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ABSTRACT

M. Sc. Thesis

THERMAL PERFORMANCE INVESTIGATION OF A WATER COOLING
PVT COLLECTOR WITH DIFFERENT COOLING SUBCHANNELS

Zainab Mohammed Sellab AL MAMOORI

Karabuk University
Institute of Graduate Programs

The Department of Mechanical Engineering

Thesis Advisor:
Assist. Prof. Dr. Enes KILINC
September 2023, 69 pages

This computational study was conducted to study the impact of cooling sub channels
on the PVT collector's thermal performance using ANSYS Fluent. Four geometrical
cases have been included in the study, with different dimensions of sub cooling
channels (10x10) mm, (12.5%12.5) mm, (15%15) mm, and (20x20) mm. The effect of
channels dimensions, temperature distribution, velocity distribution, pressure drop,
heat transfer and the figure of merit (FoM) with deferent Re numbers has been
discussed in the study. The simulations manifested that the photovoltaic system's
average temperature surface decreased with the increasing of sub channels cooling
dimensions and Re number. The pressure drop decreases as the dimensions of sub
cooling channels increased. The surface average temperature of the PVT modules
was 38.49°C, 36.88°C, 35.92°C, and 34.65°C for the four cases, respectively in the
Re number range of 920 to 2275. The pressure drop for the same cases in the same

range of Re number were 30.86 Pa, 19.23 Pa, 13.2 Pa, and 6 Pa, respectively.

v



Keywords : PVT collectors, cooling channels, Reynolds number, pressure drop.
Science Code : 91408



OZET

Yiiksek Lisans Tezi

FARKLI SOGUTMA KANALLARINA SAHIP SU SOGUTMALI BiR PVT
KOLLEKTORUNUN ISIL PERFORMANSININ INCELENMESI

Zainab Mohammed Sellab AL MAMOORI

Karabiik Universitesi
Lisansiistii Egitim Enstitiisii

Makine Miihendisligi Anabilim Dah

Tez Danismani:
Dr. Ogr. Uyesi Enes KILINC
Eyliil 2023, 69 sayfa

Bu hesaplamali ¢alisma, ANSYS Fluent kullanilarak paralel sogutma kanallarinin
PVT kollektorleri,termal performans: tizerindeki etkisini incelemek icin yapilmustir.
Alt sogutma kanallar1 (10x10) mm, (12.5%12.5) mm, (15x15) mm ve (20x20) olmak
tizere farkli boyutlarda Solidworks yazilimi ile yapilan dort geometrik modiil
caligmaya dahil edilmistir. mm. Kanal boyutlarmin etkisi, Sicaklik Dagilimi, Hiz
Dagilimi, sogutma kanallarindaki basing diisiisii, Is1 Transferi ve farkli Re sayisi ile
liyakat rakami (FoM) calismada tartisilmistir. Simiilasyonlar, PV modiil ylizeyinin
ortalama sicakliginin, alt sogutma boyutlarinin ve Re sayisinin artmasiyla azaldiginm
ortaya koymaktadir. Alt sogutma kanallarinin boyutlar arttikga basing diisiisii azalir.
PVT modiillerinin yiizey ortalama sicakligi, 38.49°C, 36.88°C, 35.92°C ve
34.65°C'dir. 920 ila 2275 Re sayisiaraliginda sirasiyla dort vaka. Ayni1 Re sayisi
aralifindaki ayn1 durumlar i¢in basing diisiisii sirastyla 30.86 Pa, 19.23 Pa, 13.2 Pa

Vi



ve 6 Pa idi.
Anahtar Kelimeler : PVT kollektorleri, sogutma kanallari, Reynolds sayisi,

pressure drop.
Bilim Kodu : 91408
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: Temperature (K)
: Pressure (pa)
: Inlet temperature
: Outlet temperature
: Renewable Energy
: Figure of merit
: Solar energy
: Photovoltaic
: Photovoltaic thermal
: Computational fluid dynamics
: Temperature of the surface (k)
: Thermal conductivity (W\m. k)
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: Heat transfer coefficient (W /m2. k).
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: Pressure drop (Pa)
: Hydraulic diameter (m)
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PART 1

INTRODUCTION

1.1. WORLD ENERGY SCENARIO

Energy is required by technological applications in practically every field, including
agriculture, industry, and domestic activities. As time goes on, there will be an even
greater increase in the amount of energy needed for meeting the demands. Energy
supplies become less readily available as the population grows and energy demand
rises. The 22nd century is predicted to see the complete exhaustion of fossil fuels,
which we currently use extensively[1]. The burning of fossil fuels has produced
residues that have contributed significantly to climate change and environmental
pollution. As a result, numerous researchers from around the world have expressed
interest in studies on renewable energy sources that do not hurt the environment [2].
Energy produced from natural resources, like solar, wind, tides, geothermal,
bioenergy, and hydropower, is referred to as renewable energy (RE). In contrast to
conventional energy sources (such as oil, coal, and natural gas), renewable energies
have little to no negative environmental effects and don't produce any waste
greenhouse gases. Thus, it would seem that the best and most efficient method to
handle environmental issues and worries regarding the sustainability of energy
sources is through the use of renewable energies [3]. The REN21 report states that
net installations of nuclear and fossil fuel power capacity combined are currently
being surpassed by net additions of renewable power generation capacity. By the end
of 2021, 40 nations around the world had at least 10 GW of installed renewable
power capacity, up from 24 nations only ten years earlier. As seen in Figure 1.1,
producing electricity from wind and solar photovoltaic is less expensive than doing

so from brand-new coal-fired power facilities in the majority of nations [4].
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Figure 1.1. Annual addition of renewable energy capacity 2016-2021 [4].

1.2. SOLAR ENERGY

One of the most important renewable energy forms is solar energy (SE). Clean,
safe, and inexpensive energy may be produced without endangering the environment
by utilizing the light and heat that the sun provides [2]. The annual solar flux is
almost 100 times more than the annual global energy consumption, which indicates
that if just 1% of incident solar radiation was harvested, it would be enough to meet
everyone's energy demands [5]. Sun is a continuous fusion reactor with an output of
3.8x1020 MW. This energy is radiated in all directions, and the Earth intercepts
1.7x101% kW of radiation that is emitted [6]. Solar energy is infinitely renewable and
has almost no negative environmental effects. This energy could be captured using a
variety of methods, such as PVs, which converts the light directly into electricity,
solar thermal technologies, which heat the water and then convert it into other forms
of energy, and concentrated solar power, which concentrates the solar energy by
lenses to intense energy beams that could be utilized for heating water as well as
providing conventional energy solutions. The enormous solar energy amount, which
is available, makes it a highly alluring electricity source. Longer time, developing
affordable, infinite, and sustainable solar energy technologies will have several

advantages. By depending on a local, limitless, and largely import-independent



resource, it will provide energy security for states, improve sustainability, decrease
pollution, minimize expenses associated with mitigation, and maintain lower-than-

normal fossil fuel prices [5].
1.3. PV SYSTEMS

PV technology is used to turn sunlight into electricity. The term is made up of the
words "photo" and '"voltaic," which both refer to light and electricity.
Semiconductors are used to create solar cells and PV cells, which could convert the
solar light into electricity [7]. The photovoltaic effect is the process by which solar
cells convert light into electrical power. Edmond Becquerel demonstrated the
photovoltaic effect for the first time in 1839. These solar cells are constructed from
two different types of semiconductors that are linked together to form a p-n junction.
An electric field is produced in the junction when these two various semiconductor
kinds are combined. As shown in Figure 2, this generated field promotes the
movement of positively charged particles, holes to the negative side, and negatively

charged particles, electrons to the positive side [8,9,10].

antireflection coating

X !* front contact
emitter
sunlight

external
load “1" base
Q9
electron-hole
pair

" rear contact

Figure 1.2. Sectional view of a solar cell [9].

