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Experimental Investigation of a Novel Thermosyphon Solar Water
Heater Performance under Aswan Climate Conditions

Mahmoud Eid El-saggan”", Ahmed Rekaby? Walid Aniss Aissa®, and Ahmed M. Reda*

Abstract In numerous regions globally, Solar Water
Heaters (SWHSs) and Solar Lighting Pipes (SLPs) are
widely adopted, contributing significantly to energy
conservation. While SWHs are moderately utilized, SLPs
remain largely unfamiliar in Egypt. This study introduces
an innovative merged energy-saving approach that merges
SWH and SLP into a unified system. The combination
concept involves incorporating a solar heater via a
serpentine pipe’s collector, utilizing the available space
surrounding the daylight gadget tube. Key objectives of
this integration include cost reduction in manufacturing,
enhanced solar energy savings, and minimizing space
requirements. Furthermore, recent daytime power outages
in Egypt, stemming from escalating consumption
exceeding production capacities, have spurred this
investigation. The paper presents a comprehensive
analysis of the Passive-Thermosyphon performance of the
proposed SWH across various seasons in Aswan, Egypt,
characterized by its sunny and arid climate, to assess its
practical applicability. Results indicate a successful
elevation in water temperature, with the highest recorded
at about 70°C and a maximum instantaneous efficiency of
around 36%. Moreover, the suggested solar heater
demonstrated a peak daily thermal efficiency of
approximately 31% during testing.

Keywords: Energy efficiency; passive thermosyphon;
serpentine tubes; solar heater; tubular collector.

1 Introduction

Due to the ongoing global population growth and the
subsequent reliance on technology, electricity production
has surged, reaching approximately 26,940 TWh by 2023
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[1]. Notably, around 17,010 TWh, or 63.14%, of generated
electricity stems from the combustion of fossil fuels,
namely oil, natural gas, and coal [2]. In Egypt, fossil fuels
account for approximately 90% of electricity generation
[3]. This escalating demand has precipitated a notable
depletion in fossil fuel reserves, with little expectation for
these reserves to suffice future demands. Concurrently,
carbon dioxide emissions are projected to escalate,
potentially reaching around 43 billion metric tons by 2040
[4]. Consequently, there has been a recent shift towards
renewable energy sources as a means to conserve energy
and foster sustainable development [5-7].

Given that a vast majority of individuals spend
approximately 90% of their time within residential
structures [8], there is a heightened demand for
electricity-intensive amenities within these buildings,
including water heating, lighting, and air conditioning.
Water heating, in particular, is a critical aspect, accounting
for approximately 23%, 18%, 14%, and 16% of residential
energy consumption in Australia, the United States, the
European Union, and Egypt, respectively [9]. Similarly,
lighting constitutes around 35%, 28%, 26%, and 33% of
residential energy consumption in India, the United States,
the European Union, and Egypt, respectively [10,11].
Consequently, the outlook for renewable energy,
particularly solar energy employed for water heating and
lighting, appears advantageous and is undergoing steady
ripening. Notably, in developing nations such as Egypt,
within the framework of the country's 2030 Sustainable
Development Plan, solar energy has emerged as a
competitive and economically viable energy alternative,
especially following the energy subsidies cutting [12,13].

A considerable portion of the existing literature has
centered on energy-efficient applications, exemplified by
Solar Light Pipes (SLPs) and Solar Water Heaters (SWHS).
These pipes serve as substitutes for conventional light
sources, gathering sunlight from the outdoors and
channeling it into enclosed spaces devoid of natural light
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sources, such as enclosed corridors, warehouses, and
subterranean areas, through high-reflective tubing. Among
these solutions, SWHs stand out as the most prevalent and
longstanding energy-saving technology. These systems
leverage the thermal energy converted from sunlight
striking the Flat Plate Collector (FPC) within the SWH to
heat water effectively.
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Fig. 1. Passive and active solar water heater systems.

Operationally, there are two approaches used, as Figure
1 illustrates: passive and active. Thermosyphon SWH and
integrated storage are included in the passive method (Fig.
2). Thermosyphon SWH systems rely on natural
circulation, which makes them easy to use and
low-maintenance. Passive-Thermosyphon solar water
heaters (SWHSs) are hence the most popular kind. The key
conclusions of eminent scientists in earlier theoretical and
experimental investigations pertaining to SWHs are given
in the paragraph that follows.

