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Abstract

This study presents the design, fabrication, and experimental evaluation of a novel,
low-cost solar water heater utilizing a compact cake mold (CM) geometry. The
configuration enhances solar absorption by increasing the heat-transfer pipe's
effective length. The system integrates copper tubing along the mold structure,
optimized reflective mirrors to concentrate radiation, a transparent glass cover to
reduce thermal losses, and an insulated 60L thermal storage tank. Testing was
conducted in Basra, Iraq, from January 2017 to May 2019 across diverse climate
conditions. At a constant mass flow rate of 170 ml/min, the maximum outlet
temperature reached 97°C under 1024 W/m? solar intensity, and up to 70°C during
cloudy conditions. The collector achieved an average experimental thermal
efficiency of 81.6%, which was validated through theoretical modeling of solar
angles, buoyancy-driven flow, and heat transfer. Economic analysis demonstrates
that the system can be manufactured cheaply using local materials, making it a
viable alternative to conventional flat plate collectors for residential and remote
applications in high-irradiation regions.

Keywords: Solar collector, Global warming, Solar heater, Basic structure, Siphon
circle, Cake Mold, Efficiency

1. Introduction

The sources of renewable energy are those that generate naturally and constantly as long as the sun exists. Solar

energy is considered the most important one for humans and can be exploited. It is a permanent energy that does

not result in gases or by-products that harm the environment like other energies and does not cause dangerous

remnants like radioactive residue from nuclear power [1], [2], [3].

Now, solar energy has a special position among other sources. Solar thermal energy has increased and become

a significant source of renewable energy because of an increase in environmental effects as well as the rising
cost of fuel types (i.e., oil or gas, such as global heating, greenhouse effects, air pollution, and the reduction of

the ozone layer) [4], [5]. Most countries put big budgets into this energy. There are many ways to use it, like
collecting the heat of the sun and absorbing it, as in this research, transferring sunlight to electrical power, or

through other means [6], [7].

This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/ ) that allows others
to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's authorship

and initial publication in this journal.
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The usage of solar power for heating water has been known for a long time. Heating systems were developed
at the beginning of this century because of the need to use them in remote areas instead of traditional power
sources. Iraq has a significant potential for solar energy for both power production and thermal applications
from solar energy technologies [8]. The two problems were reflected in the economy and the lives of the people
who lived there [9].

The production of hot water in most areas is promising for the application of solar energy. A solar heater is the
best application for solar energy because it is easy to manufacture and has low cost [10]. In this research, CM
is supplied with an isolated thermal tank (T-Tank) to store hot water. In recent years, the demand for energy has
increased, and fears have grown because of two factors: environmental impacts result from the burning of huge
amounts of fossil fuel, and the lack of acknowledgment about the increasing need for current global reserves
[11]. On the other hand, a big share of productive energy in the world is used to heat water in houses [12].
Energy consumption increasingly depends on population growth and the update of productive processes [13].

The global demand for energy increases with the encouragement of research towards alternative technology
[14]. Renewable energy contributes to reducing the consumption of these kinds of fuel. As a result, the above-
mentioned problems are reducing [15].

The source of renewable energy plays an important role in the exchange of traditional fuel in four distinct zones,
such as the production of electric power and hot water, transportation of fuels, and power services in the
countryside [16]. Alternative energy sources, in many countries, are available and are being applied, such as
wind, solar energy, photovoltaic energy, and others. Among these applications is solar thermal energy for water
heating. Solar energy is important because it is economical, environmentally friendly, and widely available [17],
[18].

The use of solar technology has increased since 1980 by 30% annually [19], [20]. In 2010, the Renewed Energy
Policy Network stated that 70 million houses in the world are using hot water systems with solar energy (SWH)
[21]. The number of applications for hot water in houses has increased by 85% [22]. Solar energy, which can
be successfully used to provide technological and household needs, and for heating in various industrial
processes, and the general sector [23][24].

Solar heaters or collectors are systems that apply solar energy to heat water [25]. The use of solar heaters and
collectors in different applications requires solar energy and the development of their types, like flat plate
collectors (FPC), hybrid photovoltaic/thermal collectors (PV/T), compound of vacuum tubes, compound of
parabolic collectors, etc. Solar concentrating collectors direct solar radiation from a larger field to a small
receiving area where it is converted into other forms of energy [26], [27].

