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ABSTRACT

In this research, study the performance of dual purpose solar thermal
collector experimentally and numerically simulation was done. The study include
using a new type of absorber plate and water pipes distribution. The simulation
part of this research is done by using COMSOL Multiphysics program version
5.5. The new type was corrugated absorber plate with (2*1) m dimensions and

zig-zag water pipes with (0.01) m diameter passage through the absorber plate.

The experimental work is done in Al-Muthanna city, Irag with latitude
31°N and longitude 45° E. The effect of solar irradiance, ambient temperature,
wind speed, water volumetric flow and inlet water temperature on the
performance of the dual purpose solar thermal collector was studied. The
numerical simulation concludes that the present work achieved enhancement in
efficiency of collector by 2.4% comparison with previous study, and also that
when the solar irradiance, inlet water temperature and ambient temperature
increases the outlet temperature increases, but it decreases with the wind speed
and volumetric flow increases. There was a good agreement between the

numerical simulation and experimental results with average error about 4.72%.

The experimental work included studying the effect of the three values of
volumetric flow (40, 60 and 80) L/h in June and July, 2020. The experimental
results show that the optimum rate of volumetric flow is 40 L/h. the maximum
outlet temperature for water and air was (69.9 and 79.2) °C respectively. The
maximum values of efficiency recorded was (83.3, 80.4 and 78.5) % for flow rate
of (40, 60 and 80) L/h respectively.
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NOMENCLATURE

Symbol Definition Unite
Ac The area of solar collector m?
Cp Specific heat coefficient J/kg.K
C_pw specific heat coefficient for water J/kg.K
d; Inside diameter of pipe m
do External pipe diameter m
f The factor of friction Dimensionless
Gr Global radiation W/ m?
h Coefficient of heat transfer W/ m2, K
hi Internal convective heat transfer coefficient W/ m2. K
h, Coefficient of heat transfer by convective W/m2. K
h, Coefficient of heat transfer by radiation W/ m2. K
Symbol Definition Unite
hw The wind loss coefficient W/ m2, K
It Total solar irradiance W/ m?
Kk Constant of thermal conductivity W/m. K
ke Thermal conductivity of insulation at edges W/ m. K
ki, Thermal conductivity of insulation at the W/m. K
bottom
kp Thermal conductivity for absorber plate W/ m. K
kw Coefficient of thermal conductivity for water W/ m. K
K Extinction coefficient m !
L Collector length m
1 Distance between plate and covers m
rh The flow rate of mass Kg/sec
Nu Nusselt number Dimensionless
Q Thermal energy W
Q. Useful thermal energy W
t The thickness of the twisted tape m
T _amb Ambient temperature oC
T out Temperature of outlet °oC
Ta out Temperature of outlet air °oC
Tw out Temperature of outlet water °C
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Thum Temperature of numerical simulation oC
Texp. Temperature of experimental oC
T, Temperature of plate °oC
Tpm Mean plate temperature oC
Greek Symbols
B The tilt angle of the collector Degree
& The emissivity of plate Dimensionless
Ec The emissivity of glass (cover) Dimensionless
M collector efficiency Dimensionless
Pw Density of working fluid(water) Kg/ms3
v Kinematics viscosity of air m?/sec
DIMENSIONLESS GROUP
Symbol Description
N The number of covers(glass)
Nu Nusselt number
Pr Prandtl number
Ra Rayleigh number
Re Rynolds number
DPSC Dual Purpose Solar Collector
FPSC Flat plate solar collector
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CHAPTER ONE

INTRODUCTION

1.1 Renewable energy

In the light of this accelerating development and the global hunger for
energy, because of the environmental problems produced by fossil fuel
energy, as global warming problems and others. It is necessary to search for
alternative sources that environmentally friendly and sustainable energy.
Renewable energy swept through the research space and scientific interest for
decades. Much attention has been focused on the aftermath of the massive
economic crisis in fuel [1]. The world started thinking more seriously for the
success of the work on renewable energy and increase its efficiency to be a
substitute for high-energy fossil fuels Renewable energy sources are never
implemented. It is distributed over very wide geographical areas. These
resources are rapidly replenished by the natural process of the universe and it
will not leave problems in the environment. The main advantage of using

renewable energy is they are available at all times of the year [2].

1.1.1 Advantage of renewable energy [3]
A- The most important renewable energy advantage is a sustainable

energy and does not implement.

B- It produces very little or no residue, such as carbon dioxide or other
chemical pollutants.

C- Renewable energy requires less maintenance than conventional
generators.

D- Renewable energy projects are more economically beneficial.

E- Less labor requirements.
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F- Take up less area than conventional power plant especially geothermal

stations.

1.1.2 Disadvantage of renewable energy
a. Renewable energy cannot produce the same quantity of energy as fossil

fuel stations.
b. The productivity of renewable energy is dependent on the weather as
the source of this energy such as wind and sun.

c. The current cost of renewable energy is high considering as a new
technology.

d. One of the disadvantages of renewable energy is that it is not possible
in supporting a lot of technology such as air transport.

1.1.3 Types of renewable energy [2]
Solar energy.

o o

Wind energy.

Biomass power.

o o

Tidal power.

Geothermal.

®

f. Hydro power.

g. Photovoltaic cells.

1.2 Solar energy
The sun is an extremely hot gaseous sphere with a diameter of 1.39 X
10° m. The black body temperature of the sun is 5760 K. The sun is an
inexhaustible source of free energy. The total power output of the
sun is 3.8 x 102°MW, which is equal to 63 MW /m2 the surface of the sun.
In all directions, this force radiates outward. The earth receives only a
small fraction of the total released radiation, equal to 1.7 x 10*kW, so, it
goes without saying that we think well about how to invest this massive free
energy. New technologies are used to generate electricity or heat from solar

energy collected.[4]
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Solar energy is the oldest renewable energy forms of humans since the
time of a decent. The first application of this type was discovered in the south
of France dating back to 8000 BC, Where a seat is used to the agricultural
products during the excavations. Many locations are discovered in the Middle
East where the material is diligent by solar energy, such as animal skins and

clay for building writing.[5]

Complete solar radiation on the surface of the earth consists of direct
radiation, diffuse radiation and reflected radiation. Direct radiation also
known as beam radiation, this arrives from the Sun uni-directionally; diffuse
radiation is Omni-directional due to molecular or suspended atmospheric
dispersion. Reflected radiation, which results from the reflection of solar
radiation from the Earth’s surface, is incidence on devices that tilt at an angle

greater than 0° from the horizon. [6]

Long-term average of global horizontal irradiation (GHI)
Daily totals: 2.2 26 30 34 38 42 46 5.0 5.4 58 6.2 6.6 70 7.4

[ . . KWh/m'

Yearly totals: 803 949 1095 1241 1387 1534 1680 1826 1972 2118 2264 2410 2556 2702

Fig. 1.1: The global solar radiation in World 2019.[7]

Figures (1.1 & 1.2), shows the distribution of the solar radiation in the
world and Irag [7]. Note the intensity of solar radiation in lraq, which is a
major reason for serious use of this energy.
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Jamod .Baghdad X ?:.\.‘

Karbala

m average of GHI, period 1999-2010
2 5.4

Fig. 1.2: The global solar radiation in Iraq 2019.[7]

The radiation of the Sun travels through the atmosphere of the earth, the

intensity of the radiation decreases because of:

a. Reflection from the atmosphere.
b. Scattering of particles of dust and air waste.
c. Air molecules scattering.

When the radiation hits a body, it reflects part of this radiation, part is
absorbed. The reflected fraction of incident radiation is known as the
reflectance,p reflectance the fraction of absorbed radiation as
absorptance,o_absorptance and the fraction of transmitted radiation as

transmittance, Ti,gnsmittance- 181

1.3 Solar thermal collector
Solar energy collectors are special types of heat exchangers that convert
the energy of solar radiation into the transport medium'’s internal energy. It is
a system that absorbs the solar radiation coming in, transforms it into heat,
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and transfer heat to a fluid that flows through the collector(usually air, or

water) [4]

In several ways, the solar collector varies from many traditional heat
exchangers. Typically, the latter exchange fluid to fluid at high heat transfer
rates and with radiation as a consideration of no significance. In the solar
collector, the transfer of energy from a remote source of radiant energy to
fluid. At best, the density of incident radiation is about1100 W /m?.[3]

Solar collectors absorb two forms of solar radiation; either non-
concentrated or concentrated radiation as shown in figurel.3. The area of the
collector is the same as the area of the absorber for non-concentrated
radiation, whereas in the concentrated radiation the collector area is greater

than the absorber area.[9]

Solar collector
Concentrating ' Non-concentrating
Parabolic Trough collector Flat Plate Collector

v

Linear Fresnel Reflector

' Parabolic Dish
Evacuated Tube collector
Central Receiver

Solar Chimney collector

]

Fig. 1.3: Solar collector types.[3]
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1.3.1 Flat plate solar collector (FPSC)

FPSC it is one of the most common and used types. An un- concentrated
collector type can be provide for average temperatures of up to 100 C above
ambient temperature. FPSCs have the benefits of being cheap to manufacture,
all beam and diffuse radiation are collected, and they are permanently fixed in

place, so there is no need to track the sun.[4]

These units ' main applications include solar water heating, building
heating, air conditioning, and industrial process heat. Initially the solar
collector is used for a single purpose, either to heat air or heat water. Some
changes are made to the design of the collector to make it dual-purpose, i.e.
used to heat air and water simultaneously. This modification reduce the cost
and require space until 50% and provide more efficiency than single purpose.

[10]
1.3.2 Components of dual purpose solar collector

The dual purpose solar collector (DPSC) as shown in figure 4 consist of

the following components which are listed below: [11]

a. Glass cover: One or more sheet of glass has been commonly used for
glazing solar collectors, since it can relay as much as 90% of the solar
irradiation in the short wave

b. Fluid passageway: Tubes, fins, or channels that conduct or direct the
inlet-to-outlet heat transfer stream.

c. Absorber plate: Corrugated plates that are attached to channels. The
embedded repair is a standard connection form. The plate is usually
covered with a low-emittance film of high absorption.

d. Pipes and channels: To admit and discharge the fluid.

e. Insulation: Used to reduce heat loss from the collector's back and sides.
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f. Container: The case covers and protects the above parts from dust, dirt,

and any other material.