In Slama's investigation [14], a notable efficiency
increase of 42% was attained through the incorporation of
double glazing. Similarly, in the research conducted by
Hellstrom et al. [15], the addition of an anti-reflective
layer to the glass yielded compelling results. They
observed that at an ambient temperature of 50°C, the

enhanced solar glass transmittance by 4% contributed to a
6.5% boost in annual output. Foste et al. [16] introduced a
thermochromic absorber coating with a distinctive feature:
its emissivity can vary by up to 0.35 based on temperature
changes. Utilizing this thermochromic absorber coating,
the overall system performance saw an increase from
1.5% to 4.5% compared to conventional absorber coatings.
Meanwhile, Jyothi et al. [17] developed a novel 5-layered
nanostructure comprising TiAIC / TIAICN / TiAISIiCN /
TiAISICO / TiAISIO for tandem absorption. This tandem
absorber-reflector setup includes absorbing layers of
TIAIC (titanium aluminum chloride), TIAICN (titanium
aluminum  carbonitride), and TiAISICN (titanium
aluminum silicon carbonitride), complemented by
semi-transparent and anti-reflecting layers of TiAISICO
(titanium aluminum silicon cobalt) and TiAISIO (titanium
aluminum silicon oxide). In practical application, the
absorption material demonstrated stability up to 598 K in
air for 400 hours and 923 K in a vacuum for 100 hours.
However, tandem absorbers tend to degrade under higher
temperatures due to their relatively unstable
microstructure [18]. The serpentine tube collector design
(Fig. 3) was introduced by Al-Matrawy and Farkas [19] to
address certain drawbacks associated with the parallel
design. These limitations include non-uniform temperature
distribution on the absorber, uneven water distribution
inside the risers, and heightened heat loss to the collector,
particularly evident during low flow rate conditions [20].
Smyth [21] and Kalogirou [22] advised maintaining a
maximum vertical distance of 50 cm between the top of
the collector and the bottom of the storage tank to prevent
thermosyphon reverse circulation, particularly noticeable
during nighttime. Additionally, they suggested inclining
serpentine pipes to deter the formation of air pockets,
which can impede fluid flow.

Solar Water Heater
r 1
Passive Flow Active Circulation
Solar Water Heater Solar Water Heater
d Th |
= Open loop cycle Closed loop cycle
storage tank solar solar water ‘ . "
T Bt ‘ - ) (Direct) SWH J (Indirect) SWH
Solar collector Solar collector
Storage water tank Storage water tank
No need to pump Pump and controller

Fig. 2. Simplified classification chart of the solar water
heater systems based on the circulation method.
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A concept that helps enhance heat and efficiency in solar
heaters is phase change materials (PCMs), which store
thermal energy during the daytime and return it at
nighttime [23]. Fig. 4 summarizes the most important
results reached by some researchers as a result of using
these improved materials [24-36]. In Mirzaei et al.'s study
[37], it was found that Al,O; nanofluid has good thermal
characteristics, which led to a 23.6% increase in the
collector efficiency. Metwally et al. [38] obtained an
efficiency of 49% as a result of inserting transparent
rectangular slats or strips inside the FPC. A similar study
by Abene et al. [39] reported an efficiency of 50% due to
the addition of obstacles inside the flat collector. In Kumar
and Parsad's [40] study, the results of inserting a twisted
tape (TT) within the absorber tube in a serpentine solar
collector showed that the maximum improvement was
found to be 18-70%. In Puthilibai et al.'s [41] study, due
to utilizing the aluminum TT turbulator effect, the
maximum temperature attained is 75 C.

Outlet Hot
Water to the
Storage Tank

Serpentine Tubes

L~

Water Circulation inside
Tubing

Inlet Cold Water

from the q
Storage Tank

Flat Plate Collector

|7 Serpentine Shape Tube Collector

Output Header

Outlet Hot

Water to the _

Storage Tank | I

Parallel Tubes

Water Circulation inside Tubing
o Copper Risers

L

Inlet Cold Water

from the

Storage Tank
Zi Flat Plate Collector

| Parallel Shape Tube Collector |

Input Header

Fig. 3. Serpentine and parallel shape pipe collector designs.