Recent research trends have focused on improving collector performance through several strategies, including
geometric optimization, incorporation of reflective surfaces, enhancement of heat transfer mechanisms, and
reduction of thermal and radiative losses [28], [29], [30]. Various studies have shown that modifications in
collector geometry and the use of reflective mirrors and booster reflectors can significantly increase the effective
solar absorption area without substantially enlarging the collector footprint. Similarly, enhancements such as
turbulence promoters, surface texturing, and advanced absorber coating have been investigated to increase
convective heat transfer and reduce thermal resistance [31], [32].

However, many of these advanced configurations rely on complex manufacturing processes, specialized
materials, or high-cost components, which restrict their practical implementation, especially in developing
countries and remote regions with limited technical infrastructure and economic resources. As such, there
remains a critical need for innovative solar collector designs that not only achieve higher thermal performance
but also maintain structural simplicity, low production cost, and ease of local fabrication [33], [34].

In this context, the current study introduces a new solar heater design based on a cake mold (CM) geometry that
aims to overcome the limitations of conventional systems by enhancing absorption efficiency, improving
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operational stability under variable weather conditions, and offering a cost-effective solution for decentralized
water heating applications.

2. Materials of solar heaters (CM)

The basic structure of the construction of CM is an iron plate with a thickness of 0.1 cm, a square iron pipe with
ribs of 2.5 cm, a copper pipe with a diameter of 0.956 cm and a length of 2540 cm for circulation, locally
available reflective mirrors of various sizes, and a 5 cm aluminum holder. Sealing is done using silicone, and
the coverage is provided by a transparent glass sheet of 110 x 110 cm? thickness of 0.4cm. A plastic pipe is
used to link CM with the external water tank (EWT), and matte black paint is used to increase heat absorption.
Lastly, an isolated thermal tank (T-Tank) with a tank size of 60 L, which is enough to store heated water, is used
for efficient performance and usability.

3. Experimental setup

The structure of CM is like a cake mold. The design gives the path of the cooling for the copper pipe installed
inside it with less space, which gives enough time for the water to acquire more heat in less time (speed of
heating). Moreover, the design is modern and highly efficient, needs no big space, produces more than 100
L/m?, is easy to clean, move, and maintain, works in different weather conditions like cloudy weather, and has
a long running age (Figure 1).

Figure 1. The basic structure of CM

The basic structure of CM consists of:

a. The front face is circular in diameter of 110 cm.

b. The base of the structure is circular in diameter of 70 cm.
c. The distance between the front face and the base is 50 cm.

d. The heart of the structure is cone-shaped, which is 43 cm high, 29 cm in diameter at the base, and 3 cm in
diameter at the top.

e. The foundation, which supports the basic structure, is square in shape. The length of the rib is 150 cm,
which consists of a square iron pipe, the length of which is 2.5 cm.

That is, the area of the front facade of the solar collector CM is 9498.5 cm? (Figures 2 and 3).
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Figure 3. The diagram of CM

The aluminum holders are fixed on the inner surface at equal distances to raise the copper pipe by a distance of
5 cm on the inner surface of the structure, as in Figure 4:

The holders are fixed on the inner surface between the front face and the base.
The holders are fixed on the base's structure from inside.

The holders are fixed on the outside surface of the cone.
The holders are fixed on the outside surface of the cone.

e o oe

Figure 4. The types and positions of aluminium holders in the CM
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Heating and cooling applications and water heating are considered low-temperature applications. But the high
temperature is generated by the concentration of solar radiation by the reflective mirrors, at one point or line.
The CM's direction must be toward the sun, so the solar radiation is vertical on the heater's surface to ensure the
concentration of solar radiation and to get high efficiency. In CM, all falling solar radiation reflects on the
copper pipe installed in it to cause the rising of temperature. The use of flat mirrors causes the dispersion of
some reflected rays and does not fall on the passing pipe, so small pieces of mirrors are used to reduce the
dispersion and to increase concentration. The cake mold shape is useful for dispersing rays. Reflected solar
radiation is the main radiation for another mirror; this means that the radiation is reflected again to another
pipeline, as in Figure 5.