Glazing Water tubes Hbsorbes : Snde.
l s plate insulation
) 4
O O (@) O [@NA O O

Vi

Air stream

R

R

4
Bottom
insulation

Fig. 1.4: Component of DPSC.[10]

1.3.3 Application of dual purpose solar collector

Dual-purpose solar collectors are characterized by being used to produce
hot water and air at the same time. Using these collectors reduces space and
cost by 50% [12]. Heated air or water produces from the dual purpose solar

collector can be employed to different application as listed below: [3]

a. Space heating for warehouses, factories, and building.
b. Solar water heating for different applications.
c. Air condition processes.

d. Drying processes.
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1.4 Research objectives

This study focuses on the forced convection circulation in

the dual purpose solar collector. The following goals have been set:

a. Simulation the heat transfer in absorber plate by using Comsol
Multiphysics 5.5 software program.

b. Validation the new proposal of absorber plate with previous study.

c. Manufacture and testing of the proposed dual-purpose solar collector.

d. Studying the effect of solar irradiance, water volumetric flow rate, inlet

water temperature and air outlet velocity on performance of collector.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Solar thermal collectors can be classified into to three groups based on
their use: solar air collectors, solar water collectors, and dual-purpose solar
collectors. In this chapter we will examine the most important studies that

have been presented within this classification of solar collectors.

2.2 Studies about the solar air collectors

There are many studies that discussed development of performance of
the solar air heater collectors, and we are going to summarize some of these
studies. K. Pottler et al.[13] Conducted a study to improve the efficiency of
the solar air collectors by letting the air passes behind the absorber plate to
increase the energy gained from the collector. The study included the use of
three different collectors with different arrangements of fins. Offset strip fins,
continuous fins, and fin-free collectors were used in the study. It was found
that the continuous fins collector provided the highest energy gain over the
other two types of collectors with the optimal fin spacing of 5 — 10 mm. The
study also showed that large offset strip fins provided good results, but the
energy gained is always less than the energy gained from the optimally

spaced continuous fins.
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Fig. 2.1 Solar air collector system.[13]
P. Naphon [14] Carried out a theoretical study of the effect of double-

pass. The study included the heat transfer property and performance of flat
plate collector with and without porous media. The porous medium put in
Air pass flow. The results comparing with previous researchers to validation
it. The Authors concluded that the porous medium increases the efficiency by
25.9%. The difference between results of this study and previous study as
18.4% and 4.3% with and without porous respectively. The efficiency
obtained is 50%. M. A. Karim and M. N. A. Hawlader [15] Carried out an
experimental and mathematical study to compare the efficiency of the v-
corrugated air collector over the flat plate collector. The results shows that the
v-corrugated are 12% more efficient than the flat plate collectors, and the
recommended flow rate for drying purposes is 0.035 kg/m?.s. The efficiency
increases from 0.41 at 0.01 kg/m?2.s flow rate to 0.71 at 0.054 kg/m?.s flow
rate.

H. Esen [16] Carried out an experimental study analysis of energy
and exergy of the double-pass flat plate collector with obstacle. The air flow
through two passes, top and down absorber plate. The study show that the
double-pass increasing the heat transfer area, therefore, increasing of

10
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efficiency. M. Mohanraj and P. Chandrasekar [17] Conducted an
experimental study on a flat panel solar air collector consists of a black-
painted copper absorption plate, a thermal storage unit, and a glass cover.
The distance between the absorption plate and cover is 25 mm and the tilt
angle of the collector is 25° The collector is designed so the air passes
between the absorber plate and the glass cover. The system also includes a
drying chamber which is used to dry chili. The drying rate depends on several
factors: the solar radiation, ambient temperature, wind speed, relative
humidity, and primary humidity rate. The experiment also included the use of
heat storage materials (e.g., gravel) to exchange the heat with the system. It
was concluded that the use of heat storage materials increases the drying time
up to 4 hours a day and the rate of the collector efficiency by 21%. Akpinar
and F. Kocyigit [18] Published an experimental study of fourth types of flat
plate solar air collector; three types with different obstacle and one type
without obstacle. The first and second laws of efficiency was studied. The
study showed that the two efficiency depend on solar radiation, geometry of
absorber plate, and air flow line. Tests were held at two air mass flow, 0.0052
and 0.0074 kg/s. The values of first and second laws were 20-82% and 8.32-
44% respectively. K. Aoucs et al. [19] Published an experimental and
theoretical study of a solar air flat plate collector with obstacle rows in the
dynamic air vein to enhance thermal efficiency. They made a comparison
between the theoretical and experimental results, and found that the
theoretical approach reflects in a satisfactory way the thermal performance of
the tested prototype and the effects of its components, primarily the absorber,
on the results achieved.

Tyagi et al.[20] Conducted an experimental study to analyses energy
and exergy of flat plate collector with thermal storage material; paraffin wax
and hytherm oil. They calculated first and second laws of efficiency with and

11
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without the thermal storage material. The Authors concluded that the
efficiency; without thermal storage material; increases with time until
maximum value at noon then it reduces and with this material, the efficiency
will increases until 4:30 pm. S. M. Gonzalez et al. [21] Carried out
an experimental and theoretical study of the behavior and efficiency of a
counter-flow double-pass air heater. The prototype is tested during four
sunny winter days with a maximum solar irradiance of 1100 W/m? and dry
temperatures ranging from §8°C to 23°C. Outlet air temperature during the test
reached 80°C at noon by using a resistor and 75°C without it. The average
difference between the inlet and outlet temperatures was 40°C where the air
flow was fixed at 0.02 kg/s. The average efficiency was 42% and peaking at
50%. [22] Conducted a theoretical and experimental study on the finned solar
air collectors in regards to the tilt angle, and the flow and the inlet mode of
the air. The study showed that the efficiency difference resulted is only 3%
when changing the installation angle of the collector, which means that the
angle has a little effect on the efficiency; while the flow showed to have a
positive impact on the efficiency of the collector, especially when the flow is
small and increases gradually. C. Sun et al.[23] Performed a mathematical
and experimental analysis of a solar air collector consisting of two air passage
channels, and a glass cover. The authors studied the effect of the flow rate
on the efficiency of the collector under different conditions and forced
convection. Mathematical analysis included air ducts, absorption plate, glass
cover, thermal insulation board, and fan energy. They found that when the
mass flow rate increases the hydraulic thermal efficiency will increase until it
reaches a certain rate then it starts decreasing, but the outlet air temperature
decreases as the mass flow rate increases; however, the effect of the ambient
temperature on the efficiency will increase as the flow rate increases. These

results were useful to design and analyze future solar collectors.

12
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A. A. Razak et al. [24] published a study on the most popular
absorber plate designs for the solar air collectors. The study focuses on the
contemporary improvements on the thermal performance of the collectors and
primarily on the available absorption materials for the matrix air collectors. It
Is showed that the matrix air collectors have the most potential for
improvement and are more efficient than the other types of collectors. The
study also noted that the matrix air collectors are given the least attention
compared to the other types. The performance of the matrix collector is
strongly affected by several factors such as the matrix porosity, geometry,
thickness, surface area density, and material thermal properties. But the
parameters which is useful for energy efficiency for the other types of
collectors such as including fins and flow direction gave negative results on
the energy efficiency of the matrix air collectors. [25] Included a theoretical
and experimental study to compare the efficiency of the rectangular-finned air
collectors and the fin-free air collectors. While keeping the mass flow rate
fixed at 0.033 kg/s, they proved that including the fins reduced the Nusselt
number from 19.67 to 16.23, reduced the hydraulic diameter, increased the
heat transfer coefficient between the absorber plate and the air, reduced the
thermal losses, and increased the outlet temperature. Experimental efficiency
Is found to be 30% for the fin-free collector and 51% for the finned collector,
while the theoretical efficiency is found to be 33% for the fin-free collector
and 55% for the finned collector. [1] Carried out an experimental study on
flat plate solar air collector to reduce the thermal losses. The collector
consists of a black-coated steel absorption plate, and double layers of glass.
The inclination angle of the collector is 37°. The results of adding the second
glass layer and changing the distances between the two glass layers at 1, 2
and 3 cm were compared with the results of having single glass layer, and it
was found that adding the second glass layer was effective in reducing the

13
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thermal losses. A. Fudholi and K. Sopian [26] Published a study to discuss
the fundamental mechanisms of the solar collectors and their performance,
and discuss and summarize the theoretical and experimental results of the
previous studies done on the solar air flat plate collector. During indoor
testing, the energy and exergy efficiencies of solar air flat plate collectors
range from 30% to 79% and from 8% to 61%, respectively. While the energy
and exergy efficiencies of the solar air flat plate collector in the drying
application (outdoor testing) range from 28% to 62% and from 30% to 57%,

respectively.

2.3 Studies about the solar water collectors

The second type of solar collectors are solar water heater collectors.
The following researchers investigate in this kind. Kumar and Rosen [27]
Carried out a theoretical study to analysis thermal performance of solar water
heater with corrugated absorber surface. The thermal performance of
collector is depend on the heat transfer rate between absorber and water, and
amount of incident solar radiation. The results show that the outlet water
temperature of corrugated absorber is higher than plane surface. . H. Martin
et al. [28] Published a theoretical study of heat transfer enhancement by
using wire-coil inserts inside the water tube. The authors using TRNSYS as a
simulating tool. The methodology of numerical simulation predicts the
thermo hydraulic flow behavior of enhanced and standard tube-on-sheet solar
collectors, evaluated heat loss, friction coefficient and Nusselt number as a
function of operating parameters. The author’s conclusion is that the

efficiency increases by 4.5%.