SLP and SWH systems are widely used in many regions
of the world, making it easier to conserve energy.
However, SWH is not yet widely used in Egypt, and SLP
is still unknown in Egypt. These separate systems require

distinct production costs and occupy separate spaces. This
has prompted our proposal for an integrated energy-saving
system, amalgamating SLP and SWH into a consolidated
model. By utilizing the vacant space surrounding the SLP
perimeter, the two devices are integrated using a
serpentine collector to facilitate SWH. The tubular design
of the SWH introduced in this study shares similarities
with customary FPCs in terms of components, albeit with
modified formatting. In this paper, the
Passive-Thermosyphon performance of the proposed
SWH is presented and analyzed in detail across different
seasons of the year in Aswan, Egypt, which has a sunny
and dry climate, to evaluate its practical utility.
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Fig. 4. Thermal efficiency improvement by different
authors using PCMs.

2 Martials and Methods

The evaluation of the inventive Thermosyphon Solar
Water Heater, illustrated in Figs. 5 and 6, took place at the
Faculty of Energy Engineering, Aswan University, located
in Aswan City, Egypt, positioned at coordinates (latitude:
245N and longitude: 3253 E).

The existing integrated system was designed to combine
the passive solar light pipe with the natural solar water
heater functionalities. It includes a transparent dome that
captures sunlight and channels it through a highly
reflective cylindrical tube to a lighting diffuser.
Surrounding the solar lighting pipe is a copper TPC,
insulated between layers. The exterior of the copper
absorber or collector is coated with black paint to enhance
solar ray absorption. Additionally, it is enveloped by a
copper serpentine with a black coating and encased in
double-cylindrical-glazing sheets to trap absorbed heat.
Working on the Thermosyphon truth, water circulates via
the integrated system.
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Fig. 5. A picture of the incorporated experiment system.

Y

rays to the tubular collector during the sun's perpendicular
peak hours of 11 a.m. to 1 p.m. It also keeps the heater's
internal temperature from dropping. Because its k= 401 W.
m’C?, the serpentine design shaped pipe collector
manufactured of copper with a diameter of 0.01 m was
selected [43].

Furthermore, as previously indicated, the serpentine
pipe collector was chosen because to its greater efficiency
as compared to the parallel pipe collector. To reduce the
amount of space occupied by the flat collector, the TPC is
utilized in place of the FPC in the novel SWH model,
along with the same other components. The newly
designed solar heater just makes use of the SLP area that is
already being used to illuminate interior rooms. As seen in
Fig. 5, the top dome is constructed of transparent acrylic
that blocks the heat entrance (i.e., infrared rays) and only
permits the sunlight transference or visible light from the
solar-spectrum. To optimize light transmission efficiency
through the tube, the light transmission tube is constructed
using 98% reflective steel sheets. To optimize solar
absorptivity, black paint is also applied externally to the
TPC and serpentine pipe collector (Fig. 5). Ultimately,
thermal insulation and metal reflective film are used to
isolate the water storage tank from the ambient
temperature. In addition, the water pathways that rise and
descend are isolated.

Table 1. Specifications of the measurement tools.
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Fig. 6. A detailed schematic diagram showing the parts of the
system under study.

2.1 Experimental setup

The actual dimensions of the current SWH are 0.7 m in
height, 0.45 m in diameter for the tubular absorber, and
0.6 m in diameter for the double-glazing panels that
surround it. The diameter and length of the tube for the
SLP are 0.4 mand 0.75 m, respectively. The TPC and SLP
are separated by an insulating layer that is 0.025 m thick.
This prevents thermal loss from the back of the light tube
and shields it from thermal and physical shocks. Thermal
conductivity, k= 0.17 W. m™.'C" is achieved by using
0.0015 m transparent acrylic glass sheets (with 92% total
transmissivity) for the double cylindrical glazing that is in
use [42]. By acting as a transparent heat barrier, it prevents
heat from escaping into the surrounding spaces. A loft
glazing seal made of clear acrylic sheeting was installed
on top of the SWH, facing the sky, to help transmit solar

Measuring device Range Uncertainty
Data acquisition and -50 to 900 +0.25
thermocouples [°C]

Pyranometer [W. m?] 0 to 2000 +5%
Thermometer [°C] -200 to 1370 +(0.2%+0.6)
Flow meter [L. min™] 0to6 +5%