S————— Reflective mirrors
Figure 5. The reflected solar radiation from mirrors

The reflective mirrors are fixed with silicone inside the CM after the installation of pipe holders. These mirrors
help in raising the water temperature that passes through the copper pipe by reflecting solar radiation towards
it.

Different-sized mirrors are used because of the shape of the structure, as follows:

a. Reflective mirrors in the size of 8 x 8 cm? are installed on the inner wall of the structure.

b. Reflexive mirrors in different sizes 8—16 cm? are installed on the outer wall of the cone. These mirrors take
the shape of a cone.

c. Reflexive mirrors, size 12 x 10 cm?, are installed on the base of the structure, tilted at a small angle towards
the cone as illustrated in Figures 5 & 6.

Figure 6. The installation of reflective mirrors and copper pipes with matte black paint
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Copper has the ability to form high connections and is easy to roll, so it can transfer high temperatures even
when the temperature differences are low. A copper pipe with a diameter of 0.956 cm and a length of 2520 cm
is installed on aluminum holders in the solar heater. The distance between the copper pipe and reflective mirrors
is 5 cm. The rolling of the copper pipe starts from the top to the base of the structure, after that continues towards
the base of the cone till it reaches the top, and then it gets out from the center of the structure to the back side
of the basic structure. The copper pipe is painted matte black to absorb more heat, as in Figures 1 and 6.

The capacity of the copper pipe is 6.8 L. The first end of the copper pipe in the center of the solar heater connects
with an external tank by a plastic pipe, which supplies CM with water. The other end of the copper pipe passes
through the wall of CM from the top as a way to get out the hot water (Figure 7).

th__er inlet

Figure 7. Water inlet and hot water outlet to CM

A transparent glass sheet, cover in thickness of 0.4 cm and a size of 110 x 110 cm? put on the front face of the
solar heater because of:

a. The ease of cleaning the face of CM.
b. The rising temperature inside CM because of global warming.

c. Reducing the thermal damage from the load and radiation. The glass prevents the exit of reflected radiation
from the pipe and the mirror, in addition to the thermal damage from the load. The glass allows 90% of
short-wave solar radiation to enter the copper pipe and mirrors, whereas it prevents the exit of long-wave
radiation reflected from the copper pipe (Responsible for the water heating) from the copper pipe.

A T-tank was added to improve the work of CM, with a capacity of 60 L. It collects the output hot water from
CM to use in houses, schools, pools, remote places that have problems with electrical energy, moving labs near
the wells, etc.

The CM must be directed towards the sun to have more solar radiation. The degree to which CM leans on the
horizon depends on the latitude of the area and the time during the year. Basrah city is at a longitude of 47°45'
and a latitude of 30°33 ', so the tilt angle of the solar heater in summer is 15° and in winter 45° [35]. The process
of controlling the direction of the CMs collector so that it is always perpendicular to the solar radiation for
getting high efficiency was in a manual fashion.

CM tested:

1. From January 2017 to May 2018
2. From January 2018 to May 2019
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There was no difference in the work of CM during the two periods, and it shows stability. After exposure of
CM to the sun, be orthogonal to solar radiation during daytime, it starts to acquire heat by (direct solar radiation,
reflection of radiation by the reflective mirrors, global warming in the CM room). The water that passes through
the copper pipe heats till it reaches more than +97C° from during the control of water flow, 170 ml/min, in the
pipe and the transmission of the temperature by connection, load, and radiation. The output hot water collects
in the T-Tank. 5L draws from the T-Tank during the test each hour to use, and to register the temperature of
output water from CM, and the temperature of the T-Tank water is 70C°.

CM was also tested in:
1. Cloudy weather
2. Stormy, partly cloudy weather. The design of CM works efficiently during the test. It registers 48-70C°
in cloudy weather, and the temperature of the T-Tank is 63C°.

4. Theoretical analysis for CM
Anywhere, economic evaluation and detailed information on the availability of solar radiation are important to

solar energy systems. The solar radiation that falls on a surface consists of:

e The location of the sun
e Surface direction
Figure 8 shows the solar angles for the solar collector with the sun, given that the collector is a sloping surface.

the % /\ p MNorh

West

East

,/
South
Figure 8. The solar angles for the surface of the inclined collector.
* The sun's place is a function of the latitude (L), the time (t), the solar year day number with 1st January (D),

and the solar inclination (§). This information is given in the following equations because of the basics of
physics and solar engineering [36].