A variety of materials can be used to make photovoltaic cells, but silicon, which is
abundant on earth and has semiconducting characteristics, is frequently utilized in
solar cells. Depending on the quality and case material of the silicon, PV cells are

produced and marketed in three different categories, as depicted in Figure 1.3 [10].
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Figure 1.3. Types of solar panels [11].

1.4. PVT SYSTEMS

Solar energy is converted into electrical energy by PV panels. Maintaining the
operational temperature of solar panels is important [12]. A rise in temperature
results in the panels heating up and a reduction in electrical efficiency. Preventing
overheating is essential for avoiding a decline in electrical efficiency. To avoid
overheating, ducts or pipes are placed on the back side of PV panels. The PVT
systems' collector is made up of this structure. They use the system's collector to
simultaneously convert the solar energy into electrical and thermal energy. PV cells,
absorber plates, channels, and thermal insulation are the PVT system's main parts.
PV cells are typically attached to a solar collector's thermal absorber to create PVT
systems. Thermal absorbers are therefore the solar cells' complement in a PVT
system since they absorb solar energy and use it. The thermal and electrical
efficiency of PVT system are highly influenced by the thermal absorber. Since the
thermal absorber is primarily situated between the fluid and the PV module, it plays a
crucial part in transferring heat from the PV layer to the fluid. The type of solar
collector utilized in the PVT system determines the thermal absorber model.
Aluminum and copper are the two main materials used in thermal absorbers [13]. A
glass cover can be installed on the PV cells. Glazing decreases heat loss and
increasing the thermal efficiency. At the same time, the electrical efficiency rises
when the PVT systems do not contain glass because of the higher solar radiation
intensity. A general schematic illustration of PVT systems is revealed in Figure 1.4

[14].
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Figure 1.4. Solar technology diagrams [15].

Thus, the heat removal from PV panels via uniform cooling approaches is required to
keep the temperature of the PV panel within the manufacturer's operating range. For
the thermal management and performance enhancement of PV/PVT panels, different
cooling techniques are utilized. There are various ways to provide uniform cooling,

including:

e Airflow cooling

e Jet impingement cooling
e Liquid Immersion cooling
e Liquid/water cooling

e Heat pipe cooling

e Thermoelectric cooling

e PCM cooling

e Micro channel cooling [16].



Based on the design and type of PV cell, the type of fluid flow, and whether or not
solar radiation is concentrated, the PVT systems could be divided into various types.
According to that, the PVT collectors include PVT liquid flow collectors, PVT
collectors with air circulating through them, and PVT collectors that combine water

and air, as illustrated in Figure 1.5 [17].

Single Pass
= PVT Air collectors

Double Pass
g — Two Absorber
8
S | | PVT WATER Channel
— collectors
S
(W
2
E'f - Free Flow
5
[

— Sheet and Tube
; )
PVT Water/Air Round Tube Absorber

~ |Combination collectors

Rectangular Tube
Absorber

Figure 1.5. Classification of PVT Collectors [18].

The heat removal medium that is utilized for cooling the solar cells could be air,
water, or refrigerant. The heat produced by the PV panel is absorbed by the water-
based PVT collector, as displayed in figure 1.6 (a), which circulates water as the heat
transfer fluid. Due to its higher thermal conductivity and heat capacity, the water type

collector is more efficient and useful than the air type collector [19].



el
.‘ r
PV cells

— Air flow —
_a—Absorber plate
Insulation
(a)
Glass cover
PV cells
Absorber plate
“ : g -
Water ducts Insulation
(b)

Figure 1.6. Flat plate collector (a) air-based PVT and (b) water-based PVT [20].

In a PVT system with air-based is evinced show in Figure 1.6 (b). utilized to
maintain the PV module's temperature at the ideal range, allowing for high power
output. Moreover, the heating system is used for ventilation, space heating and

drying, etc. [21].

1.5. THESIS PLAN

The aims of this thesis is to improve the thermal performance of PVT collector,
decreases the temperature of the photovoltaic module and make the photovoltaic cell
temperature more uniform. by creating simulation model of photovoltaic thermal

(PVT) collector with change in dimensions of sub channel channels for four cases.

Chapter 2 presents literature review for experimental and theoretical studies for
different types of cooling techniques employed in PVT collector and their impact on

system efficiency.

Chapter 3 developing simulation for four model of PVT system by applying
computational fluid dynamics (CFD) techniques and utilizing ANSYS fluent

software, based on continuity, momentum, energy equations and study the effect of



change in sub channel channels dimensions on thermal performance on PVT

collector.
Chapter 4 presents and discusses all the obtained results of the Simulation carried out
on the PVT collector to demonstrate the effect of altering the dimensions of the sub

channels on system performance.

Chapter 5 summarizes and displays all of the findings from this investigation.



PART 2

LITERATURE REVIEW

This section demonstrates the experimental and theoretical studies that have used
different techniques to cool a photovoltaic thermal system. After renewable energy
systems became a reality and the demand for them increased, researchers continued

to improve their efficiencies.

Rejeb et al. improved electrical and thermal efficiencies of solar collector by
developing a new photovoltaic thermal/collector. The effect of arrangement (thermal
resistance between the cooling fluid and absorber plate, antireflective and low-
emissivity coating, and enhanced exchange surface area between the cooling fluid
and the flat plat exchanger) on the new PV/T collector was also analyzed and
studied. The simulation results showed that adding an anti-reflective coating to a
solar module improves both electrical and thermal performance. The heat transfer
between the PV module and the thermal absorber is improved. Higher thermal and
electrical efficiency are obtained for the recommended PV/T collector (73%, 15.4%)

as compared to the basic PV/T collector (58%, 13.7 %) [22].

Arslan et al. designed, manufactured, and inspected a new finned air fluid PV-
thermal collector kind, performed experimental and numerical analyses with varying
values of the mass flow rates and conducted energy and exergy analyses for thermal
and electrical efficiencies. Results depicted that the photovoltaic cooling improved
the electrical efficiency by about (0.42%). The average electrical and thermal
efficiency of the PV thermal system were (13.56% and 37.10%), respectively, at a
mass flow rate (0.031087 kg/s) and (13.98% & 49.5%) for mas flow rate (0.04553
kg/s) [23].



