energy, Heast Transfer, Comparative Analysis

Achmow ledgement

This work was supported by the Korea Institute of Planning and Evalustion for Technology in Food, Agriculture and
Foressry (IPET) through Technology Commercialization Support Program, funded by Mindstry of Agriculture, Food
and Rural Affairs (MAFRA) (No. 821048-3)

*Corresponcing suthor. G Hyun Lee (ghiee@angwon ac kr)

237

- 13 -



Proceedngs of the KEAM P23 Autumn Conterents

Performance Optimization of High Concentration Photovoltaic System
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Abmtract

Thas stady deseribes CFD analysis and experimentation of 2 high concentration photovoltaic thermal (PV/T) system,
with the aim of locsting the optimal power outputs against different operating conditions. This system consists of
multiple high-concentration solar oclls and Fresnel lenses aligned against cach solar cell. and mosmied on o dual axis
tracking system. Encrgy performance analysis has been performed by considering vanations in flow rate, solar
rraduation and ambeent temperature. The thermal and clectncal power outpats also vaned with changes in the ambient
temperature and available solar raduatson. Through the numencal and expermental shudics an optimum ow rale was
located ot a given ivadiation and ambaent temperature. The relatively high value of PV/T power was observed against

the optimum flow rate. A minimal deviations of <6% was observed between the al and experimental finding
Keywords

High-PVIT; CFD analysis; Optimum flow rate; Experimentation
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