. 360
§ = 23.5 sin [(D — 80) §] (1)
T =15(t — 2) )
sinff =sinLsind 4+ cosL cosd cost 3)

The angle 0 of solar rays on a surface tiled with the level by the angle ¢ is given by the relation [36], [37]:
cos @ =cos f cosy cos d + sinf cos P 4)

The following relation gives the angle of the solar azimuth [38] :
sinW¥ = cos § sint/cos (%)

¢ = 0 when the CM is towards the south, so that y =¥ and then:
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The following relation gives the intensity of solar energy on the surface of the collector [39]:

[ =ae /sinf cos@ (6)
a and b are monthly subordinate parameters tabulated.

The rate of water mass flow through the CM can be evaluated from thermal balance and mass transfer balance
between the buoyancy and compression in the siphon circle due to:

e The difference in density of cold and hot water.
o The compression losses in the collector tubes, as in Equation 7:

APg_AP; (7
APs is the driving force of the natural cycle.

APris the total pressure drop along the circle (Figure 9).

Storage Tank
I P S

‘_E_’

Solar Radiation

Solar Collector

A

Figure 9. Solar water heater system CM with the siphon circle
APy consists of:
a. APc: the compression drop through the collector.
b. APs: the compression drop between the top and bottom of Ts.
Where Ts is the water storage tank.
APp = AP; + APg (8)

The following equation represents the compression caused by the buoyancy force APg [40]:

APy = g'p, sind [(T(X) = T,) dx + gB'po(T, — T) H ©)

The following linear equation represents the temperature distribution in the tubes:

To —Ti
Lc

Teo-Ti= X (10)

Integrating equation (9):
Lc sind

9B'pe(To — T [<2 + H] (11)

Frictional resistance is equal to the buoyant force in the water flux path at the equilibrium. This means:
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. Lc si
BB = APy = gf po(T, = Ty) [F5~2 + H] (12)
The following equation represents the friction drop in the tubes:
1 .u’Lc
To arrive at a laminar flux, f is given by the following equation:
64 _ 64
e = e 19

The mass flux rate (1) depends on the number of parallel tubes (N) in the solar collector, as follows:

m="Npud: (15)
OR
_ 4m
u_anch (16)

From equation 12 to equation 16, the following equation appears:

v Lcmh Lc sind

128 20— 0p'p, (To-Ti)[ o H] 17)

(Ts - Ti) can be written from the heat balance of the solar collector in the equation:

Ia Ac—h Ac (Tm — Too)

(To-T)= m Cp

(18)
Where
(To - Tl)

Ty (19)

The heat transfer coefficient can be given as a function of wind speed in the following equation [41]:

H=2.8+3Uyind (20)

5. Storage tank in solar system
To find out the energy balance, a thermally insulated storage tank can be looked at, as follows:
My =rine,(To.Ti) Q1)

() and (T, - T; ) varies with time, as the solar incidence varies through the daylight.

6. Solar density

In Basrah city, the solar incidence on the surface depends on many variables:
a. Solar inclination (3).

b. Time (t).

c. Latitude (L).

d. Surface azimuth angle (o).

e. Surface-solar azimuth angle (7).

f.  Surface angle with the level (¢).

From knowing the variants and using equations 1 to 6, solar incidence can be calculated.
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Basrah city is located at a latitude of 30° 33" in southern Iraq [42]. With a south-facing surface from 8:00 am to
5:00 pm on 20-Jan 2019, the data from equation (6) is processed as follows:

1=(1 14c1>3—753<]>2+1O30<]>+640)sin[m(in L‘Z;rfg}fl‘;‘(’l‘g ;‘;ij:)““se) (22)

For the last years from 2009 to 2019, the weather in Basrah city on 20-Jan is:
e The maximum temperature is (8-16) °C.
e The wind speed is (2-8) m/s.