S. Hossain et al.[29] Conducted an experimental study to enhance the
efficiency of the flat plate solar water collector by rearrange pipes. The new

arrangement is two parallel rows. It has a higher convective heat transfer

14
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between absorber and water, and more surface area exposed to solar radiation.
The new suggestion design advantages are that easy to instillation, less cost
and high thermal efficiency. The results show that the average of 75.50% for
two months and the outlet temperature of 98°C. J. Zhao [30] Published an
experimental and theoretical study to analysis the effect of the maximum
daily heat energy collected and flow rate on the daily heat energy under
conjunction the solar collector and tank. This study also proposed a simplified
formula for computing the daily heat energy collected. The results show that

the optimum flow rate is 0.005 kg/m?.s for stable daily collected heat energy.

Length side >

A

Inlet side # Outlet side

Fig. 2.2:Copper pipes arrangement inside the wood box. [30]
Z. Wang et al. [31] Carry out a review paper common solar water heater
with phase change material. This study conduct two sides, structural
characterization and research methodology. This work helps to identify the
potential research to improvement of the efficiency of the system. S. K.
Verma et al. [32] Conducted an experimental study for testing performance
of flat plate solar water collector with Mgo/ water working fluid with particle
size ~40 nm. The study included effect of mass flow rate and particle
volume fraction on the efficiency of the collector. The results show that used

Mgo/water Nano fluid increases the efficiency comparison with water

15
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as working fluid by 9.34%. K. Balaji et al. [33] Published a theoretical study
to analysis thermal performance of extended surface of absorber tubing of flat
plate solar water collector by using passive technique. This technique based
on changes the geometry of flow path of fluid. The objective of this study is
increases effective of the heat transfer coefficient with minimum pressure
drop. Two type of velocity enhancer were used in this study, then compared
work at rod and tube. The authors concluded that the rod velocity enhancer
greater than the tube velocity enhancer and the increase in efficiency are 15%
and 10% for rod and tube respectively. D. G. Gunjo et al. [34] Conducted an
experimental and theoretical study. This study investigate the effect of
inlet water temperature, ambient temperature, solar radiation, and mass flow
rate on the outlet temperature and thermal efficiency. The numerical analysis
based on (CFD) with single riser tube and absorber plate at steady state.
Thermal efficiency increases with increases water flow rate, solar radiation,

ambient temperature, while, reduces with inlet water temperature.

Deeyoko et al. [35] Published an experimental and theoretical study to
enhancement the convective heat transfer coefficient by increasing the
effective area between the heat transfer liquid and the contact surface area.
Rectangular and square fins were used to enhancement the thermal
performance of the collector. The results show that the rectangular fin gives
more energy and exergy efficiency. The rectangular fin efficiency is higher
than plain tube by 18-20% at different mass flow rates. The square fin

efficiency less than rectangular fin by 3-5%.

16
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2.4 Studies about the dual-purpose solar collectors

The new design of flat plate solar collector is used to heat air and water
simultaneously. The following researchers are students in this type. Assari et
al. [36] Design and study experimentally and theoretically of the dual solar
collector. Different tests are done to investigate dual solar collector efficiency
and outlet temperature or both fluids. Theoretical results showed a good
agreement with experimental results. The results show that the minimum flow
rate can be given highest temperature and efficiency. The air part with
triangular channel can be provide increment in efficiency and temperature
about 10% in comparison with other collector type such as V-corrugated..
Assari et al. [10] Studied an experimental and theoretical investigation
performance of dual purpose solar collector (DPSC). Two fluids are flow in
this collector simultaneously to product hot air and hot water. Experimental
data show that high temperature and high performance can be obtained by
using this collectors compared to single solar collectors. Effectiveness
method used to investigate thermal performance of DPSC mathematically.
Three different type of air duct are used to enhance the performance of
collector, such as rectangular fin, triangular fin and without fin. The results
shown that the rectangular fin have better performance compared with other

and heat delivery decreases as water inlet temperature increases.

J. Ma et al. [11] Published an experimental and theoretical study of
the efficiency of a dual solar collector. The system will increase annual
thermal conversion ratio of solar energy. This collector modifying from
conventional solar water heater with absorber plate fins are L-shaped to
increase the heat transfer in air heating part. The experiment results show that
the collector can be increase the temperature of 100 L by 30° C or a whole

day by using this type of solar collector. In water heating, the daily

17
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efficiency reached 50%. While the daily efficiency of air heating reached
52%. A. V. AK and P. Arun [37] Conducted a numerical simulation study
on the performance enhancement of a dual purpose solar collector integrated
with porous matrix. The simulation is carry out by ANSYS 13 software
program. The suggestion system is compared with dual solar collector
designed by M.R. Assari, et al. [10] The simulation results show that
significantly higher temperature rise is obtained for air and water streams
under various operating conditions as compared to the original system

without the porous medium.

Mohajer et al. [38] Carry out an experimental study on same
collector which design by M.R. Assari et al. [10] but in this study, The
Authors studied dray a mixture of vegetables (parsley, dill and coriander) at
constant air and water flow rates. Besides, the results were compared to the
ones obtained when an electrical heater was applied in the solar drier as an
auxiliary source for heating. The study show that the heater is used,
temperature of trays increased by 20-30 C more than case without heater, but
the heater will brings additional costs for electricity and reduce quality of
products. The system without heater can be reduce costs and space about 50%
in comparison with single purpose water or air heating. R. Venkatesh and
W. Christraj [39] conducted an experimental study to increase the
performance of solar collectors by investigate a dual-purpose solar collector.
The testing of this system included as solar water heater and solar air heater
simultaneously in two cases, with load and on load conditions. The results
show that the efficiency of solar water heater is 67.69% at mass flow rate of
0.015 kg/s, while, the efficiency of solar air heater is 85.1% at mass flow rate
of 0.0104 kg/s. The average of efficiency of multipurpose solar collector is
70%. Omid et al. [12] Published an experimental study to investigate the
performance of single and dual purpose solar collectors. The study included

18
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testing dual purpose solar collector at two different speeds of air, 2.8 and 3.2
m/s respectively. Using dual purpose solar collector decreases costs and
required space. This study showed that the efficiency of dual purpose higher
than single purpose by 3 to 5%. D. Zhang et al. [40] Studied flat plate solar
collector experimentally and theoretically with three modes: (A) air heating,
(B) water heating and (C) air-water compound heating. The mathematical
model is analysis the effect of mass flow rate on performance for air and
water heating modes. The average collector efficiency is 51.3% and 51.4%
for mode A and B respectively. In mode C, the average thermal efficiency
about 73.4%. Also, the results show that the mass flow rate effected
significantly on thermal efficiency and outlet temperature. In mode A, the air
mass flow rate between 0.02 kg/s and 0.25 kg/s is recommended and the
water mass flow rate between 0.06 kg/s and 0.08 kg/s is recommended in
mode B. T. Rajaseenivasan and K. Srithar [41] Studied dual solar collector
experimentally investigation on humidification dehumidification system. The
system consist of dual solar collector with semicircular convex and concave
shape integrated with absorber plate to create the turbulence, and packed bed
humidification dehumidification unit. The system was tested with varying the
mass flow rate of air (0.84 to 1.08 kg/min) and water (1 to 3 kg/min). The
dual purpose collector supplies the required hot water and hot air for
desalination system. In this collector, Air flows over the top surface of the
absorber plate and the water flows through the riser tubes, attached in the
bottom side of absorber plate. The heated air and water from the collector is
supplied to the humidifier, where the air gets humidified and moves towards
dehumidifier for condensation. The capacity of system distillation enhances
with the water and air temperature and flow rate of air, cold water and hot
water. The authors concluded that the maximum distillate of 15.23, 14.14,
and 12.36 kg/m2.d is collected for the concave, convex and conventional
system respectively. The total efficiency of the system increase about 68%
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with the presence of tabulators in the collector. J. Ma et al. [42] Carried out
an experimental and theoretical study to investigate dual function solar
collector (DFSC) integrated with building. The experimental study conducted
at two conditions: controlled indoor temperature and non-controlled. The
numerical results were validated with the experimental results. The
experimental show that the temperature of room can be increase by 3.43°C in
winter due to using DFSC and power consumption of 3.5 KWh when the
room temperature set at 18°C. The numerical results show that mean daily

efficiency of dual function solar collector was 44.3%.

From the above it is noticed that the most studies focused on studying
the effect of design of absorber plate or air passage or water pipes distribution
separately. In this present work, the effect of absorber plate design and water
pipes distribution were studied together. The new type of absorber plat is a
corrugated plate with zig-zag water pipes. The effect of this new type under
different weather condition and many parameters, have been studied

numerically and experimentally.
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2.5 Summary

Table 2.1 shows the summary for this chapter:

Table 2-1: Literature review summary.

Researcher name | Year | References | Collector’s type | Research type Results summary
experimental Large offset strip fins provided good results, but
Pottler et al. 2000 [13] Air heater and thg energy gained is always less than the energy
mathematical gained from the optimally spaced continuous
fins.
The porous medium increases the efficiency by
_ 25.9%.

Naphon 2005 [14] Air heater theoretical The difference between results of this study and
previous study as 18.4% and 4.3% with and
without porous respectively.

