pos
t"a'-::.,&.- SOLAR ro.

CONDENSATION ON THE SURFACE OF
PHOTOVOLTAIC PANELS

How does condensation contribute to soiling of photovoltaic modules?
Condensation contributes to soiling of photovoltaic modules by trapping
dust particles and, in certain conditions, leaving a material bridge between
particles and the surface after evaporating.

Does dust accumulation affect the thermal performance of photovoltaic
(PV) systems? The impact of dust accumulation on the thermal
performance of photovoltaic (PV) systems primarily manifests in the
alteration of PV module temperature.

What affects the deposition rate of dust on PV panels? The deposition rate
of dust on the PV panels' surface is heavily influenced by their surface
properties,which can vary depending on the material used . Surfaces that
are coated tend to have a lesser impact on dust deposition compared to
uncoated surfaces .

How does humidity affect a PV panel? Relative humidity plays a crucial
role in the accumulation of duston PV modules. In environments with high
humidity and dew,water capillary bridges form between the particles and
the panel surface. This facilitates the coalescence and condensation of
the dust particles,leading to the formation of gel-like substances .

Does heavy rainfall affect the dust accumulation on PV panels? Heavy
rainfall does have a cleansing effecton the dust accumulation on PV
modules. According to Jaszczur et al. ,rainfall with an intensity of at least
38 mm/h has the capability of eliminating dust particles from the panels.
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Does rainfall affect the settling process of PV panels? Styszko et al.
conducted a study on the natural settling process of PV panels in Krakow
under various weather conditions and found that rainfall intensity plays a
crucial role in the dust-settling process. Heavy rainfall does have a
cleansing effect on the dust accumulation on PV modules.

Effect of condensation on PV panel performance. Another major setback
under desert environment is the high possibility of moisture condensation
on the surfaces of the PV modules. Due to radiation heat exchange
between the PV surface and the cold nocturnal sky, the PV surface
temperature drops to lower than the ambient dew point temperature.

However, dust agglomeration on the surface of photovoltaic panels
causes damage and impedes their ability to efficiently turn sunlight into
electricity. Because condensation is a driving force in dust aggregation,
Hu et al. investigated the dust agglomeration process during
condensation. Their results will inform the design of future

Li et al. [19] investigated dust agglomeration on PV surface and showed
that water surface tension was the main force leading to particle
agglomeration during condensation. However, few studies focused on the

effect of dust chemical composition on its adhesion and interaction with
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the glass surface in presence of dew.

As photovoltaic (PV) panels are installed outdoors, they are exposed to
harsh environments that can degrade their performance. PV cells can be
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Y ﬁ - coated with a protective material to protect them from the environment.
/ However, the coated area has relatively small temperature differences,
obtaining a sufficient database for training is difficult, and detection in a?|
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Results appeared the effect of collector design (fin shape) on PV/T system
performance and PV panel temperature, it was the percentage of
difference temperature with uncooled PV panel 8.4% and 9.8

Although condensation plays an important role in photovoltaic (PV) soiling,
the mechanism of interaction among the condensate, dust particle, and
PV surface has not been effectively elucidated.

Results appeared the effect of collector design (fin shape) on PV/T system
performance and PV panel temperature, it was the percentage of
difference temperature with uncooled PV panel 8.4% and 9.8

in the PV surface temperature by around 8?C can be obtained during the
daytime. The same system can condensation of air humidity on PV
panels should be avoided under both day and night

Where |. 1 is the power generation efficiency of the PV panel at a
temperature of T cell 1, I? 1 is the combined transmittance of the PV glass
and surface soiling, and 1? clean 1 is the transmittance of the PV glass in
the soiling-free state; I. n 2 denotes the average daily power generation
efficiency of the PV panel on the nth day, D n is the number of days of
outdoor a?|
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A series of experiments were performed to investigate the effect of
organics on the adhesion of dust to the surface of PV panels under
condensation in this study. The collected samples of the three types of
dust (referred to as original dust samples) were calcined at 600 ?C in a

muffle furnace to remove the organic and carbon monomers to get

DOI: 10.1016/J.SOLENER.2021.05.004 Corpus ID: 236365965;

Assessment of condensation and thermal control in a photovoltaic panel

by PV/T and ground heat exchanger @article{Reda2021AssessmentOC,

: titte={Assessment of condensation and thermal control in a photovoltaic

== panel by PV/T and ground heat exchanger}, author={Mayameen N. Reda
and M. a?|

s ISR Figure 19a,b show the temperature distributions on the surface of the
' l photovoltaic panels when the thicknesses of the air-cooled channel were
i 40 mm and 100 mm, respectively. Firstly, compared with Case 1, the

temperature a?|

== g In a study of PV panel performance, it was reported that the panel output
T AE . : . .
degrades up to 28.77% due to increase of 42.07% in relative humidity
[12].Next study on panel performance under humid zone shown that its
efficacy reduces up to 32.42% when the humidity level increases to 6%
and panel was operating at 58 ?C [13].Whenever, the PV panel is a?|