In Table 1, the engineering information for the solar collector CM is included, giving physical properties of
water used through specific relations [43]:

Table 1. The physical and engineering information of the CM

Physical and engineering data for

CM The value
CM area A 9498.5 cm?
Number of CM tubes in parallel N 17
Total diametersilgigf parallel in CM N x 0.956 = 16.525 cm
Volume of water storage 60 lit
Absorptivity ocp 0.97
r 1001— 0.08832T — 0.003417T2
Cp 4226 — 3.244T + 0.0575T2 — 0.0002656T?
B (0.3+0.116T- 0.0004T*)10 ™
v ((1/0.5155+0.0192T) - 0.12)10 ®

The expense of thermal efficiency to the solar collector using equations [44]:
Q=1AqFi (1. o) (23)
Where:
Q : The amount of energy absorbed
I: Total solar radiation falling on the surface of the solar collector (W/m?)
Acp: The surface area of the copper pipe(m?)
Fi: Coefficient of the effect of shadow and dust on the amount of solar radiation received
ocp: Absorbitivity the copper pipe
T,: Permeability of the glass cover
oep = 0.97, 1, =10.95 [45]
F.=Fa. Fan (24)
Where:
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F¢ Coefficient of the effect of atom dust on the glass cover on the solar radiation recipient.

F. Coefficient entering the effect of shadow covering the part from the absorption tube on the solar radiation
recipient.

Fe=0.97 , Fa=0.98 [46]
Qu=MCy (Tay-Ti)/ t (25)
Where:
Qu: The useful energy
M: Mass flow rate (kg s)
Cw: Specific thermal capacity (J/ (kg- C)
Tav: Rate water temperature outside the collector (C°)
Ti: Inlet water temperature (C°)
t: Operating time sec (s)
The average efficiency was produced based on the equation [47]:
N =(Qu/ Acu . Iew) x 100 (26)
Where:
Qu- The useful energy.
Acm: The collector area (m?)
Iem: Solar radiation (W/m?)

The solar radiation exposed the solar collector CM with a density (834-1024) W/m?, and solar radiation was
detected by a pyranometer in Basrah city, as shown in Table 2. Using equations 23, 24, 25, and 26, the thermal
efficiency of the solar collector is 81.6 %.

Table 2. The data for calculating the thermal efficiency to CM

Time The data Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19
Tav (C°) 91 87 91.5 95 96.5 97
Ti (C°) 23 19 25 27 31 34
M (Kg) 10.5 10.5 10.5 10.5 10.5 10.5
Cw (J/Kg.C°) 1 1 1 1 1 1
t (hr) 1 1 1 1 1 1
01:00 Qu (W) 714 714 698.3 714 687.8 661.5
Iem (W/m?) 834 830 848 944 964 1024
Acm (m?) 0.95 0.95 0.95 0.95 0.95 0.95
n (%) 77 79.6 79.7 79.6 75 68
(Tin—Ta)/ L
(Com2W) 0.047 0.041 0.039 0.038 0.032 0.030

7. Results and discussion

CM tested and registered the temperature during exposure to the solar radiation from:
a) December 2017 to May 2018 from 8:00 am to 5:00 pm.
b) December 2018 to May 2019 from 8:00 am to 5:00 pm.
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Diagrams 10 and 11 show the behavior of CM while working and the large increase.

In the temperature of the output water from CM, the water acquires a high temperature during the pass through
the heater. The large increase in temperature happens because of the shape of CM, the fall of direct radiation,
global warming, the distribution of reflective mirrors for the reflection and concentration of solar radiation on
the copper pipe, and the direction of CM being orthogonal to solar radiation.

100
90
80
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50
40
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20
10

Average Temperature Water CO

8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00
AM AM AM AM AM PM PM PM PM PM

The Day Light (hour)

M average sourse water CO'  mMay-18 ®Apr-18 m®mMar-18 ®Feb-18 mJan-18 mDec-17
Figure 10. Average water temperature from CM per month from Dec 2017 to May 2018.
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Figure 11. Average water temperature from CM per month from Dec 2018 to May 2019

Diagrams 10 and 11 show the stability of CM's work. The running age of CM's design in different circumstances
is from 3 to 5 years, because of the length of the testing period and the stability of CM's work.