Karim & experimental The v-corrugated are 12% more efficient than

arim : he flat plate collectors.
2006 1 Air h and the flat p
Hawlader (1] I" neater mathematical The recommended flow rate for drying purposes
is 0.035 kg/m?.s.
Esen 2008 [16] Air heater experimental The double-pass increasing the heat transfer

area, therefore, increasing of efficiency.
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Mohanraj &

2009 : experimental the use of heat storage materials increases the
Chandrasekar [17] Alr heater drying time up to 4 hours a day
AIk<pina_rAgnd 2010 [18] Air heater experimental The values of first and second laws of efficiency
ocy1git were 20-82% and 8.32-44% respectively.
The theoretical approach reflects in a
experimental satisfactory way the thermal performance of the
Aoucs et al. 2011 [19] Air heater and theoretical tested prototype and the effects of its
components, primarily the absorber, on the
results achieved.
_ _ The efficiency; without thermal storage material;
Tyagi etal. 2012 [20] Air heater experimental increases with time until maximum value at
noon then it reduces and with this material.
i ental The average difference between the inlet and
. experimenta 0 -
Gonzalez etal. | 2014 : ; outlet temperatures was 40°C where the air flow
[21] Alr heater and theoretical was fixed at 0.02 kg/s. The average efficiency
was 42% and peaking at 50%.
The study showed that the efficiency difference
_ | resulted is only 3% when changing the
. experimenta installation angle of the collector.
Changetal. 12015 | [22] Alr heater | and theoretical v

The flow showed to have a positive impact on
the efficiency of the collector, especially when
the flow is small and increases gradually.
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Sun et al. 2016 [23]

Air heater

experimental
and theoretical

When the mass flow rate increases, the hydraulic
thermal efficiency will increase.

The effect of the ambient temperature on the
efficiency will increase as the flow rate
increases.

Razak et al. 2016 [24]

Air heater

experimental
and theoretical

The matrix air collectors have the most potential
for improvement and are more efficient than the
other types of collectors.

The performance of the matrix collector is
strongly affected by several factors such as the
matrix porosity, geometry, thickness, surface
area density.

Daliran and

Ajabshirchi | 9% |  [25]

Air heater

experimental
and theoretical

The fins reduced the Nusselt number from 19.67
to 16.23, increased the heat transfer coefficient
between the absorber plate and the air.
Experimental efficiency is found to be 30% for
the fin-free collector and 51% for the finned
collector

Chabane &
Sekseff 2018 [1]

Air heater

experimental

Adding the second glass layer was effective in
reducing the thermal losses.
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The indoor testing resulted from the study
showed an energy and exergy efficiencies range
from 30% to 79% and from 8% to 61%

Fudholi and experimental i
_ 2019 : ! respectively.
Sopian [26] Alr heater and theoretical The outdoor testing (for drying applications)
showed an energy and exergy efficiencies range
from 28% to 62% and from 30% to 57%
respectively.
Kumar and Rosen | 2010 27] Water heater theoretical The outlet water temperature of corrugated
absorber higher than plane surface.
Martin et al. 2011 28] \Water heater theoretical The author’s conclusion that the efficiency
increases by 4.5%.
The new suggestion design advantages are that
_ _ easy to instillation, less cost and high thermal
Hossain et al. 2014 [29] Water heater experimental efficiency.
The average of 75.50% for two months and the
outlet temperature of 98°C.
experimental The opti fl b ka/m2.s f
Zhao et al. 2014 ; e optimum flow rate by 0.005 kg/m-.s for
[30] Water heater { and theoretical stable daily collected heat energy.
Wang et al. 2015 [31] \Water heater experimental This work help identify the potential research to
improvement of the efficiency of the system.
_ Used Mgo/water Nano fluid increases the
Verma et al. 2016 [32] Water heater | experimental efficiency comparison with water as working

fluid by 9.34%.
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The rod velocity enhancer greater than the tube

K. Balajiaetal. | 2017 [33] Water heater theoretical velocity enhancer and the increase in efficiency
are 15% and 10% for rod and tube respectively.
Gunio. Mahant ) tal Thermal efficiency increases with increases
unjo, vViananta, experimenta fl t lar radiation. ambient
i 2017 \ water flow rate, solar radiation, ambie
and Robi [34] Water heater { and theoretical temperature, while, reduces with inlet water
temperature.
The rectangular fin gives more energy and
Anto J " i ental exergy efficiency.
nto JOSep experimenta Th t lar fin effici is hiaher th
2019 \ e rectangular fin efficiency is higher than
Deeyoko et al. [3°] Water heater | and theoretical plain tube by 18-20% at different mass flow
rates. The square fin efficiency less than
rectangular fin by 3-5%.
experimentally o _ _
Assari, etal. | 2007 [36] Dual-purpose and The minimum flow rate can be given highest
theoretically temperature and efficiency.
High temperature and high performance can be
ental obtained by using this collectors compared to
- experimenta single solar collectors.

the rectangular fin have better performance
compared with other and heat delivery decreases
as water inlet temperature increases
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Ma et al.

2011

[11]

Dual-purpose

experimental
and theoretical

The collector can be increase the temperature of
100 L by 30° C or a whole day.

In water heating, the daily efficiency reached
50%. While the daily efficiency of air heating
reached 52%.

AK and Arun

2013

[37]

Dual-purpose

theoretical

Significantly higher temperature rise is obtained
for air and water streams under various
operating conditions as compared to the original
system without the porous medium.

Mohajer et al.

2013

[38]

Dual-purpose

experimental

When the heater is used, temperature of trays
increased by 20-30 C more than case without
heater, but the heater will brings additional costs
for electricity and reduce quality of products.

Venkatesh and
Christraj

2013

[39]

Dual-purpose

experimental

The efficiency of solar water heater is 67.69% at
mass flow rate of 0.015 kg/s, while, the
efficiency of solar air heater is 85.1% at mass
flow rate of 0.0104 kg/s.

The average of efficiency of multipurpose solar
collector is 70%.

Omid et al.

2014

[12]

Dual-purpose

experimental

Using dual purpose solar collector decreases
costs and required space.

the efficiency of dual purpose higher than single
purpose by 3 to 5%
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CHAPTER TWO
—— e Inmode A, the air mass flow rate between 0.02
€xperimenta kg/s and 0.25 kg/s is recommended and the
Zhang et al. 2010 [40] Dual-purpose | and theoretical w%ter mass flovg rate between 0.06 kg/s and
0.08 kg/s is recommended in mode B.
e The highest distillate of 15.23, 14.14, and
Raiaseenivasan 12.36 kg/m2.d is collected for the concave.
ajm d Srithar 2017 [41] Dual-purpose experimental e The total efficiency of the system increase
about 68% with the presence of tabulators in
the collector.
—— e The temperature of room can be increase by
experimenta 0 in wi -
Ma et al. 2018 [42] Dual-purpose andptheoretical 3.43°C in winter due to using DFSC and power

consumption of 3.5 KWh when the room
temperature set at 18°C.
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CHAPTER THREE

NUMERICAL SIMULATION

3.1 Comsol introduction

In this chapter, three dimensional heat transfer and unsteady
incompressible flow have been solved by using COMSOL Multiphysics 5.5.
The absorber plate, water outlet temperature, air outlet temperature, and glass
cover temperature can found by COMSOL Multiphysics software. This
software program was solved the different parameters by finite element

method and many applied problems.

Simulation of computers has been become an integral aspect of
research and engineering. In particular, digital component analysis is critical
when designing new technologies or optimizing designs. A wide range of
simulation solutions is available nowadays; researchers use everything from
basic programming languages to numerous high-level modules that
incorporate specialized methods. Although each of these strategies has its

own distinctive characteristics, they all share a similar concern[43]

COMSOL Multiphysics is an integrated environment for solving time
dependent or stationary second order processes in one, two, and three
dimensional partial differential equations. It is a scalable framework where
even beginner users can model all related physical aspects of their designs.
Professional users can go further and use their experience to create tailor-
made approaches that are specific to their particular situations. COMSOL

needs that each form of simulation included in the kit should be capable of
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being paired with each other. Currently, this stringent criterion mirrors what
IS happening in the real world.[43]

3.2 Building of model

In table 3.1 shows the parameters, symbols and dimensions of model
that used in building the model in COMSOL environmental. The domain was
divided into several parts, defined each part of its location in the system.

Table 3-1 Description, symbol and dimensional of model.

Description symbol Expression
pipe Radius R_w 7[mm]
Curve pipe Radius R_m 12.5 [cm]
Width of collector W 100 [cm]
Height of collector H 12.6 [cm]
Thickness of glass tg 0.6 [cm]
Length of collector L 200 [cm]
height of water pipe h p 5[cm]
First pipe length L1 85 [cm]
Second pipe Length L2 70[cm]
step in x- axis X_s 25 [cm]

29



CHAPTER THREE NUMERICAL SIMULATION

3.3 Properties of the material used
I.  Water pipe domain made from copper. In twisted pipes and divided to

7 parts.

Fig. 3.1: Water pipe domain.

1.  Absorber plate domain made from aluminum.

Fig. 3.2: Absorber plate domain.
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ili.  Airdomain
2
cm
100
150
200
5 10
cm
Ly 0
0 50 100
Fig. 3.3: Air domain.
iv. Glass domain
2

0 50 100

Fig. 3.4: Glass domain.

31



CHAPTER THREE NUMERICAL SIMULATION

3.4 Physics of study

After defining the material that used in each part of the model, physics
of model simulation are added according to the actual behavior. The model is
exposed to several physics according to the assumptions that were adopted in
simulation, laminar flow physics was chosen in the air and water domains.
Physics of heat transfer was added to the model, the boundary conditions
were defined for each domain as well as the initial values for the different
inputs. The solar irradiance that hits on the collector surface was defined as

heat flux.

3.5 Mesh generation

For complex geometries, high-quality unstructured mesh generation
forms a major part of numerical simulation in different applications. Several
mesh generating algorithms for complex 2D/3D domains were proposed and
implemented successfully to solve various complex problems [44]. The type
of mesh it was default type .It is well known that numerical methods accuracy
and convergence depend on the shape and size of the mesh components as

shown in figure 3.5.[45]

0

200

Fig. 3.5:Mesh generation.
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3.6 Steps of numerical solution

Numerical solution is done by two parts; the first one; - by using
computational fluid dynamics equations, eq. (3-1), (3-2), (3-3), (3-4) and (3-

5). This equations are solved by using software program to calculate the

absorber plate temperature (Tpm), water outlet temperature (T_w,), air outlet

temperature (T_a,). This calculations are depend on solar radiation (G), water
inlet temperature (T_wi), ambient temperature (T _amb) and wind velocity

(V).