Elbreki, et al. enhanced the photovoltaic efficiency by combining planar reflector and
back plate extended surface depending on the effects of lapping fin height, fin
spacing, number of fins, wind speed, and solar radiation. Results illustrated that the
increase of fin pitch from 20 mm to 60 mm caused decreasing the number of fins
from 20 to 10. In turn, it increased the temperature of photovoltaic module from
44.13°C to 54.01°C. The temperature of photovoltaic module without the cooling
reached 64.30°C, which at the same time, with 18 lapping fins and 27.7 mm fin
pitch, the temperature of photovoltaic module decreased to 39.73°C, which enhanced
the electrical efficiency to 11.20% as compared with the bare photovoltaic 9.81%
with a difference of temperature that equals 24.57°C at 1000 W/m?. The lapping fins
have a superior performance in the reduction of the temperature of photovoltaic
module [24].

A. F. Muftah et al. investigated the passive cooling performance of the concentrated
photovoltaic module and employed two different novel designs for the passive fin
heat sink, which are longitudinal and lapping, to distinguish the optimum design
based on the height of the fin, fin thickness, tilt angle, fin pitch, and the number of
fins. Results revealed that the passive cooling with the lapping fins indicates the
optimal performance with an average temperature of the photovoltaic module
24.60°C lower compared to the reference photovoltaic module, and thus, the

electrical efficiency and output power reached 10.68% and 37.1 W, respectively [25].

Boumaaraf et al. developed two numerical models, evaluated them using MATLAB
environment, combined the numerical simulation and experimental investigation, and
compared the typical photovoltaic generator and photovoltaic thermal collector
performance between a classical PV generator and a water glazed PV/T collector.
The results displayed that the overall thermal efficiency could be as high as (74.20%)
for the photovoltaic thermal collector system, while it was (18.43%) for the

photovoltaic generator [26].

Choubineh et al. performed an experimental investigation on an air-cooled
photovoltaic system that has been equipped with phase change materials. Their goal

was to analyze the influence of the utilization of the phase change materials on the

10



heat transfer performance at natural convection and forced air convection.
Experimental results evinced that the panel's temperature decreased to (4.30°C,
3.40°C, 3.60, and 3.70°C) in a natural flow, decreasing the panel temperature, and
forced high-velocity, medium-velocity, and low velocity, respectively. When
equipped with phase change materials sheets additionally, reducing the temperature
results in augmenting the electrical efficiency and outlet power; in turn, results in a

considerable rise in the natural and forced convection situations [27].

Javidan et al. investigated photovoltaic cooling modules utilizing multi-nozzle jet
impingement cooling; this study focused on the influence of the number of nozzles,
nozzles diameter, and dimensionless nozzle on the photovoltaic gaping, upon the
general system performance. Results manifested that any increase in the liquid mass
flow rate improves the photovoltaic electrical efficiency. The photovoltaic output
power module was also improved by the number of nozzles. The mean surface
temperature of photovoltaic module reduced from (63.95°C to 33.68°C) when
applying perfect properties. The maximum improvement in the output power of
system was (47.67%) at the perfect conditions. The optimal temperature uniformity
achieved for the least nozzle to the photovoltaic spacing (5.0 mm), minimal nozzle

diameter (1.0 mm), and maximal number of nozzles (24) [28].

Khaled et al. presented a hybrid PV/T solar collector system in Duhok city that was
the subject of numerical and experimental examination over the course of seven
months. This study included various measurements of temperature, wind speed,
water mass flow rate, and solar intensity. Transient processes were simulated using a
1D mathematical model with constant thermo physical characteristics and heat
transfer coefficients. The implicit finite difference approach was used for solving the
equations relating to energy conservation. The estimation of thermal and electrical
energy as well as thermal, electrical, and total efficiency was included in the results.
The PV/T collector's overall efficiency reached its best point in May 2019 (72.01%),
and it reached its lowest point in January 2019 (63.1%). In comparison with a PV
solar collector system, the electrical efficiency of the cooling approach increase to

roughly 3% [29].
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Keen et al. developed an experimental study of twisted tape inserted in an evacuated
tube solar water heater. The experimental Results elucidated that the heat transfer and
outlet temperature of working fluid in the tube with a twisted tape inserted were
more than in the evacuated tube without the twisted tape insert since the average
efficiency of the evacuated tube solar water heater with twisted tape was 68.35%
,while for the evacuated tube solar water heater without the twisted tape, It was 59%

[30].

Selimli et al. achieved an experimental and numerical comparison and the
investigation of PV module as well as PV thermal collectors based on the
thermodynamics' first and second laws. The experimental results were compared
with the numerical results, which were obtained from the CFD. Results indicated that
the electrical efficiency of photovoltaic module was equal to the overall efficiency of
about 7.96%. Electrical, thermal, and overall energy efficiency values were 9.74%,
29.08%, and 38.82%, respectively for the photovoltaic thermal serpentine collector,
and those for the photovoltaic thermal channeled collector were 49.68%, 10.19%,
and 59.88%, respectively. The exergy efficiency of the photovoltaic module,
photovoltaic thermal serpentine collector, and photovoltaic thermal channel collector

was determined at approximately 4.63%, 10.64%, and 11.53%,respectively [31].

Poredos, et al. presented the experimental and numerical energy and exergy
performance evaluations of the solar thermal, PV and PV thermal modules dependent
roll-bond heat exchangers with various channel geometries, parallel, bionic, and
serial. Results viewed that the lowest temperature at outlet water inside the absorber
was at the bionic absorber, and the bionic indicated lower pressure losses. The
simulation results showed the maximum solar-to-electrical efficiency (14.50%) in
bionic absorber. The photovoltaic thermal module achieved the highest average

electrical and exergy efficiencies as coupled with a bionic absorber plate [32].

Rosli et al. carried out computational fluid dynamics simulations for different designs
of absorber tube, u-flow, spiral, and serpentine designs to study and compare the
electrical, thermal, and total efficiency levels of the Photovoltaic thermal collector

for different absorber tube designs. Effects of mass flow rate on the performance of
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the PV thermal were specified, and the surface to surface (S2S) radiation model was
applied. The results demonstrated that in (the 0.0005 kg/s and 0.005 kg/s) range, the
u-flow, serpentine, and spiral design of photovoltaic thermal obtained the maximum
thermal efficiency (at 0.005 kg/s) that were 21.02%, 22.62%, and 22.960%,
respectively. In terms of electric efficiency, the u-flow design controlled attained
11.780%, the maximum elelctrical efficiency of the three designs (at 0.0050 kg/s).
Spiral design and serpentine had the same electrical efficiency (11.67%). at 0.0050
kg/s. All three photovoltaic designs attained the highest total efficiency at 0.0050
kg/s in the range between 0.00050 kg/s and 0.0050 kg/s. At 0.0050 kg/s, the spiral
designed indicated the highest thermal efficiency, 34.630%, serpentine design,
34.290%, and u-flow design, 32.80% [33].

Zhou et al. established a 3-D thermal model of water-cooled flat panel photovoltaic
thermal collector with the serpentine flow tube utilizing a finite element approach to
study distribution of the temperature of a photovoltaic thermal collector at serpentine
tube. The effects of serpentine cooling tube configuration on the distribution of the
temperature were investigated. From the simulation results, the optimum design of
cooling channels should comprehensively regard the pressure drop and channels’

effects [34].