Tables 3 and 4 show the monthly average of the lowest and highest temperatures of output water from CM when
the water flow is 170 ml/min during December 2017 to May 2018 and December 2018 to May 2019, during the
daytime from 8:00 am to 5:00 pm.
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Table 3. The monthly average of the lowest and highest temperatures of the output water from CM during
2017-2018

Average monthly (Lowest - Highest) temperature C° from CM through the daytime hours in 2017-2018

Dec-17 Jan-18 Feb-18 Mar-18 Apr-18 May-18

Less | Highest | Less | Highest | Less | Highest | Less | Highest | Less | Highest | Less | Highest

53 90 45 87 55 92 60 95 66 96 68 97

Table 4. The monthly average of the lowest and highest temperatures of output water from CM during 2018-
2019

Average monthly (Lowest - Highest) temperature C° from CM through the daytime hours in 2018-2019

Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19

Less | Highest | Less | Highest | Less | Highest | Less | Highest | Less | Highest | Less [ Highest

57 91.5 51 87 59 92 60 95 63 96 65 97

The temperature of output water from CM is more than +97C° and the temperature of collected water in the T-
Tank is 85C°, specified for different uses; these temperatures are very high compared with flat plate heaters.
Figure 12 shows the monthly average of the temperature of collected water in the T-Tank specified for different
uses in houses, institutions, mobile laboratories, and pools. This gave 122.4 L/day with a collector area of 0.95
m?2.
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Figure 12. The monthly average water temperature collected in the T-Tank

Daytime hours

29



SEI Vol. 8, No. 2, 2026, pp.17-38

CM was tested in cloudy weather on 5-May-2018 at a temperature of 37 C° during daytime from 8:00 am to
5:00 pm. CM was tested in stormy, partly cloudy weather on 16 February 2019 at a temperature of 21C° during
daytime from 8:00 am to 5:00 pm. The results are shown in Table 5 and Figures 13 & 14.

Table 5. CM in stormy, partly cloudy, and cloudy weather through the day

Cloudy weather Stormy, partly cloudy weather
(5-5-2018) -37 C° (16-2-2019) - 21 C©
Time Tow C© | T-Tank C° Time Tow CO | T-Tank C°
08:00 48 44 08:00 42 38
09:00 62 57 09:00 51 47
10:00 67 58 10:00 60 52
11:00 68 60 11:00 66 59
12:00 69 63 12:00 69 62
01:00 70 63 01:00 70 63
02:00 70 63 02:00 70 63
03:00 69 63 03:00 68 63
04:00 66 63 04:00 63 62
05:00 60 61 05:00 58 60

May-2018 (05/05/2018)

80
o
o 70
o
:é  water
g 60 source CO
o
€
8 50
% u water
2 40 temperatu
\‘g;o re CO from
5 30 cM
<

20

8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00 5:00
AM AM AM AM AM PM PM PM PM PM

Daytime hours

Figure 13. The average water temperature CM in cloudy weather on 5/5/2018
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Figure 14. The average water temperature CM in stormy partly cloudy weather on 16/2/2019

In this research and Figure 1, angles B and 0 are affected by solar radiation incident on the solar collector CM
for being italic (Equation 6). These angles can be found from Equations 3 and 4, respectively. When 6 = zero,
so that ¢ = 45°, then the sun's rays are perpendicular to the surface of the solar collector.

Observed in Figure 15 on 20-Jan, the altitude angle 3 increases from zero with the beginning of the daylight,
even up to the peak at midday, but this angle decreases even up to zero, but this angle decreases even up to zero

by the end of the daylight, and the highest value of altitude angle [ at latitude 30° 33" is 45°, and inclination
angle is -20°.
20-Jan-2019
50

45
40

AP 4 AN

25
20
15
10

Solar Altitude Angle B°

7 8 9 10 11 12 13 14 15 16 17
Time (hr)

Figure 15. Solar altitude angle during daylight hours in Basrah City on 20-Jan-2019

In Figures 8 & 16, as the level angle ¢ increases, the solar incident on the inclined collector surface reaches the
peak value at ¢ = 45°, and it decreases after that. This means that the maximum solar radiation can be obtained
when the CM faces direct vertical radiation.