All this input data are variable with time of Muthanna City/ Iraqg.
Where (G), T_wi, T_amb and V) values are taken from experiment data of

present work.

The second one: - after found calculations of (Tpm, T_w, and T_a,)

from numerical solution, now using equations (3-6), (3-7) and (3-8) to

determine the thermal efficiency of collector mathematically.

Figure (3.6) below showing procedure of solution by COMSOL

program.
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Set up model environment

\ 4

Create geometric objects

A

Specify materials properties

Define physics boundary
condition

a

\ 4

Create the mesh

A 4

Run simulation

A 4
Convergence?

|
Yes

b 4

Results

Fig. 3.6: Simulation methodology.
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3.7 Assumption of model

The following assumptions are adopted in the proposed model simulation

process:.

1- The dual purpose solar thermal collector (DPSC) is 3-D unsteady flow.
2- There is no heat dissipation in the back and side surface.

3- Water flow in the pipes is laminar.

4- Air flow in the channels is laminar.

5- Radiation and conduction in the water pipes and air channels are

assume negligible.
3.8 Mathematical of dual purpose solar collector (DPSC)

The equations using in the fluid flow is incompressible Navier-Stokes

equations. The governing equations of modelled:

3.8.1 Covering equations

1- Mass Conversation Equation
9p  Ou 9p  Ou 9p , Ou 9 _ -
6t+6xp+u6x+ayp+v6y+6zp+waz_0 (3-1)
Where p is fluid density (kgm=), u is velocity vector (ms™).

2- Momentum conservation equation

a- X- direction momentum equation

ou ou ou ou 10P 0%u . 9%*u , 9%u

E+ua+v5+wa—z— —;a+ 'u(ax2+6y2+622) (3-2)
b- Y- direction momentum equation

ou v 1 aP

GruntvEwii= SO uGEtiits (39
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c- Z- direction momentum equation

ou ow ow ow 1 0P 0°w . 0*w
E+ua+v5+W£——;£ 'u(axz-l_ayz
3- Energy conservation equation
oT oT a%T
U= Yoz

4- (DPSC) efficiency
qu = &MsCp g (Tym — Tri)

_ My Cpp(Tra=Tr1y  (Tra—Tp1)

& = =
f my Cp.f(Tym—Tf1) (Tpm~=TF1)

. qu

 Aplr

Y]

3.8.2 Boundary condition

The boundary conditions are listed below:

i. Inlet water: u=0, v=0, w=wi, T=T_wi.

Inlet air: u=0, v=0, w=wi, T=T_amb.
Outlet water: u=u_out, w=w_out, T=T_out.
Outlet air: u=u_out, w=w_out, T=T_out.
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CHAPTER FOUR

EXPERIMENTAL WORK

4.1 Introduction

In this chapter, the experimental work will be explained. This section
will be divided into three parts: the first part illustrates the construction,
material and parts of solar flat plate collector, the second part elucidates
measurements tools and the third part shows the rig specification and

experimental procedure.

4.2 Experimental rig

The dual purpose solar collector system consist of several devices to
conduct certain functions. The main part of the system is a dual purpose solar
flat plate collector (DPSC). The water tank that is placed besides the
collector. Electric air fan that is pulls the air through the channels. An electric
pump using to circulating water inside the system. The flowmeter is installed
after the water pump to control the water flow rate and it is controlled by
valves. The supply and return water pipe are connected between water tank
and collector. Figure 4.1 showed a photo for the dual purpose solar collector

system with measurement devices.
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Fig. 4.1:Photo for DPSC system with measurment devices.

4.2.1 Dual purpose solar collector

The dual-purpose solar is easy to manufacturing from materials made
available locally, cheap and require less maintenance than other type. The
modification type used to supply hot water and hot air simultaneously. It is
power unit in the system. By using solar collector, the solar energy is
transformed into heat energy and passed to the working fluid. Figure 4.3

showed the essential parts of dual-purpose solar flat plate collector.
Outlet water

—> r
—>
Inlet air — ]
]—» Outlet air
—
—>
\ y. \ y. \ y.
Inlet water

Fig. 4.2 Cross section of DPSC.
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Temperature sensors

.
Water pump
> —
A o
_ | @ |
Flowmeter ", 4
| —~—

Fig. 4.3: Schametic of experimental rig.

a) Glass cover
Glass is commonly used to cover solar collectors as short-wave
solar radiation can be absorbed high range from solar irradiance. The
thickness of the glass used, is 3 mm and has very high transparency.
The glass also isolates the absorption plate from the surrounding air,
thereby reducing losses by convection heat transfer. Another function
of the glass is to prevent dust from entering the absorption plate from

the outer circumference.
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b) Absorber Plate

The absorber is the essential element of the collector, protected
by the bottom insulation with the top edges lined with glass. It converts
the absorbed solar radiation through the glass cover into heat energy.
Often the absorption plate is made of metal that has a high ability to
absorb the largest amount of radiation and transferred to water pipes
and air channels, such as aluminum. Absorber plate that used was
corrugated with dimensions (2*1*0.1) m. It is painted with a black
paint to improve absorption solar radiation. Figure 4.3 shows the

absorber plate.

|« 0.94m »

Fig. 4.4: Absorber plate.

Water pipe

The water pipe that use, is arranged in zig-zag shape. It is made
from copper because it has high activity of heat transfer between
absorber plate and water pipes. The absorption plate is perforated by
transverse size of the tube diameter with small clearance to allow the
pipeline to enter through it. Water pipe have two ports, input and

output.
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d) Insulation
The insulating material is mounted at the collector's back and
sides. It decreases the losses from collector to surrounding. The thermal
insulation that used is fiber glass with thermal conductivity of ().
e) Casing or Container
In order to keep the collector from dirt and moisture in a
container. The container is made of wood with a thickness of 2.5 cm.
The container is covered with glass wool insulation with thickness of 2

cm from all sides. Figure 4.4 showed the casing of collector.

e

s

Fig. 4.5: Casing.

Table 4.1 shows the specifications of the dual-purpose flat-plate solar
collector.
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Table 4-1: Specifications of dual purpose flat plate solar collector.

Specification Details
Dimension of collector (200x100x12) cm
Glass cover thickness 0.32cm
Aluminum Absorber plate thickness 0.1cm
Dimensions of triangles face in the absorber plate (14x12x12) cm
Tilt angle 25
Copper water pipe diameter lcm
Space between the twisted pipes 25cm
Total water pipe length 750 cm
Glass wool insulation thickness 2.5¢cm

4.2.2 Water pump

The electric water pump is located at the side of the system, between
the water storage tank and the solar collector. Used to circulate the water
from the water tank to the solar collector in closed system. Table 4.2 showed

electric pump specifications.

Table 4-2: The specification of the water pump.

Data \ Q max Power
V Hz A Lit/min W
220 50 0.75 2500 rpm 15 160
4.2.3 Fan

Air pull fan fixed on port of exit air to pull air through collector as
clear in figure 4.5. Table 4.3 showed the specification of fan.
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Fig. 4.6: Fan.
Table 4-3 :The specification of fan.
Data Power
Vv Hz A N W
220-240 50 0.2 500 rpm 30

4.3 The measurement devices
In order to measure these parameters, measuring devices were used,

which are described in detail below:

4.3.1 Data loggers
Two data logger with the specification as follows were used:

+¢+ 8-channel temperature data loggers V2 module HC-02.
s Its dimensions are 98mmx82mm x30mm.
++ Can be controlled from a Computer by command control.
¢ Run on power supplied from USP source.
This device used to show the temperature value measured for each of
the 8 attached sensors as Illustrated in figure (4.6). Temperature range to be
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measured from (- 55 °C to 125 °C) with a max error £ 0.5 ° C. for these

experiments, two devices were used.

J

2R b N

Fig. 4.7: Data logger.

4.3.2 Temperature sensors

To measuring temperature at deferent places in the system, seventeen
temperature sensors K type were used (fig. 4.7). This sensors connected to
data logger to recording temperature reading. Sensors have been distributed

as follows:

e Nine sensors fixed in air passage inside the collector.
e Two sensors fixed on the absorber plate surface.

e Two sensors at the inlet and outlet of the water.

e One sensor fixed on the glass surface.

e One sensor in port of outlet air.

e One sensor inside water storage tank.

e One sensor to measured ambient temperature.
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Fig. 4.8: Temperature sensors.

4.3.3 Solar power meter
Protek model DM-301 shown in figure (4.8) was used to measure solar

irradiance incidence, that device consists of the solar cell (solar panel) and an
ohmmeter to measure solar cell DC voltage in m installed at 200 m volt-2000

m volt and converted to solar irradiance w / m2, calibration of the device

shown in Appendix (A).
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Fig. 4.9: Solar power meter.

4.3.4 Anemometer
Wind speed was measured with anemometer (HT-81). The measured
range from 0.1 to 10 m/s, an error = 0.1. As clear in figure 4.9.
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&= @B

Fig. 4.10: Anemometer.

4.3.5 Water flow meter

Water flow meter is used in the water cycle to control the water flow
rate through the collector. The flow meter is used for various ranges from 16

to 160 L/h an error £ 5 % as shown in figure 4.10.

Fig. 4.11: Water flow meter.
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CHAPTER FIVE
RESULTS AND DISCUSSION

5.1 Introduction

This chapter includes showed and analyzing the experimental and
numerical results. Experiments were recorded in Al-Muthanna city, Iraq in
(June and July), (2020). The study presents the effect of many parameters on
the efficiency of DPSC system such as ambient temperature, water volumetric
flow rate and solar radiation. All numerical results were performed by using
COMSOL Multiphysics ver. 5.5 program.

5.2 Numerical simulation results

5.2.1 Validation of model

In order to verify accuracy of the numerical results that are achieved
by using COMSOL program, the results were compared with previous study
and present experimental results. A comparison between the experimental
work of Omid et al. [12] with the present numerical work. Their results of
Omid [12] for the DPSFC has specification as follow: dual purpose flat plat
collector, the dimension of absorber plate was (1.94*0.94*0.01)m, inline
water pipes with 0.7 cm diameter, air triangular fins was bolded below
absorber plate with angle of 60°. The results of the comparison show that the
present model of present work have enhancement in performance of dual
purpose solar collector comparison with that of experimental works of Omid

[12] as shown in figure 5.1.