2.2 Measurement tools

Four K-type thermocouples and a data acquisition
system (Omega 3005) were utilized to measure the
temperatures of both the storage water and the output
water collector. Within the storage water tank, three
thermocouples were vertically positioned, with the first
placed at the top, the second in the middle, and the third at
the bottom. The entry collector temperature was
determined by averaging the data from these three
thermocouples. Sun insolation was measured using a Kipp
and Zonen kind pyranometer (model CMP3), with the data
recorder connected to both the pyranometer and the
thermocouples. Additionally, a digital (type UT325)
thermometer and a water flow (YFS401) meter were
employed to record ambient temperature and water flow
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rate, respectively. Table 1 provides detailed specifications to a data logger (every 15 minutes and integrated
of the measurement tools utilized in the experiment. over 1 hour).
Table 2. Experiments performed on the suggested SWH. 1200 90
Date Season Remarks 1000 - 80
June Summer = The environmental conditions in the vicinity L 70
21,2021 are assessed and documented, incorporating 800 1
September  Autumn mea§urements of solar radiation intensity, T 600 r GOF
23,2021 ambient temperature, as well as the = L s0 __g
December Winter temperatures within the SWH system. = 400 - -
21,2021 = The instantaneous and daily thermal /\ [ 40
March Spring  efficiencies of the solar heater under 200 4 —Is [W/m*"2) L 30
22,2022 examination are computed. o L | | I‘Ta’“f’['q . | | I P
8 9 10 11 12 13 14 15 16
2.3 Experimental procedure Da\‘(';;'“elhrl
The experimental procedure remained consistent across 900 80
all tests. Table 2 shows the days and seasons of the tests 890 1 L 70
administered. The following experimental procedure was Zzz [ o
adhered to: 500 ] B
> The integrated system is constructed, washed, 00 ] [0S
sanitized, and dried. =300 1 Fa0F
»  System parts are interconnected and mounted on the 200 1 /_:w;ﬂ\ L 30
testing facility roof. mg ] —Tamb ['C "
»  Subsequently, the hold water tank is loaded with 60 8 9 10 11 12 13 14 15 16
L of spout water. Da\E'bT)"“e thr]
» Surrounding temperature is observed utilizing a o0 o
calibrated thermometer.
> The test is initiated by emptying water from the %% 50
water-tank through the incorporated SWH and 400 - o
initiating circulation via the thermosyphon-effect. T 300 &
»  The Passive-Thermosyphon SWH operates by simply EQOO 1 L 30 +F
supplying water from the bottom outlet of the storage - I
tank. 100 /—ls[wfrwl\ 20
>  Following this, water circulates through the TPC, ol — 1 e L
absorbing incident solar radiation and converting it g9 10 ”Davf;mlﬁ] wos1e
into thermal energy for the water within the collector (c)
pipes. 800 70
> Heated water is then directed-back to the water 700 1 .
storage tank through the upper inlet. 600 -
»  Colder inlet water, denser due to lower temperatures, T 500 1 I SOU
settles at the bottom of the tank and is also drawn 3 400 1 405
into the collector's base. =300 1 L 30"
»  Conversely, as the water temperature rises, less dense 200 1 /_Is—[;;]\ [ o
water ascends to the top of the tank via the outlet 1001 —Tamb Q) .
tu be : ’ 8 9 1'() 1'1 1I2 1'3 1.4 1'5 1.6 v
» Measurements are registered over eight hours of Day-Time [hr]
sunshine (i.e., from 8 a.m. to 4 p.m.). (@)
>  Water storage, outlet collector temperatures, and Fig. 7. Variation of the solar radiation intensity (ls) and the
solar insolation are measured and recorded using ambient temperature (T,m,) through the test period for (a) June

21,2021, (b) September 23, 2021, (c) December 21, 2021, and (d)

K-type thermocouples and a pyranometer connected
March 22, 2022.
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Fig. 8. Variance of the outlet water temperature (T,) and the
inlet water temperature (T,;) through the test period for (a) June
21,2021, (b) September 23, 2021, (c) December 21, 2021, and (d)
March 22, 2022.

2.4 Efficiency evaluation

It is necessary to look at how the sun's insolation and
surrounding temperature affect the suggested solar heater's
effectiveness in different seasons in order to determine
how practical it is. The following equation can be used to
calculate the instantaneous thermal efficiency of the
heater, represented as M, ins [44].