Misha et al. developed and studied a novel dual oscillating absorber copper pipeline
flow depending on the photovoltaic water system in its design, to enhance the
electric performance and get useful heat, in turn, enhance the general efficiency by
applying CFD simulation and experimental investigation. The CFD results were
validated with the experimental results. Results have appeared that the maximal
average thermal efficiency of photovoltaic thermal system was 59.60%. The
maximum mean value of the electric efficiency of the photovoltaic panel and
photovoltaic thermal water system were 10.860% and 11.710%, respectively, at a
mass flow rate equal to 6 LPM. The photovoltaic thermal electrical, thermal
efficiency and output power increased with the mass flow increment. The thermal
efficiency increased with the mass flow rate increase, the level of solar irradiation,
and decreasing the difference between the inlet and outlet temperatures of water.

when increasing the mass flow rate, the temperature of cell decreased [35].
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Salem, et al. introduced experimental studies for the photovoltaic thermal system
performance using an aluminum cooling plate with helical and straight channels.
Results depicted that the increases in the average electrical efficiency of (17.70% -
38.4%) compared with the non-cooled panels for a range of the flow rate of
(0.25L/min — 1 L/min). The mean thermal efficiency increased from (31.60%) to
(47.20%) for straight channels and from (34.6%) to (57.9%) for helical arrangement.
And, the average exergy efficiency rose from (11.10%) to (12.90%) for straight
channels and from (11.5%) to (13.5%) for helical configuration. The power of the
water pump in the two arrangements didn’t exceed 3.30% of the converted electrical
power, whereas the increasing in the received electrical power was 30% compared to

the non-cooled cell power [36].

Kazem et al. presented the architecture of a grid-connected water-based PV/T,
together with the performance results from tests conducted outdoors in Oman's
climate. This research showed the findings of the impact of environmental factors
and solar irradiance on and standard PV/T collectors and PV panels by concentrating
on the electrical performance regarding the system throughout 3 days of testing. The
suggested PV/T exhibited higher electrical performance over the traditional PV
throughout the period of examination, with a steady increase in the electrical
efficiency. Around 67 WP and 18.90 V, respectively are the system's peak electrical
output and voltage. The PV/T panel's average power was found to be 6% higher

compared to that of a regular photovoltaic panel [37].

Engin et al. developed a mathematical model and inspected the electrical and thermal
efficiency of a hybrid photovoltaic thermal collector system prototype. The electrical
efficiency was enhanced by decreasing the cell temperature of photovoltaic module.
This is why a photovoltaic thermal system has been modeled and then created by
utilizing a thermal collector located at the lowest of the PV panel since the surplus
heat and solar radiation are the input of thermal collector. Coating the absorber plate
with TiO: increased the thermal output by 10%. The coated absorber plate and
transparent solar module by TINOX increased the hybrid system thermal yield [38].
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Khelifa et al. presented a mathematical model to study a photovoltaic panel system
for producing the electricity combined with a thermal system for water heating. The
system is formed by sheet and tube placed under the surface for extracting heat from
the photovoltaic module and cooling cells and to increasing the electric efficiency.
Results indicated that the outlet temperature of fluid in the system reached the

temperature of 39°C that showed again in the produced thermal energy [39].

Michael et al. introduced an experimental study on a new PV thermal water-based
collector created by the lamination of photovoltaic cells on copper thermal absorber.
The modification decreased thermal the resistance by (9.93%), which enhanced the
heat transfer from photovoltaic cells to the fluid. Experiments were carried out with
and without glazing, with various stagnant conditions and water mass flow rates, and
with and without load conditions and thermal stress tests. The results revealed that
(87.52%) overall efficiency was obtained in the presence of glazing and (a 0.1 kg/s)

mass flow rate [40].

Shen et al. established a heat transfer theoretical model in PV thermal collectors with
various parallel cooling channels to evaluate the parallel cooling channels’ effect of
the thermal performance of PV/T collectors. The numerical results appeared that at
ten sub-channels, the pressure drop of the cooling channels was minimal. In the
meantime, the temperatures of PV modules were low and uniformly distributed. As
well, the I-type setting of the inlet and outlet was an optimal option because the
cooling channels’ pressure drop was low and thermal performance of the
photovoltaic thermal collector was very good. As the diameter ratio between the
main channel and sub-channels increases, the PV module temperature decreases and
becomes distributed more uniformly. The figure of the merit of cooling channels with

(D/d = 4) might be higher than that with (D/d = 2) by 50% [41].

Abdin et al. presented a novel photovoltaic thermal (PV/T) collector employing a
heat storage tank at the back of a module and an electrical resistance to improve the
thermal output during the periods of peak demand. This inquiry used modeling and
CFD to construct a dynamic model of the system’s operation. The simulation

demonstrated the viability of models and designs. The simulation facilitated
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determining the relationship among the insulating thickness, quantity supplied, fluid
characteristics, and serpentine pipe material. The results indicate that the temperature
of the components increases with the addition of an air gap between the cover of
glass and the solar cell component, the thickness of the insulator is a crucial design
factor, with a maximum of 0.10 m, the temperature increases with the use of copper
as a component material, water diluted with glycol is a good alternative because it is
less expensive and has better heat transfer than pure water, and recycled engine oil

improves the thermic efficiency. [42].

Bria et al. evaluated the ability of a PV/T water supply and a flat absorb design
composed of aluminum tubes to cool the solar panels, using computational fluid
dynamics for climate-based numerical analysis in Morocco. It was compared to an
uncooled PV module to determine the efficiency of the PV/T system. The
effectiveness of a moisture absorber (PV/T) for solar panel cooling was investigated.
This project aimed to increase the efficiency of photovoltaic panels by better-
utilizing waste heat. Analyzed beneath the photovoltaic module was an aluminum
absorber with circular water tubes. Using computational fluid dynamics (CFD)
simulations, the impact of a few variables on the efficiency of photovoltaic (PV)
panels was examined. The diameter of the inner tube, the rate of water introduction,
and the input and outlet configurations were all variables. The T’s cooling approach
improved the thermal and electrical efficiency by decreasing the PV/temperature
ratio. After cooling, the median temperature of the photovoltaic panel was 26.8 °C.
The PV cell temperature decreased with tube diameter and water speed. In just one of
the four investigated cooling arrangements, the temperature of the PV cell decreased
from the five-tube-by-five configuration, and it helped maintain a steady temperature
for the photovoltaic panels. The diameter of the inner tube, the velocity of the water

intake, and the water inlet/exit design all affected the PV/T efficiency [43].

Chen et al. developed a 3-D thermal and hydro-dynamic model for constructal tree-
shape mini channel heat sink. The heat and fluid flow in the constructal heat sink
with a hydraulic inlet diameter of 4 mm were analyzed numerically, taking under
consideration the conjugate heat transfer in channel walls. Temperature uniformity,

pressure drop, and COP of constructal tree-shaped heat sink were assessed and then
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compared to the ones of corresponding conventional serpentine flow pattern. Results
indicated that the constructal tree-shaped mini channel heat sinks have important
benefits when compared to the conventional serpentine flow patterns in pressure drop
and heat transfer. The weak and strong heat flow may be allocated with high
effectiveness in the tree-shaped flow structures, where the local pressure loss that
results from the confluence flow is higher when compared to than that which results
from the difference flow. The experimentally measured distribution of temperature
and drop of pressure are in agreement with the numerical simulations. Additionally,
the aluminum constructal tree-shaped mini channel heat sink has been fabricated for

the purpose of conducting the verification experimentation of [44].