Figure 5.1 shows the experimental results of the efficiency for Omid
[12] and the results of present work. Noticed the results of present work

improved the efficiency at rate of 2.4% comparison with previous work.
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65

Thermal efficiency (%)

60 - — =1 Omid[12] .
—® —n_present work
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Time (h)

Fig. 5.1: Comparison between experimental results of Omid [12] with
numerical results of present work of efficiency.

Notice: in all numerical results which studied the effect of
ambient temperature, solar radiation, wind speed, inlet water temperature and
water volume flow rate, the input data used in the simulation for (20/6/2020)

obtained from experimental data for present work.
5.2.2 Effect of ambient temperature

The study of effect of variation ambient temperature on DPSC
performance were carried out with the other parameters remain same at in
each cases to find out real effect of ambient temperature only. The study
includes five cases of ambient temperature (15, 25, 35, 45 and 55)°C. The

results show that the outlet water and air temperature increases with the
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ambient temperature increases as shown on figure 5.2. The outlet water
temperature was (64.44, 65.85, 67.38, 68.80 and 70.18)°C for cases with
ambient temperature at (15, 25, 35, 45 and 55) °C respectively with increment
rate of outlet water temperature (1.4) °C for every (10) °C ambient
temperature increases with the other parameters remains constant. The outlet

air temperature was (73, 79.6, 83.2, 88.5 and 90.1) °C for (15, 25, 35, 45 and
55)°C respectively.

90 - .
x"‘lr_ i
P
85 - ra
< Py
g 80 j /.///
N i
s . —=— Tw_out
2,75 i —e— Ta out
5 o«
=
70
65
! I ! I ! I ! I ! |
10 20 30 40 50 60

Ambient Temp. (°C)

Fig. 5.2: Variation of outlet temperature with ambient temperature variation.
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5.2.3 Effect of solar irradiance

Solar irradiance is a source of heat in solar collectors systems, the
performance of this system depend mainly on it, so, the effect of variation of
solar radiation was studded in this section. The effect of variation studied at
(300, 500, 800 and 1100) W/m? with the other parameters ambient
temperature, inlet water temperature, and outlet air speed are constant, as
shown in figure 5.3. The outlet temperature increases with solar irradiance
increases, it was (52.9, 56.64, 62.4 and 68.61) °C for (300, 500, 800 and
1100) W/m? respectively for water and (57.6, 65.89, 78.36 and 83.2) °C for
(300, 500, 800 and 1100) W/m? respectively for air.

95 -
90 i
85 i
80 i e
75

70 -

65 | ) /.//, /.
60 - o el
¢ / —=— Tw_out

351 _— —e— Ta_out

Temperature (°C)

50 T T T T y T d T ' |

200 400 600 800 1000 1200
Solar irradiance (W/m?)

Fig. 5.3: Variation of outlet temperature with variation of solar irradiance.
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5.2.4 Effect of outlet air velocity

The air was pulled from the upper collector by fan air to pull the air
through inside the collector. The air velocity effect on rate of heat transfer
between working fluid and absorbation part. In this section, the variation of
outlet air velocity was conducted at (0.5, 1, 1.5 and 2) m/s. figure 5.4 shows
that the outlet temperature decreases with outlet air velocity increases. The
results of outlet water temperature was (68.8, 65.55, 63.35 and 61.75) °C for
(0.5, 1, 1.5 and 2) m/s respectively, and outlet air temperature was (84.4,
78.5, 73.5 and 69.04) °C for (0.5, 1, 1.5 and 2) m/s respectively.
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5.2.5 Effect of inlet water temperature

In closed solar collector systems, as this present work, the inlet water
temperature increase gradually. In this study the effect of inlet water
temperature was illustrated how it effected on performance of dual-purpose
solar collector for four cases. Figure 5.5 shown that the outlet water
temperature increases as inlet water temperature increases with high rate of
solar radiation while the outlet water temperature was increase with solar
radiation increase until a certain limit, then it will decreases due to low solar
radiation rate, therefore, absorber plate temperature will decreases gradually
and the heat will transfer from water to absorber surface and air flowing. The
values of outlet water temperature was (46.93, 55.01, 65.55 and 71.29) °C for
water, and (73.97, 76.78, 80.4 and 82.34) °C for air, for (25, 35, 45 and 55) °C

inlet water temperature.
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Fig. 5.5: Variation of outlet temperature with varaition of inlet water temperature.
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5.2.6 Effect of water volume flow rate

In this section, the effect of four different water volume flow rate was
studied. The ranges were (40, 60, 80 and 100) L/h. the water volume flow rate
Is effecting directly on the heat transfer between water flowing and
absorbation part. Figure 5.6 shown that when the water volume flow rate
increases the outlet temperature decreases. The values of outlet temperature
was (76.62, 68.61, 64.211, 64) °C in water part and (88.1, 86.9, 84.8 and 84.7)
°C 1n air part for (40, 60, 80, and 100) L/h respectively.

From above, it was illustrated that the variation in water part higher than
variation in air part because the air don’t effected mainly by volume flow rate
change as water part. The temperature difference between maximum and
minimum values of outlet temperature was (12.4 and 5.9) °C for water and air

parts respectively.
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Fig. 5.6: Variation of outlet temperature with variation water volume flow
rate.
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5.2.7 Results of winter simulation days

After validated the accuracy of simulation model, winter days simulated
in order to know the performance of dual purpose solar collector. The input
data was taken from weather station in Engineering Technical College/Najaf.
The water inlet temperature assumed constant in each hour simulation as well
as open system. The time of run was start from 8:00 to 18:00 with step time 1
hour on 30/12/2019 and 18/2/2020.

Figures (5.7 to 5.9) shown the solar irradiance, ambient temperature and

wind speed for both days of simulation.
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Fig. 5.7: Solar irradiance for simulation days.
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Figures (5.10 & 5.11) showed that the outlet temperature for water and
air parts with accepted rates of outlet temperature. The maximum outlet water
temperature was 40.3 °C recorded on 18/2/2020 due to Haigh range of solar
irradiance in this day. While the maximum outlet air temperature was 46.9 °C
recorded on 30/12/20109.
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Fig. 5.10: Outlet water temperature for simulation days.
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Fig. 5.11: Qutlet air temperature for simulation days.

The maximum outlet air temperature recorded on 30/12/2019 although
another day have higher rate of solar irradiance, but the ambient temperature
for 30/12/2019 higher than 18/2/2020, whereas the outlet air temperature
increase with the ambient temperature increase. Also the wind speed in
18/2/2020 higher than 30/12/2019 and the outlet air temperature decrease

with wind speed increase.

5.2.8 Temperature distribution study

Figures (5.12 & 5.13) shown the temperature distribution inside the
DPSC system included that: absorber plate surface, water pipes and air
channel. The temperature distribution was at two days of experiments days,
19/6/2020 and 2/7/2020 at time (10:00, 12:00, 14:00 and 16:00) to clear who

the heating distribution varying with the time.
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Fig. 5.12: Temperature contour 19/6/2020.

From above figure it is noticed that the maximum rang of temperature at
hour 12:00, and it increases gradually where the low rate at interring port and
higher rate at the exit port, but the temperature decreases at center due to high

air velocity that is product from the fan.
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Fig. 5.13: Temperature contour 2/7/2020.
Figure 5.13 showing the temperature distribution for 2/7/2020 at four

different time. The varying of distribution is same rate at figure 5.12 but in

this day the average of temperature higher than previous section.
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5.3 Experimental results

5.3.1 Comparison between experimental and numerical results of
present work

Numerical study was carried out with the same weather conditions in
which the experimental study conducted. Figures (5.14 to 5.17) clear a
comparison between the experimental and numerical results of outlet water
and air temperature for present work for two days at different water mass
flow rate. Noticed a good agreement between experimental and numerical

results.

— Error =5.78%

55 L ~ : |

T
&

5 0 A f,’ ‘\\ i
45

40 / — Ta_out_num. (degC) \“‘\.‘\_n H
35l / — Ta_out_exp (degC) :

Outlet Temperature (degC)

8 10 12 14 16 18
Time (h)
Fig. 5.14: Comparison between experimental and numerical results of
present work of outlet air temperature, (19/6/2020).
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Fig. 5.15: Comparison between experimental and numerical results of
present work of outlet water temperature, (19/6/2020).
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Fig. 5.16: Comparison between experimental and numerical results of
present work of outlet air temperature, (2/7/2020).
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Fig. 5.17: comparison between experimental and numerical results of
present work of outlet water temperature, (2/7/2020).

By using Root mean Square Error equation (RMSE) [46], the average
error between experimental and numerical simulation results. The formula of
RMSE equation is:

1
RMSE = \/;Z?=1(ynum. - yexp.)z

The average error was 4.72%.
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5.3.2 The effect of weather condition

One of the aims of this study was studying the effect of the weather
conditions on the performance of the DPSC, so, three different days were
selected to carry out these study, which on 18-20/6/2020 at same volume flow
rate, it which (60 I/h). The amount of solar radiation, wind speed and ambient
temperature were measured by using devices calibrated each 15 minutes from
8:00 am to 6:00 pm at all experiments day. The solar meter fixed at the same
tilt angle of collector slop to reading real amount of solar radiation that fell on
the collector surface. Figures (5.18 to 5.20) Shows the solar radiation,

ambient temperature and wind speed for each experiments days.
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Fig. 5.18: Hourly variation in solar irradiance during testing days.

64



CHAPTER FIVE RESUL TS AND DISCUSSION

48
S 481
=
£ 44
=
N
=
L
S 42 -
=
< 4
o = 18/6/2020
40~ — e 19/6/2020
A 20/6/2020
BT T T T

—
o8 09 10 11 12 13 14 15 16 17 18 19
Time (h)

Fig. 5.20: Hourly variation in amient temperature during testing days.