Outdoor Cabinet Energy Storage System

Photovoltaic (PV) power generation is a clean energy source, and the
accumulation of ash on the surface of PV panels can lead to power loss.
For polycrystalline PV panels, self-cleaning film is an
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Compared with the relative smooth soil surface of the control slope (Fig. 6
a), the soil surface under the PV panel was rougher. For example, under
the 80 mm hr-1 rainfall, a big part of the ground surface under the PV
panel did not have soil surface seal (see the red square in a?|

Condensation (dew) on PV modules plays important roles in soiling. It can
promote soiling via (i) capillary adhesion, in which a liquid bridge forms
between dust particles and the surface (Nicholson, 1988, Ibrahim et al.,
2004, Figgis et al., 2018b), and (ii) cementation, where a solid bridge is
formed by soluble matter in the dust that dissolves in the dew and later a?|

The deposition and adhesion of dust on the surface of photovoltaic (PV)
panels cause a reduction in efficiency and pose safety hazards. It is
necessary to investigate the factors and mechanisms of dust adhesion to
PV panels to provide theoretical guidance in preventing the dust from
adhering on the PV panels. This study analysed the chemical components
of actual a?|

Odeh et al. [8] achieved cooling of the PV panel by water dripping on the
upper surface of the PV panel and obtained an increase of about 15% in
the system output at peak radiation conditions. A different investigation of
front PV surface cooling was performed by Hosseini et al. [9], using a
spray water cooling technique. Results showed that

Many researchers studied the consequences of dust deposition on PV
modules. Dust blocks sun rays from reaching the surface of the PV panel
(based on density, particle size, and composition) and reduces radiation
[8].Alnasser et al. established that the physical and chemical properties of
dust determine the consequences on the PV module's performance [10].
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P, 1. Introduction. Solar photovoltaic (PV) modules are increasingly deployed
at GW scale across various regions, particularly in semi-arid and arid
areas [1, 2].However, outdoor PV modules are exposed to elements such
as dust, rain, and dew, which can significantly reduce their efficiency and
lifetime [[3], [4], [5]]. The adverse effects of soiling through dust on PV a?|
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LM Then, based on the above formula, the relationship between the heat flux
- ’ on the surface of the PV panel and time was calculated, aiming to achieve
_ . a close match between the simulated heat flux on the panel surface and
EE == * = the experimental data. In Fig. 9 (b), it can be seen that the faster the
condensation temperature decreases, the lower the

DOI: 10.1016/j.solener.2024.113014 Corpus ID: 273484639; An analysis
= W of surface-soiling and self-cleaning of photovoltaic panel under
.«i “’ condensation @article{Yuan2024AnAO, title={An analysis of

surface-soiling and self-cleaning of photovoltaic panel under
condensation}, author={Wu-zhi Yuan and Huaming Li and Kui He and Ya
Ge and Si-Min Huang}, a?|

Soiling is a crucial problem for solar energy power plants particularly in
regions that have high soiling rates, dust storms, water scarcity and a
great solar energy potential. Moreover, in areas with high humidity, the
cementation of dust particles seems to be highly impacted by dew
condensation on the front surface of solar panels.

L= However, dust agglomeration on the surface of photovoltaic panels
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causes damage and impedes their ability to efficiently turn sunlight into
electricity. Because condensation is a driving force in dust aggregation,
Hu et a?|
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Conversion efficiency, power production, and cost of PV panels" energy
are remarkably impacted by external factors including temperature, wind,
humidity, dust aggregation, and induction characteristics of the PV system
such as tilt angle, altitude, and orientation. One of the prominent elements
affecting PV panel performance and capability is dust. Nonetheless, a?|

In spite of high solar radiation being an advantage for the performance of
solar photovoltaic (PV) panels, the caused high surface temperature of the
panel surface reduces their efficiency, as well as

The AWGPYV panel, short for Atmospheric Water Generation on PV panel,
is specifically designed to facilitate water condensation and is intended for
nighttime operation. The process of condensation occurs when the
surface temperature of an object (i.e PV module surface) is equal to or
lower than the dew point temperature of the surrounding air, causing water
vapor to a?|

The elevated temperature and dust accumulation over the photovoltaic
(PV) surface are the main causes of power loss in hot and desert climates.
Traditionally, PV cleaning and cooling are addressed separately, and
accordingly, solutions have been developed that require extensive energy
and/or manpower to cool and clean the PV panels. However, these a?|
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