Nth.ins = Quseful 1)

Qsolar

The following formulas are used to determine the solar in-
solation input power and the usable output heat power.

Qy =ity pr (Two _Twi) 2

Qs = L A, ®)

where Twi and Two are the water collector's intake and
outlet temperatures in [°C], respectively, and mw is the
water mass flow rate in [kg. s-1]. Cpw is the water specific
heat in [J. kg-1. °C-1]. The incident solar radiation is
expressed as Is in [W. m-2], while the collector area for
solar heater or serpentine tubes is expressed as As in [m2].

Enter the following values into equations 2 and 3,
replacing: (1) rhy (mass flow rate) = 0.0042 kg. s™ (or
volume flow rate, Q,= 15 L/h); (2) C,,= 4187 J. kg*. 'C%;
(3) A= N(ntDyps)(nDy), where Dys= 45 cm is the circular
serpentine tube radius or absorber diameter, D= 1 cm is
the external diameter of the copper tube, and N= 20 is the
number of turns or coils. Afterwards, the thermal
efficiency instantaneous, M, ins, Will be;

17.6 AT,
=TT 100 (9 4
Ntn ins 001, (%)

3 Results and Discussions

Aswan City's normal environmental conditions were
employed for an experimental test of the TPC's efficiency
in the present system. In order to assess the SWH's
performance in real practical use, it was examined and
studied against various temperatures and weather
circumstances throughout the year, i.e., throughout various
seasons of the year, as shown in the following paragraphs
and Figures 7 - 9.

In 21 June 2021, being a summer month, the initial
experiment was carried out on the present solar heater.
During this period, the system's efficacy was evaluated by
documenting the water and surrounding temperatures
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alongside solar insolation levels. As depicted in Figures 7
— 9, the peak water temperature achieved during this
timeframe stood at approximately 70°C. Moreover, under a
total solar insolation of 7090 W/m?/day and a recorded
maximum surrounding temperature of 44°C, the highest
instantaneous thermal efficiency reached 34.5%.
Observing Figures 7 — 9, it becomes apparent that with the
rise in solar radiation and the disparity between water
temperatures, the ratio AT/l escalates, thereby
augmenting the efficiency of the tubular collector until it
reaches a pinnacle, followed by a subsequent decline.

In 23 September 2021, during the autumnal season, the
heater under investigation was the subject of the second
experiment. This period's measurements and displays of
the surrounding air temperature, solar insolation, and
consequent water temperature are shown in Figs. 7 and 8.
Simultaneously, the performance of the current heater
system was evaluated (Fig. 9). As portrayed in Figures 7 —
9, the peak water temperature achieved during this
timeframe stood at 63.3°C. Moreover, under a total sun
insolation of 5590 W/m?%day and a recorded maximum
surrounding  temperature  of 39.4°C, the highest
instantaneous thermal efficiency reached 35.5%. Upon
examining Figs. 7 - 9, it becomes evident that as solar
radiation and the difference between water temperatures
increase, the ratio AT/l also rises, leading to an increase
in collector efficiency until reaching its peak, after which
it gradually declines.

In 21 December 2021, a winter's day, the third test was
carried out on the SWH. Together with the output water
temperatures, other relevant meteorological data were
recorded, such as ambient temperature and solar insolation
(Figs. 7 and 8). In the interim, the water heater's efficiency
for this period was also computed, as shown in Fig. 9. As
depicted in Figures 7 — 9, the peak water temperature
achieved during this timeframe stood at approximately
44°C. Moreover, under a total ray’s exposure of 3730
W/m?/day and a recorded maximum ambient temperature
of about 26.5°C, the highest instantaneous efficiency
reached 36.5%.

In 22 March 2022, a spring's day, the fourth
experimentation was conducted on the suggested heater.
Together with the output water temperatures, other
relevant meteorological data were recorded, such as

surrounding temperature and sun insolation (Figs. 7 and 8).

In the interim, the heater's efficiency for this period was
also computed, as shown in Fig. 9. As depicted in Figures
7 — 9, the peak water temperature achieved during this
timeframe stood at 55°C. Moreover, under a total ray’s

exposure of 5190 W/m?%day and a recorded maximum
surrounding temperature of about 33°'C, the highest
instantaneous efficiency reached about 29%.