2.5 4
. —=— 18/6/2020
/\\ —e— 19/6/2020
— il \ —A—20/6/2020
7] \
£
HS‘LS—
[-P]
3]
(=9
7]
-~ 1.0 -
R
=
0.5 4
0.0 4

I 681 Ob I10 11 12 13 1; I15 16 17 18 19
Time (h)
Fig. 5.19: Hourly variation in wind speed during testing days.
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Figures 5.21 and 5.22 shows hourly variation of water and air outlet
temperature during days of test. There is a remarkable increment in water
outlet temperature rate on June 19, 2020 comparison with others days because
this day have higher average of solar radiation, while the Ty ou in June 18, 20,
2020 was convergence approximately due to convergence the average of solar
radiation. The maximum values of T, o for three tested days was 66.8 °C,
69.9 °C and 65.6 °C respectively on June 18, 19, 20, 2020. At the other side,
the Air outlet temperature also variation with same average of Ty, o, and the
highest T out recorded on June 19, 2020. The maximum values of T, out Was
76.3°C, 79.2 °C and 77.1 °C for June 18, 19 and 20, 2020 respectively.
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Fig. 5.21: Hourly variation of water outlet temperature during testing days.
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Figure 5.23 and 5.24 shown the daily variation of useful heat that
calculated for water and air parts for testing days. The useful heat is amount
of heat using to heating working fluid in each DPSC parts. The variation rate
depends on solar radiation falling on the absorbent part. The highest values of
useful energy for water parts was 773.3 W, 933.2 W and 788.2 W on June 18,
19 and 20, 2020 respectively, and for air part was 584.6 W, 706.5 Wand
621.3W on 18, 19 and 20 respectively. This values illustrated the effect of

solar radiation on the useful heat, it increases with solar radiation increases.
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Fig. 5.23: Hourly variation of useful energy for air part for testing days.
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Figure 5.25 clear the hourly variation of the thermal efficiency of
DPSC for different testing days. The efficiency was calculated for June 18, 19
and 20, 2020. The maximum values of efficiency was 77.3%, 78%, 76.7% on
June 18, 19 and 20, 2020 respectively.
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Fig. 5.25: Hourly variation of efficiency for testing days.

The maximum value of efficiency recorded on June 19, 2020 because
that this day have higher value of useful energy. The testing days recorded
convergence amount of solar radiation and useful energy with low increment
on June 19. The average of efficiency of test days with water volume flow
rate (60l/h) was 52.02%, 60.49% and 57% on June 18, 19 and 20, 2020

respectively.
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5.3.3 Temperature differences results

The difference rate of water and air temperature is depend on the flow
rate of working fluid to allowable the heat transfer from absorber plate to
working fluid beside to another parameters. Figure 5.26 shows that
temperature difference between entrances and excite water at different water
volume flow rate (40, 60 and 80) I/h, on consecutive days to keep same
weather conditions approximately. It is noticed from figure 5.26 clearly that
the maximum water temperature difference can get with water volume flow
rate (40 1/h) in duration from (10:00 to 11:30), it was (3.7 °C). The air
temperature difference was studied at (0.5, 1 and 1.5) m/s air velocity at
same water volume flow rate. Figure 5.27 shows that the maximum difference
was (17.8 °C) for 0.5 m/s.
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Fig. 5.26: Water temperature difference.
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5.3.4 The efficiency of collector

Figure 5.28 clear that the hourly efficiency of (40, 60 and 80) L/h
volume flow rate that was studied at time interval from (8:00 to 18:00) with
convergent weather conditions. The total efficiency of collector was produced
from summing water and air parts efficiency. The maximum efficiency
recorded with (40 L/h) volume flow rate with convergence with the efficiency
of other range of volume flow rate The maximum values of efficiency
recorded was (83.3, 80.4 and 78.5) % for (40, 60 and 80) L/h respectively.
The total average of DPSC efficiency was (53.35, 49.71 and 47.4) % for (40,
60 and 80) L/h respectively by using equation (3-8).
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

The aim of this research is to studying the effect of solar radiation,
ambient temperature, outlet air velocity, volumetric flow rate and inlet water
temperature on the performance of dual purpose solar collector with new
design of absorber plate. The study include numerical and experimental
analyses with different volumetric flow rate (40, 60 and 80) L/h. numerical
simulation was done by using COMSOL Multiphysics software program

ver.5.5. In this chapter, the conclusions and recommendations was illustrated.

6.1 The conclusion

The following topics were conducted from this study:

1- A good agreement has been achieved between experimental and
simulation results, it was 4.6% of mean error.

2- The outlet temperature (water and air) increases as the ambient
temperature rise. The outlet water and air temperature have been recorded
(64.44, 65.85, 67.38, 68.80 and 70.18)°C and (73, 79.60, 83.2, 88.5 and
90.1) °C for ambient temperature (15, 25, 35, 45 and 55)°C respectively.

3- The DPSFC evaluation of the effects of air velocity on the collector
efficiency was included; they were tested at four variable air velocity (0.5,
1,1.5and 2) m/s.

4- The outlet temperature decreases with outlet air velocity increases. The
results of outlet water temperature was (68.8, 65.55, 63.35 and 61.75) °C
for (0.5, 1, 1.5 and 2) m/s respectively, and outlet air temperature was
(84.4,78.5, 73.5 and 69.04) °C for (0.5, 1, 1.5 and 2) m/s respectively.

5- There was interest in observing the effect of water volume flow rate,
when the volume flow rate of water increases (40, 60, 80, and 100) L/h,
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the outlet temperature decreases. The water outlet temperatures were
(76.62, 68.61, 64.211, 64) °C and air outlet temperatures were (88.1, 86.9,
84.8 and 84.7) °C respectively.

6- The experimental and simulated results show that maximum efficiency
can be achieved with 40 L/h volume flow rate of water. The maximum
values of efficiency recorded was (83.3, 80.4 and 78.5) % for (40, 60 and
80) L/h respectively.

6.2 The recommendations
After this study, the authors have recommendations for the future work:

1- Study the different effect of weather conditions with new design of
absorber plate.

2- For more efficient from solar radiation, tracing system, concentrating
system and multi-layer glass cover can uses.

3- Studying the effect of add obstacles in air passage to increases the

effectiveness of heat transfer.
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Appendix (A)

The calibration of Instruments used in the experiments

A.1 Calibration of solar collector meter:

Figure (A.1) represents the solar irradiance meter calibration. In the faculty
of technical engineering / Najaf, the solar meter is calibrated with the solar
energy research station. The data were collected for every thirty minutes
between 9:00 AM and 3:00 PM.

600

500 4‘/‘

400 /

E 300 /

2 /
200
y=1.2208x- 7.895

100 R*=0.9949

0 100 200 300 400 500
mVolt

Fig. A.1: Calibration of solar radiation meter.

A.2 Flow rate meter calibrate method

The volumetric rate device is adjusted utilizing cylindrical graduated glass
vessels and stopwatch. The section below displays the calibration measures with
test results. The calibrator time weight method used to calibrate the volume

flow meter with a stopwatch and graduated glass vessel, the calibration is done
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by flowing the water through a flow meter at different flow rates and at the same
time measuring the flow time required by volume by the pail to fill the correct

amount of working fluid.

Samples of volume flow meter calibration

The reading of volumetric flow rate of flow rate meter =1 liter/min
Inspection no (1):

Monitoring time = for one minute

Water discharge in graduate vessel = 0.97liter/min.
Inspection no (2):

Monitoring time = for one minute

Water discharge in graduate vessel = 0.966 liter/min.
Inspection no (3):

Monitoring time = for one minute

Water discharge in graduate vessel = 0.954liter/minute
Inspection no (4):

Monitoring time = for one minute

Water discharge in graduate vessel = 0.994 liter/minute.

The average of volumetric flow rates

V= (Vi+Va+vs+va)/4= (0.994+0.954+0.966+0.97)/4= 0.971 liter/minute the error

of the volume flow meter = 1- 0.971 =0.029 liter/minute

1-0.029

% Error= X 100=2.9%
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A.3 Calibration of temperature sensors of 8- channel data logger

and 4K type thermocouples with digital thermometers:
The two sets of sensors (S1 — S8) °C, (59-S16) °C for two 8- channel data

loggers and four thermocouples (T1-T4) °C for digital thermometer are

calibrated by using a mercury thermometer. The calibration results were

recorded in the tables (A-1), (A-2) and (A-3).

Table A.1: Calibration results of first 8- channels data logger with 8 sensors.

Mercury
S Sl° | S2°c |S3°|S4°c|S5°c|S6°c|S7°c|S8°
oc deeg. | deeg | deeg | deeg | deeg | deeg | deeg | deeg
20 204 | 204 | 203 | 19.8 | 19.7 | 20.3 | 20.4 | 19.6
25 255 | 254 | 246 | 24.7 | 254 | 253 | 254 | 24.7
30 304 | 30.3 | 305 | 29.7 | 304 | 30.3 | 304 | 29.6
35 354 | 354 | 353|354 | 346 | 354 | 35.2 | 34.7
40 40.3 | 40.2 | 40.2 | 40.2 | 39.9 | 39.8 | 40.2 | 40.3
45 452 | 454 | 447 | 446 | 452 | 452 | 453 | 44.9
50 50.3 | 50.4 | 496 | 49.7 | 50.1 | 50 | 50.3 | 50.2
55 554 | 55.3 | 546 | 55.1 | 55.3 | 54.6 | 55.2 | 55.3
60 60.3 | 604 | 60.3 | 60.1 | 59.7 | 60.2 | 60.2 | 60.2
65 645 | 654 | 645 | 645 | 655 | 64.6 | 64.8 | 64.6
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Table A.2: Calibration results of second 8- channels data logger with 8 sensors.