At midday, the angle y = zero, and from Equation 4: 6 = 90 - B — ¢. Where 3 = 45° when the collector surface
is facing south, and the angle 6 = 45 - ¢, which 0 = zero when ¢ = 45°, then the sun's rays are perpendicular to

the solar collector surface CM, which is the maximum solar radiation incident (normal) on the inclined collector
surface.
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Figure 16. Shows solar density with the angle of collector tilt ¢

By using equations 17 and 18 with Euler's method, Equation 21 is a numerical solution to calculate Ts, as shown
in Figures 17-22. Figure 17 shows the effect of ¢ on the stored water temperature. Ts increases with increasing
¢ for the loop considered; solar radiation increases.
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Figure 17. The effect of (¢) with the Level on the stored water temperature

Choosing the design of the collector in the form of a cake mold, gives more exposure area to the solar radiation
as in Figure 18, reducing heat loss due to the wind, as in Figure 19, and it compensates for the low water
temperature due to the large volume of stored water in the T-Tank, where the heat is absorbed by the water

(Figures 18 and 20).
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Figure 18. Variation of the stored water temperature with the collector area
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Figure 20. Variation of the stored water temperature with the storage water volume

The maximum solar density is at midday; the density increases with the angle ¢ from 15° to 50° of the collector,
and the solar radiation is perpendicular to the collector surface when ¢ = 45°, as shown in Figures 16 and 21.
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Figure 21. Variation of the solar density with the tilt angle ¢

Figure 22 shows the water outlet at the CM exit, and T, increases with ¢, when ¢ = 45°, reaching a peak value.
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From Figure 23 and Table 2, the thermal efficiency of the solar collector in the winter is above the thermal
efficiency in the summer due to the difference in water temperature entering the collector and solar radiation.
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Figure 23. The monthly thermal efficiency of the solar collector CM

The calculated thermal efficiency (n %) is obtained by graphing (Tin-T.)/Iom versus collector thermal efficiency
(mem %), as shown in Figure 24. From the analysis of the graph, it is observed that the curve represents heat loss
from the solar collector CM.
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Figure 24. Thermal efficiency of solar collector CM with (Tix-Ta)/Icm
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Raw materials available on the local market were used, according to the current price of the materials (1 U.S. $
= 1320 L.D.). The cost of manufacturing the solar heater CM is shown in Table 6.

Table 6. The cost of manufacturing the CM design

The cost I.LD
Materials The number
CM
Transparent glass sclrlget, thickness is 0.4 110 x 110em? 3000
Iron plate, thickness is 0.1 cm 100 x300 cm? 9000
A plastic pipe 300 cm 750
Copper pipe, diameter is 0.95 cm 2540 cm 25738.5
Mirror thickness is 0.3 cm 100 x300 cm? 7500
The square iron pipe 750 cm 5000
Matte black paint 1 500
Silicone 3 2250
Valve 1 250
Holder of aluminium - 500
Insulated thermal tank (T-Tank) 1 3000
Total 46000

From Table 6, it was found that the cost of manufacturing the collector CM is suitable for the amount of hot
water production, as shown in Tables 3 and 4. If they are produced in a factory and workshops, the cost is much
lower because the raw materials are at wholesale prices. The study can be developed more and more by wireless
techniques and the Internet of Things [48, 49] as well as antenna sensors [50].

8. Conclusion

CM is a new design that can be fabricated in small and large workshops, which provides ease of cleaning,
maintenance, and transport. The manufacturing price is low and can be lower by using aluminium pipes rather
than copper, while all the materials needed are easily available in the local market. It provides an output water
temperature of more than 97 °C and keeps the circulating water in the T-Tank at 85 °C, with a stable collector
flow rate of 170 ml/min, which corresponds to a collector area of 0.95 m? and an output of 122.4 L/day. Even
in bad weather or cloudy conditions, with a temperature of 70 °C in the output water and 63 °C in the T-Tank,
CM can be operated efficiently, with an average thermal efficiency of 81.6%. Frequently tested and known to
have a long service life of 3-5 years, it will perform well in all weather conditions. The optimum tilt angle is
45° - 50° S in Basrah City, but the performance is highly dependent on the location, collector orientation, tilt,
wind speed, and daylight duration. It did not, however, go into more advanced experimental durability,
corrosion, or climate testing and expects more tests to be carried out on the real system to prove reliability and
environmental durability before widespread application.
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