Su et al. demonstrated the PV/T solar collector's performance with dual channels for
various fluids. By the comparison of 4 PV/T collectors with various fluids, the
electrical and thermal parameters of the PV/T solar collector, such as the
temperatures regarding the solar cell and outlet fluids, thermal power efficiency, and
electric power production efficiency were examined. The most effective PV/T
collector in terms of thermal and electrical performance has been discovered to be
water-water cooled. The most hot water could be produced by a PV/T collector that
is water-water cooled. In the air-water situation, the water's temperature is at its
highest. The PV/T collector that is air-air cooled has the potential to produce the
most hot air at the highest temperature. Additionally, it has been discovered that an
increase in the mass flow rate of water and the distance between the higher and lower

pipes improves the overall efficiency of water-cooled PV/T collectors [45].

Liang et.al. showed a solar concentrating photovoltaic-thermal (CPV-T) module for
building louver. This type of module is intended for providing buildings with both
heat and electricity through absorbing solar radiation in their vertical spaces. A PV-T
module was utilized in conjunction with a specially created concentrating blade for a
louver. Incident sunlight can converge on a solar cell thanks to the concentrating
blade, producing electricity, through using thermal fluid to remove and collect the
heat produced by the solar cell. The focusing blade's high-efficiency PV/T working
range was 20-70°, and it was intended to operate with a solar incidence angle of 0-

90°. To show the features of the concentrating blade, optical simulations were run. At
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an incidence angle of 20°, the geometrical concentration ratio was at its highest value
of 2.96. The geometrical concentration ratio remained above 2 throughout a broad
range of incident angles between 12.5° and 52.5°. Lastly, tests were done to see how
well the CPV-T module performed electrically and thermally. The findings showed
that over the entire day of experiment, its total efficiency could remain over 55% for

almost 5 hours without tracking [46].

Dubey et al. installed and tested two different varieties (Types B and A) of
commercially available PV/T modules. The PV module in Type A was enclosed by
mono-crystalline Silicon solar cells and integrated with tube-and-sheet thermal
collector, while the photovoltaic module in Type B was enclosed by multi-crystalline
Silicon solar cells as well as integrated with parallel-plate thermal collector. Thermal
and PV efficiencies were used to evaluate the PV/T modules' performance. The tests
were conducted under typical day climatic circumstances at two different flow rates
(0.03 kg/sec and 0.06 kg/sec). Fundamental energy balance equations and design
factors were used to validate the modules' thermal performance. In order to better
understand the heat flow pattern throughout the PV/T modules, the temperature
across their various layers was measured. The average thermal efficiency and
photovoltaic efficiency for Type A and Type B PV/T modules were 40.70% 11.80%,
39.40% and 11.50%, respectively. When PV modules' electrical efficiency was
evaluated without and with thermal collector, it was discovered that the PV/T
modules' average photovoltaic efficiency was roughly 0.4% greater than the standard

PV module [47].

Salman et al. a proposed new design for a cooling system and then numerically
examined it is design. Water serves as the working fluid through the photovoltaic
panel's rear chamber. Porous media were used for filling the chamber, which will
improve the convection heat transfer. With the use of Navier Stokes equations, the
ANSYS program simulated the incompressible steady-state flow of water. To study
the impacts of solar radiation, mass flow rate, and porosity on the PV module's
performance, several circumstances for the cooling fluid flow field and the
temperature distribution regarding the PV panel were provided. The findings

displayed that the addition of porous media decreases this module's average
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temperature from 9°C to 14°C. When the flow rate increases, the heat transfer is
significantly improved. An experimental study was conducted for comparing the
experimental results with the numerical ones in order to validate the work that has
been provided. With an error ranging between 2.9% and 10.9% for the cooling with
the porous media and between 4.5% and 8.5% for cooling without porous media,

such comparisons demonstrated a good agreement [48].

Prasetyo et al. modeled the SiO2, TiO2, and Al203 nanofluids and water heat
transfer fluids to cool PV solar cells utilizing different riser designs on PV/T
collectors. The thermal and electrical efficiency regarding a PVT collector system
were studied by altering the radiation intensity, collector design's shape, kind of the
fluid that has been employed, and fluid flow rate. The heat transmission process
between photovoltaic cell layer and the fluid was simulated using an ANSYS model.
The layout of a rectangular riser collector with water evinced the maximum electrical
efficiency at the value of 11.87%. The configuration regarding a semi-circular riser
filled with water had the best level of the thermal efficiency, 121%. The electrical
efficiency of the photovoltaic solar cells was unaffected by utilization of a riser
collector arrangement in a PV/T collector system. Each riser collector arrangement
shape's working fluid had an impact on how well the photovoltaic solar cells
generated the electricity. Water was used and it produced efficiencies up to 3.27%
higher than any of the other nanofluids that were evaluated. Considerable electrical
efficiencies for photovoltaic solar cells were attained while employing a fluid mass
flow rate of 0.5 kg/s in every one of the riser collector configurations and fluid types,
with maximum efficiency being 11.98%. The resultant thermal efficiency, for
instance, was 82.70%. As a result, in various riser collector arrangements, the mass
flow rate of working fluid could have an impact on the electrical efficiency of the PV

solar cells [49].

Huide et al. described the solar thermal, photovoltaic, and hybrid
photovoltaic/thermal simulation models and carried out experiments to validate the
simulation results. The performance of the three household solar systems was
projected. Energy comparisons between three solar systems utilized in different parts

of China were also investigated. Results manifested that, among the solar PV,
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thermal, and hybrid PV/thermal systems, a hybrid PV/thermal system might have the
highest potential for lowering the energy consumption for an urban residential
building with limited available area for installation. Additionally, a system with PV
and hybrid PV/thermal modules could produce maximum net yearly electricity
output for a rural home with a considerable amount of available space. The area of
the installation of hybrid PV/thermal collectors is mostly dependent on the building's
hot water usage [50].

Pang et al. simulated and tested under the real-world working conditions, a thermal
model of a hybrid PV/T system with a polycrystalline silicon PV module and an
aluminum thermal collector. With an inlet mass flow rate of 0.034 kg/s and a heat
flux of 700 W/m2, the pressure, temperature, and velocity distributions over the PVT
module were shown. Experimental results that supported the thermal model's
predictions regarding the PV/thermal module's performance without and with a
coolant elucidated that the PV/T module's temperature was nearly 20°C lower than
the comparable PV module. With coolant circulated at a 100 L volume, the p-Si PV/T
module's electrical energy and output power rose by no less than 2% and 10%,
respectively. The PV/T module's output power and electrical energy looked to be

around 7% and 5%, respectively, while it ran without coolant circulation [51].