S 15

Mercury S9 |S10|S11|S12|S13|S14| °c | S16
Thermometer | °C °C °C °C °C “C °C
deeg deeg. | deeg. | deeg. | deeg. | deeg. | deeg. | deeg. | deeg.
20 204 | 194 | 204 | 19.8 | 20.4 | 19.7 | 20.3 | 19.8
25 248 | 25.4 | 254 | 25.3 | 25.4 | 24.7 | 25.3 | 25.3
30 304 | 305|303 |29.7 | 30.3|29.8 | 29.6 | 30.4
35 355|353 | 35 | 346 | 353|347 | 349 | 347
40 404 | 403 | 40 | 39.7 | 39.6 | 404 | 39.8 | 39.8
45 454 | 45 | 447 | 446 | 454 | 448 | 454 | 453
50 50.3 | 50 | 504 | 49.6 | 49.8 | 50.1 | 50.3 | 50.2
55 55.3 | 55.2 | 55 | 54.6 | 54.7 | 55.4 | 55.3 | 54.6
60 60.4 | 60.3 | 60 | 60.4 | 59.7 | 59.8 | 60 | 60.4
65 643 | 65 | 64.7 | 647 | 648 | 645 | 65 | 64.4
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Table A.3: The calibration of 4 k- type thermocouple.

Mercury
Templ | Temp.2 | Temp.3 | Temp.4
Thermometer
°C °C °C °C
°C
25 25.9 26 26 26
30 31 29.2 31 31
35 36 35.6 36 36.3
40 41 40.9 41 41
45 441 46 46 46
50 49.2 51 51 51
55 54.1 54 56 56
60 60 61 61.2 59
65 64 64 64.1 66

The values of sixteen temperature sensors for two 8- channel data loggers
and four thermocouples are too close that they cannot be distinguished if plotted.

Correlating the values above (straight lines) calibration curves.

a. The correlation values of the first set sensors (S: to Sg) as follows:

Tsi=0.988xTs: (real) +0.78 ............ (A.1)
Ts2=0.99xTs, (real) +0.3752 ............ (A.2)
Ts5=0.9886xTs; (real) +0.4442 ...... (A.3)

Ts$4=0.9993xTs4 (real)-0.0841 ............ (A.4)

Tss=1.0035xTss (real)-0.0794 .......... (A5)

Ts6=0.9851xTss (real) +0.6836 ......... (A.6)
Ts7=0.991xTs (real) +0.6212 ......... (A7)
Tss=1.0064xTss (real)-0.263 .......... (A.8)

Where: Ts (real) = measured values; Ts....ss= correction values.
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b. The correlation values of the second set sensors (Se to Sis) as follows:

Ts$9=0.9918 x Tso (real) + 0.5703 ...... (A.9)
T510=1.0024 % Tsiwo (real) + 0.37 ......... (A.10)
T$1:=0.9882 x Tsu: (real) + 0.5897 ....... (A.11)
Ts$12=0.999 x Tsi. (real) - 0.1588 ....... (A.12)
T513=0.983 x Tsi3 (real) + 0.7612 ........... (A.13)
T514=0.003 x Tsu (real) - 0.2388 ......... (A.14)
Ts15=1.0006 % Tsis (real) + 0.0642 .......... (A.15)
T516=0.9941x Tsi6 (real) + 0.2424 ........... (A.16)
c. The correlation values of thermocouples (T: to T4) as follows:
T1=0.946xT, (real) +2.4633 ........... (A.17)
T>=0.978%T: (real) +1.8011 ......... (A.18)
Ts=0.9767%Ts (real) +1.8611 ......... (A.19)
Ta=0.981xT4 (real) +1.155 ............ (A.20)
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Appendix (B)

The experimental results
Table B-1 showing the sample of experimental results for one day at 18/6/2020

Table B-1Experimental results.

Time | Ta out(°C)| Tw_out (°C) | Qu_a (W) | Qu_w (W) n (%)
8:00 47.6 44.8 131.5 596.7 58.6
9:00 60.2 47.9 156.3 685.9 56.6
10:00 65.4 52 584.6 767.7 64.5
11:00 71.1 56.5 441.8 752.9 74.7
12:00 75.1 60.3 493.1 767.7 73.2
13:00 76.1 64.5 479.1 730.5 58.9
14:00 73.8 66.8 448.1 474 49.6
15:00 70.3 65.5 285.3 329 46.3
16:00 62.4 61.1 148 61.3 40.3
17:00 52.9 59.8 80.9 0 29.2
18:00 48.2 55.1 11.3 0 21.7
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Appendix (C)

Uncurtains analysis
In the present analysis, some of the sources of error which could be

defined as sources of uncertainty in estimating volumetric flow rates,
temperatures and drops in pressure and solar radiation which could lead to

errors in the predicted values.
C.1 collector efficiency derivation

Collector efficiency is calculated from the ratio of output heat to input

heat for solar collector.

4Q
( T )out
(D

QOllt
(

Qin )’ ’1 -

’7 =
Where the Q. represents the heat gained by the water from the inlet to
outlet. Thus Qo IS given by:
Qout = mx Cpx (TO 'Ti)
& — L a Qout 2 i} Qout 2 i} Qout . 2 0.
( Q )Out_(Qout)[{ 9 m Am} +{aTo ATO} +{ aTl ATI}] ’

Yi| Tot

(22 )oue = [ 22 2 +{ 21 2 {20 oy )

Qin Is the input heat evaluated from atmospheric temperature and inlet

temperature of water:

(i =g [ ATY {5 ATay H{52 A Gy
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Appendix (D)
List of publications

1- Published of the paper “Simulation analysis of thermal performance of
the solar air/water collector by using computational fluid dynamics”
by E3S Web of Conferences (TE-RE-RD 2020).

E35 Web of Conferences 180, 02015 (20200 bittps Jdkoi org /10, 105 1e3scon D 2020 | RO0G201 5
TE-RE-RID 200

Simulation analysis of thermal performance of
the solar airfwater collector by using
computational fluid dynamics

Jofer Shandal', Qahran A Abed™, and Dhgfer M. Al-Shamkhes®

'“Enginesring technical college’ Majaf, Al - Furar Al- Awsat Technical University, 31001, Irag
“Technical Institate’ Al-Fumaitha, Al - Furat Al- Awsat Technical Universicy, 31001, Irag

Abstract Utilizing solar ensrgy has received a glam activity by ensrgy
applications mto distinctive states within the world. The sun is regardsd
strong supply providing uninferropted coherent epergy. In this research,
sinmlation shady has been dons to estimate the performance of dual
parpese solar collector (DPSC). Flat plate dual purpose solar collector with
dimenzions (184 cm length, 85 cm width and 14 cm thickness) has besn
used for headng the air and water for different wsimz. Fectangular fins are
used in air duct o increase beat tansfer coefficient m air heater part.
COMSOL Muotiphysics 5.4 computer program bas been usad to caloulate
the theorstical results. Many parameters such as a different flow rate and
temperatures for the mlet working flusds are iovestgated

1 Introduction

Cme of the most serious matters in the world is enerzy. As we know, there are many
spurces o get the energy. The most important of which is the most common fossil fuel buat,
becanse of the many problem caused by fosszil fusel, the attendgon have been Ziven to
searchers for another sores. Solar energy is considered more renewsble energy unsing
thermal cellectors. These collectors are most commmon type of solar enerzy applicadons.
Acxeari et gl [1] Smdied an experimental and theoretical imvestigation performance of two
working fluid solar collector to prodwct hot air and hot water. To improve the performance
of the hybrid air and water collector, the authors used various air forms of air docts. They
showed that the rectangular fin types have better performance. MNematollahi et al [2]
Published an experimental smdy to investizate the o different types of flat solar
collector’s effectivensss. Using dusl parpose solar collector (DPSC) decreases costs and
required space Venkatesh and Christraj [3] Camy ouwt an experimental smdy on same
collector which desizn by M.E_ Assar et al But in this study, the suthors stadied dray a
mixtare of three vegetable nypes; dill the first one, parsley second and the last one was
coriander st constant air and water flow rates. The obtzined resnlts were evaluated with
other results had been obtained fromm the solar drier collector have an electrical heater. The
results appear that the dryer solar collector with an electrical heater has 20 3T -30 °C
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2- Published the paper “A review on development of solar thermal flat
plate collector” by IOP Conference Series: Materials Science and
Engineering.

2nd Inizraalicnel Scismlifc Confereace of Al-Ayen Uiniversily (IS0 L2020 IOVP Pubdishing
W Cond. Eories: Malrsials Scianon ond Eoginssrsg: 938 (20000 0E2M1%]  Sod: 10 10T 75 T-EEOG92 E2mS]

A review on development of solar thermal fat plate collector

Jafer Shandal’ snd (abtan A Abed ™

! Ergimearing tecdhmical oollegs’ Majaf Al - Parai Al Awsa Techmioal Universiiy,
Iy

‘-'I'n:hnn:.u | mesivhd ' A Husna b | Al - Farad Al- Awss Techoscal Linrversiy, 1mg

dessniadaniamal com,

Albstrast

Solar thermal collecios ane most frageent hpe of solar eeergy applications . Solar
collaor i a typs of beal exdangr where bt schages ke ploce bawes a
distamce sopre and o moving beai immsfer fhod in tee ool becior. Sdar colloiors can
b caEgonzed o coRceminasd and Don-COREnITEnG aconnding o thedr design. In
ihis peesend weoek, he mndes dporand shedies fha deall wrh dhe develo ponend in e
mamafactee of oollacion wew reviewsd Stocher diffared acoording 1o the fvpe of
i mrgcvemnend di soessed, sech as wee of obstacles, type of fin, abeorber plae degi g,
mamniflwid a5 beat tramefer hoid amd s of enbancament devices. s bars cam take
advand age of & imelation pecgrens fo gt te besl experiences at the lowesi cost and

e

1 Inmtroedoction

One ol the maost senous matiers m the waorld, 5 Bnergy. As we know, there
are mnhiple sources of energy. The most important of which & the mos comromon
Fasal tuel, but, because ol the memy problem caused by Tossal Tuel, the stienton
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