Kiwan et al. modified the standard solar chimney system to increase its economic
viability. Installation of a water pool to cool PV panels and enable the system to
produce freshwater were the two primary improvements. The inclusion of
photovoltaic system will result in increasing the system's overall electricity
generation. In order to evaluate the viability of both the standard and modified
systems, a mathematical model was created. It was discovered that the modified
system's deployment factor was 4.37% whereas the traditional system's utilization
factor was 0.51%. The variables contributing to optimal utilization factor were found
via parametric analysis. The submerged PV panels performed better when placed
nearer to the chimney. According to the findings, the suggested system generates
45.35% more electricity yearly compared to a standalone photovoltaic system set up
in the same place. Additionally, the results of the sensitivity analysis suggest that the

height of the chimney has the greatest impact on the system utilization factor. In
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other words, the factor of utilization is larger as the chimney gets higher. The
economic research comes to the conclusion that the system produces freshwater at a
cost of 1.60 US$/m3, which is 46.30% less expensive than that produced by other
comparable systems. Additionally, compared to a typical solar chimney, the

economic indicators for the suggested system demonstrate the enhancement [52].

Salari et al. quantitatively studied the PV and PV/T systems’ performance for the
impact of dust deposition density. A monocrystalline silicon PV module's whole
structure was modeled for the two systems. It was investigated how the different
system characteristics affect the performances of the dusty as well as the clean PV
modules and PV/T systems. Solar radiation intensity, coolant inlet temperature,
ambient temperature, and coolant inlet velocity were among the parameters
examined. The obtained data portrayed that the electrical efficiency of PV module
decreased by 26.36% in the case where the dust deposition density on its surface
increased from 0 g/ m? to 8 g/ m?. Additionally, the electrical and thermal efficiencies
of the PV/T system decreased by 16.11% and 26.42%, respectively, as the dust
deposition density on its surface increased from 0 g/m? to 8 g/m?.Furthermore, the
simulation findings exhibited that the effect of the factors under consideration has a
greater impact on the clean solar system compared to the dusty system. Two
correlations for the decline in thermal and electrical output as a dust deposition

density function have also been put out [53].
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PART 3

THEORATICAL BACKGROUND (METHODOLOGY)

In this part, a numerical method is used for the photovoltaic thermal (PVT) water
collector with four different dimensions of cooling channels to evaluate the effect of
the structure of the cooling sub channels on the thermal performance of PVT
collector. Modules are created through simulation using computational fluid
dynamics (CFD) Finite volume method is used for obtaining the solutions in the fluid
simulation system. The shape geometry is created with the SolidWorks 2022
software, the mesh is created with the Gambit 2.4.6 program, and the numerical

simulations are solved with the ANSYS Fluent (2022) program.

3.1. COMPUTATIONAL FLUID DYNAMIC (CFD)

The science of computational fluid dynamics (CFD) involves solving a set of
governing mathematical equations numerically to predict fluid flow, heat transfer,
mass transfer, and related phenomena. These equations are the conservation of mass,
conservation of momentum, conservation of energy and effects of body forces [54].
With each solution displaying a rich tapestry regarding numerical methods,
mathematical physics, user interfaces, and cutting-edge visualization methods, CFD
is now developing into a potent and omnipresent tool in many industries [55].
Methods like CFD could be used to achieve findings that are near to reality while
reducing the time and cost required for development and research. In-depth analysis
is provided by simulation analysis, which cannot be achieved through
experimentation. For instance, using CFD simulation, it is feasible to determine the
temperature distribution inside the equipment [56]. CFD became a more practical
approach for delivering effective design solutions due to the recent advancements in
computing the effectiveness and falling prices of CFD software packages [57]. It is

recognized as a validating numerical method that can simulate separated particles by
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monitoring each particle's motion in the flow. Furthermore, it is capable of
simulating complex fluid flows with quantitative and qualitative analysis of the
changing flow field in both space and time [58]. The finite volume approach is one of

many CFD technologies that are available [59-61].
3.2. MATHEMATICAL MODEL

Governing equations including the continuity equation, momentum equation, and
energy equation were employed to obtain the results and determine the optimal
model for this study.

Continuity equation:
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Where u,v and w represent the water's velocities along the x,y and z axes,

respectively.

Momentum equation:
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Where p is the water's pressure (pa), T is the viscous stress, F = pg is the

gravitational force, p is the water's density [62,63].

Energy equation:
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Where T is the temperature of the water, k is the thermal conductivity, cp is the

heat transfer coefficient of the water.

The Fourier's law, as shown in equation, expresses steady-state conduction heat

transfer. [64].
Q = —KAG) (3.6)

Where @ is the conductive heat transfer rate (W), K 1is the thermal conductivity
(W\m.k), A is the cross-sectional area (m?), (dT\dx) is the temperature slope in

the direction of heat flow.

The Newton's law of cooling, which is represented in equation, is used to express the

convective heat transfer:
Q = hA,(Ts — Ty) (3.7)

Where Q is the convective heat transfer rate (w), h is convection heat transfer
coefficient (W /m?. k), A is the heat transfer surface area (m?), T, is the temperature

of the surface (k), T, is the temperature of the fluid (k).
The heat transfer rate can be expressed as:
Q =mCp(T, = T)) (3.8)

Where Q is the rate of heat transfer (W), i is the mass flow rate (kg/s), cp is the
specific heat capacity of water (J/kg.K), T; is the inlet water temperatures (K), T,

:1s the outlet water temperatures (K).

The Pressure drop AP can be expressed as:

L uv?
D 2

AP = f (3.9)
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Where D is the hydraulic diameter (m), AP is the pressure drop (Pa), v is the
average velocity (m/s), p is the density of water (kg/m3), u is dynamic viscosity

(pa.s), L is the length of the cooling channel (m).

Figure of merit (FoM) is the evaluation performance of the cooling channels given as

FoM = - (3.10)
mAP

Where Q is the rate of heat transfer (W), is the mass flow rate (kg/s), AP is the

pressure drop (Pa).

Reynolds number:

Re =%’Jh (3.11)

Where p is the density of fluid (kg/m?), V is the velocity of fluid (m/s), u is a
dynamic viscosity of the fluid (pa. s) [65].

3.3. PHYSICAL MODEL AND BOUNDARY CONDITION

Four geometrical models have been done in this study, in order to assess the impact
of a parallel cooling channel's dimension altering on the thermal performance of the
PVT water collector. ANSY'S Fluent was used to analyze the performance of the PVT
water collector. Solid works software (2022) was used to create a three-dimensional
design of the system with regard to the numerical analysis. As shown in figure 3.1,
the collector of the PVT system utilized in the numerical analysis is made of glass,
silicon solar cells, aluminum absorber plates, and two main channels that collect ten
cooling parallel copper sub channels between them. The dimensions and
characteristics of PVT collector are presented in Table 3.1. In the numerical
simulation, a laminar three-dimensional steady model was utilized. Water was used
as a cooling fluid. The fluid flow is laminar, with a (Re < 2300) and a range of Re

(920,1200,1520, 1600, 1850, 2275). Water enters the parallel channel at Ti, = 300 K.

25



The atmosphere's pressure, Pout = 0 Pa, was used to keep a constant water pressure
at the output. A 1000 W/m? heat flux was applied on the surface glass of the PVT
water collector. The PVT system's side and bottom surfaces were insulated. As a
result, the bottom and side surfaces of the PVT collector were considered to be

adiabatic (heat flux=0).

Table 3.1. The dimensions and properties of the PVT system.

Material Density Thermal Specific Thickness
(kg /m3) conductivity heat (mm)
(W/m.K) J/kg-K)
Glass 2450 2 500 4
Silicone 2329 148 700 6
Aluminum 2700 160 900 1
Copper 8978 387.6 381 1
water 998.2 0.6 4182

Glass layer

PV Layer

Absorber Layer

Channel S

Glass layer
PV layer
@—> Absorber layer

@— Channel

Sub Channel

Outlet Water
Main
Channel

Inlet Water

Figure 3.1. Structure of PVT system
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The length (L) and the width (W) of the (PVT) water collector were determined as
(1305 mm X 630 mm) respectively as show in Figure 3.2. The four models are
change in sub channel dimensions as show in Figure 3.3. Table 3.2 presents the

dimensions of sub channels.

130587

Glass layer (4mm Thickness)

PV layer (6 mm Tl|hickness)
Absorber layer (1mm Thickness)

Channel ( Variable Dimension)

Outlet Water

Main Channel
(40mm)

Inlet Water

Main Channel
(40mm)

Figure 3.2. Dimension of the PVT system.
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Table 3.2. Sub channels dimensions for four modules.

Cases Sub channels Dimensions (mm)
Case 1 10x10

Case 2 12.5%12.5

Case 3 15x15

Case 4 20x%20

Sub Channel
cross section dimension

Main Channel
cross section dimension
10 mm 10 mm Case (1)
3 N
© 630mm 10 mm
\ \ B
12.5 mm 12.5 mnllj Case (2)
P 5 U S
630 mm 12.5 mm
Y \
15 mm 15 mm Case (3)
r: > g
630 mm 15 mm
\ \
20 mm 20 mm Case (4)
r < > +—_>|
630 mm 20 mm

Figure 3.3. Dimension of sub channels.
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3.4. MESH GENERATION

Meshing is the process of dividing a geometrical model into a finite number of
elements in order to get accurate result and close to the reality. Since the mesh is
generated utilizing the software Gambit 2.4.6, the meshing generation operation has
an impact on the simulation's convergence, accuracy, and speed. The geometry is
after that exported to the ANSYS Fluent (2021) software. In this study, the meshing
utilized 3D elements. Tetrahedron meshing was applied on the PVT model to get

better meshing scheme as depicted in figure 3.4.

Zoom

Glass zone «—=& .~ N\~ — =
PV zone
Absorber zone

Zoom

Figure 3.4. Meshing scheme for PVT system.
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3.5. GRID INDEPENDENCE OF THE MODEL

ANSYS Fluent software was used to discretize the numerical model used in the
study. The mesh independency test was carried out to demonstrate the accuracy of
the numerical analysis. The mesh for this work was examined by modifying the
parameters as well as repeating the simulation work to confirm the results' validity,
and the main technique employed in this test was to increase the number of elements
until it reached a point where the change in results was not noticeable. Figure 3.5
illustrates that when the number of elements increases, the average temperature of
solar modules with parallel cooling channels does not change much. The mesh size
(3953596) for the model is the optimal size to use for the simulation calculation

process and it takes less time to finish the process, as revealed in table 3.3.

Table 3.3. Mesh independence test.

Elements The average temperature on
PV panel
2506679 36.12
3009865 37.56
3953596 38.21
4904192 38.24
6490213 38.25
39 «
— o
38 +
g
‘;’ 37
="
—
36 o
35 T T T T Y
2000000 3000000 4000000 5000000 6000000 7000000

Numbder of Element

Figure 3.5. Mesh independent test of the photovoltaic modules' average temperature.
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3.6. MODEL VALIDATION

The average temperature of PV modules with parallel cooling channels determined
from numerical results is compared with those estimated in [41] to evaluate the
numerical model built in this simulation with the use of ANSYS fluent software.
Based on the geometry parameters (10 sub-channels and I inlet outlet configuration)
and governing equations, as illustrated in figure 3.6, under the same identical
boundary conditions in present study, the average temperatures of solar modules are
validated. Table 3.4 compares the simulation study being presented and the prior

study [41], with the greatest percentage error being (3.18%).

Table 3.4. Comparision between the current numerical results and prior study.

Re T_ PV simulation T_ PV paper
920 42.32 43
1200 40.94 40
1520 39.38 38
1600 38.82 37
1850 37.76 36
2275 36.72 35

—o—Tpv simulation —e—T pvpaper

800 1000 1200 1400 1600 1800 2000 2200 2400
Re

Figure 3.6. Comparison between the current numerical results and prior study.
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PART 4

RESULTS AND DISCUSSION

In this chapter, the findings of the numerical analyses in the PVT water collector
were discussed, analyses were done to demonstrate the effects of various sub channel
dimensions on the temperature of the photovoltaic module, temperature distribution,
pressure drop, velocity distribution. The change in the dimensions of the sub
channels leads to a change in the liquid flow characteristics in the channels and thus
affects the cooling of the solar panel module. Four dimensions are selected to take

out the effect of dimensions on the PVT collector.

4.1. EFFECT OF THE SUB CHANNEL DIMENSION ON THE
TEMPERATURE DISTRIBUTION OF THE PV PANEL

Figure 4.1 to 4.12 illustrates the impact of different sub channel sizes (10*10),
(12.5*12.5), (15*15), and (20*20) mm in a PVT collector on the photovoltaic
module surface temperatures and temperature distributions in the cooling channels
for Reynold numbers Re (920,1200,1520,1600,1850 and 2275). The numerical
analyses demonstrate that the temperature of the solar cell decreases as the sub
channels dimension increase, therefore the temperature is lower in the large diameter
compared to the smaller diameters. As a result, the case of 20*20 mm has a lower PV
temperature and a more even distribution because increasing the surface area in the
vast diameter improves the contact between the water sub channels and the PV

panel.
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Figure 4.1 Average temperature photovoltaic module at Re 920.
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Figure 4.2. Average temperature photovoltaic module at Re 1200.
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Figure 4.3. Average temperature photovoltaic module at Re 1520.
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Figure 4.4. Average temperature photovoltaic module at Re 1600.
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Figure 4.5. Average temperature photovoltaic module at Re 1850.
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Figure 4.6. Average temperature photovoltaic module at Re 2275
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Figure 4.7. Temperature distributions in cooling channels for Re 920.
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Figure 4.9 . Temperature distributions in cooling channels for Re 1520.
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Figure 4.10. Temperature distributions in cooling channels for Re 1600.
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Figure 4.11. Temperature distributions in the cooling channels for Re 1850.
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Figure 4.12. Temperature distributions in cooling channels for Re 2275.

Figure 4.13 manifests the average temperature of PV module in different cases of sub
channels’ dimensions. From the curves, we find that in case of 10*10, the average
temperature of the module was 41.45 °C when Re=920 and dropped to 36.43 °C
when Re=2275. When Re was increased from 920 to 2275, The module's average
temperature decreased from 40.1 °C to 34.58 °C in the second case, which has a
diameter of 12.5%12.5 sub channel. For the third case, which is the dimension of
15*%15 sub channel, the module's average temperature varied from 38.53 °C
downward to 33.61 °C when Re was increased from 920 to 2275.The module
average temperature in the last case 20*20 changed from 37.28 °C to 32.63 °C in the
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same range of Re. This occurs as a result of the increase in contact area between the

water sub channels and the solar panel.
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Figure 4.13. The photovoltaic module's average temperature in four cases with
various Reynolds values.

Also, from average temperatures curves we can take out that the average temperature
of the photovoltaic module decreases with the increase of Reynolds number (Re) in
the four cases of the study. The average temperatures for Re=1520 were 38.2 °C,
36.78 °C, 36.17 °C and 35.07 °C, respectively. When Re=2275 in the present study,
those values were 36.43°C ,34.16 °C, 33.61 °C and 32.63 °C, respectively. Figure
4.14 presents that the large dimension’s sub channels have the low average

temperature.
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Figure 4.14. The change in the average PV temperature with the change in Re
number.

4.2. EFFECT OF THE SUB CHANNEL DIMENSION ON THE VELOCITY
DISTRIBUTION IN CHANNELS

The distributions of the velocity of the parallel channels of cooling with the four
cases of dimensions (10*10), (12.5%12.5), (15*15), and (20*20) mm with different
Reynold numbers Re (920,1200,1520,1600,1850 and 2275) are evinced in Figures
4.15 to 4.20. The gradient of the velocity distribution in the four-dimensional cases
elucidates that the sub channels' diameters increase, and the flow velocity in all sub
channel eventually decreases. Additionally, the main channel's flow velocity is
noticeably greater than the sub channels. The flow is little in the fourth case (20*20)
mm because of the large dimension which leads to less flow resistance, while it is
more in the cases of the smallest dimensions. As for the sub-channels, the velocity
gradient is almost constant, due to the distribution of the liquid flowing through the
sub-channels. Since the Reynolds number and flow velocity are directly proportional,

it is noted that when the Reynolds number increases, the velocity also increases.
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Figure 4.15. Distributions of velocity in cooling channels for Re 920.
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Figure 4.16. Distributions of velocity in cooling channels for Re 1200.
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Figure 4.17. Distributions of velocity in cooling channels for Re 1520.
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Figure 4.18. Distributions of velocity in cooling channels for Re 1600.
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Figure 4.19. Distributions of velocity in cooling channels for Re 1850.
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Figure 4.20. Distributions of velocity in cooling channels for Re 2275.

4.3. EFFECT OF THE SUB CHANNEL DIMENSION UPON THE PRESSURE
DROP THROUGH THE COOLING CHANNELS

Figures 4.21 to 4.26 display the distribution of the pressure in the main and sub-
cooling channels for the four cases of sub channels’ dimensions (10*10),
(12.5*%12.5), (15*15), and (20*20) mm for different values of Reynolds number (Re)
(920,1200,1520,1600,1850 and 2275). Where, it is shown that with the increase in

the sub channels section size, the pressure drop decreases, due to the fluid velocity
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decrease, and thus the on-way decreases in frictional resistance with the increase in

the dimensions of the flow section.
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Figure 4.21. Distributions of pressure in cooling channels for Re 920.
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Figure 4.22. Distributions of pressure in cooling channels for Re 1200.
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Figure 4.23. Distributions of pressure in cooling channels for Re 1520.
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Figure 4.24. Distributions of pressure in cooling channels for Re 1600.
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Figure 4.25. Distributions of pressure in cooling channels for Re 1850.
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Figure 4.26. Distributions of pressure in cooling channels for Re 2275.

Figure 4.27 portrays the pressure drop in channels for the four cases of dimensions,
and this figure shows that the pressure drop is low in the case of sub channel
dimension (20*20); for example, with Re=1520, the pressure drop was 6.993 Pa for
the fourth case, while this value for the other cases was 27.97 Pa, 17.497 Pa and
11.948 Pa, respectively. From the pressure drop curves, we can gain pressure drop
lower by about 20.98 Pa if we compare between the fourth and first case, 4.952 Pa
between the second and third case, and 10.48 Pa between the third and fourth case.
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Figure 4.27. The pressure drop in the various dimensions of the cooling channels.

Figure 4.28 views that when the speed increases, the pressure drop increases too, and
this increase in the pressure drop can be explained by the increase in friction
resistance when the speed increases. In the case of sub channels dimension 10*10 the
pressure drop increased from 12.19 Pa to 56.32 Pa, for the other case 12.5*%12.5 of
the dimension of sub channels, the pressure drop increased from 7.56 Pa to 35.3 Pa
when Re changed from 920 to 2275, and for the case 15*15 dimension of sub
channels, the pressure drop increased from 5.1 Pa to 24.72 Pa in the same range of
Re values. When the sub channels had the dimension of 20*20, the pressure drop was

the lowest where it ranged from 2.85 Pa to 14.65 Pa.
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Figure 4.28. Pressure drops with Re number variation.

4.4. EFFECT OF THE SUB CHANNEL DIMENSION ON THE RATE HEAT
TRANSFER TO THE COOLING WATER
Figure 4.29 depicts the heat transfer rate in the four cases of change in dimensions’
sub channels (10*10), (12.5*12.5), (15*15), and (20*20) mm for Reynolds numbers
(Re) (920,1200,1520,1600,1850 and 2275), it can be noted that the heat transfer rate
increases with increasing Reynolds number, and in the first and second cases the heat
transfer rate is higher because the smaller sub channels dimensions due to increased
velocity. While, in the third and fourth cases, which have a larger dimension, the rate
of heat transfer is lower due to the decrease in velocity within the channels. As the
temperature difference increases, we observe that the rate of heat transfer also

increases.
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Figure 4.29. The rate of heat transfers in four cases with deferent Re numbers.

Figure 4.30 reveals the relation between the figure of merit (FoM) and Reynolds
number for the four cases of the sub channel diameters (10*10), (12.5%12.5),
(15*15), and (20*20) mm. The (FoM) declines with increasing Reynold number
from 920 to 2275. The sub channel has the lowest pressure drop when its dimensions
are 20 by 20, and a smaller pressure drop raises the (FoM), because it is inversely

related to the pressure drop.
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Figure 4.30. The figure of merit (FoM) with deferent Reynolds number.
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PART 5§

CONCLUSION

In this study, four different geometric modules were created employing Solid works,
and simulation analyses were made by ANSYS Fluent software using various sub
cooling channels (10x10) mm, (12.5%12.5) mm, (15%15) mm, and (20%20) mm on
PVT collectors as well as compared with each other, to indicate the impact of sub
cooling channels’ dimensions on the thermal efficiency of PVT collector. The results
manifested that the PV surface temperature decreases as the dimension of sub
cooling channel increases, according to the results in the case (12.5%12.5) mm
dimension for sub cooling channel, the average temperature of the PV surface was
lower by about 4.18% compared to the first case which presents the (10x10) mm
dimension, and for the third case (15x15) mm the average temperature of PV surface
was lower by about 6.66%. In the case of (20%20) mm, the average temperature was
10% lower compared to the first case. For the pressure drop, if one compares the
cases with the first case, the results will be: In the second case, the pressure drop is

lower by about 37.68%, 57.22% in the third case, and 80.55% in the fourth case.
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