100

+ 90

Th, soni= -0.0291* + 0,797 - 8,541542 + 38.804x - 28.159 [ 8o
R*=0.9985

F 70

-
- e

g =il ML
= 00T 0397 s LSt s 55T 26408 | OO ]
= 15 A g R¥=0.9994 -
E Pl L 50
10 A F 40
+ nth [%] B Two [°C]
5 + 30
4 —Poly. (nth [%]) —-Poly. (Two [*C])
0 20
8 9 10 11 12 13 14 15 16
Day-Time [hr]
(@)
40 100
35 4 F 90
30 F 80
25 swi=-0.0281c" + 0.847743 - 9,203742 +40.561x - 25.708 L 70
—_ Ri=09923 . i =)
£ 20 4 e e % Le0
= . .
15 4 ./’ T 0.0286x- 051940 + 2677 + A 1551k + 20747 [ 00
1 - R?=0.9994 F
4 7 L
" 1 A + nth [%] B Two [*C] I 40
wo
59 & " F 30
g —Poly. (nth [%]) —-Poly. (Two [*C])
0 T T r r T T T T T 20
8 9 10 11 12 13 14 15 16
Day-Time [hr]
(b)
40 70
35 A
J - 60
30 A
J Tho, swoe=-0.0052x + 0245 - 38782 + 22.722x - 7.9444
25 R'=0.9941 r 50
iy mmE—— g <
£ 20 P e S
:f 4 " Toee= 0.0278¢* - 0,611 + 3.73857 - 1.2727% + 12.589 =
15 A Pres R?=0.9968
J o - 30
10 - -
» * nth [%] uTwo [*C] L 20
5 1 -
]l u —Poly. (nth [%]) —-Poly. (Two [°C])
0 T T T T T T T T T 10
8 9 10 11 12 13 14 15 16
Day-Time [hr]
(©
30 90
- 80
25 4 L
Ths, swi= -0.0396x* + 0.8956x° - 7.8234x? + 30,925 - 18.111 - 70
20 - R?=0.9928 L
- 60
— e~ — - r o
Ei1s - L T
P T 8
= 1 - =
A7 Toa= 0.0043xF - 0.1426i° + 0.6843% + 6.5479x+ 13972 [ 40
10 A e R=09993 L
il F 30
e + nth [%] B Two [°C] I
5 = nth [%] [c [ 50
1 —Poly. (nth [%]) —-Poly. (Two [*C]) L
0 T T T T T 10

8 9 10 11 12 13 14 15 16
Day-Time [hr]

(d)
Fig. 9. Fluctuation of the SWH thermal efficiency (ng) and the
output collector temperature (T,,) across the test period for (a)
June 21, 2021, (b) September 23, 2021, (c) December 21, 2021,
and (d) March 22, 2022.
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Finally, concerning the original configuration of the
present integrated system, the recorded temperatures show
a largely appropriate and suitable range. The recorded
water temperatures, as shown in Table 3, confirm that the
SWH under investigation is operating effectively. In
experimentations 1 and 2, which were conducted in the
summer and autumn, the average instantaneous efficiency
or daily efficiency was about 28.5% and 29.5%,
respectively. The average surrounding climate, with sun
insolation surpassing 620 W/m? and average ambient
temperature exceeding 30°C, is what produced these
results.

Because of the drop in sun insolation, which in trial no.
4 or spring reached about 575 W/m? the average
instantaneous efficiency was impacted and reached 26.5%
(Table 3). The average instantaneous efficiency was the
highest at 31.5% despite the decrease in sun insolation,
which reached approximately 415 W/m? in test no. 3, or
winter. This phenomenon might be attributed to factors
such as the inclination angle of the tubular collector, solar
parameters like altitude and azimuth, or the notably low
water temperatures and their ability to maximize heat
absorption.

Table 3. A summary of the average results obtained from the
SWH tests.

Test Test Is, Tamn,  Twi, Two, MNin,
date season avg avg avg avg avg
Wmd)  (C) () () (%)

June Summer 788 39 47 58.5 28.6
21,2021

September  Autumn 621 33 435 52.5 29.5
23,2021

December  Winter 414 20 28 345 315
21,2021

March Spring 576 27 36.5 44 26.6
22,2022

4 Conclusions and Future Works

The creatively designed system combines the idea of a
solar water heater with a solar light tube system; the
difference is that the plate is now tubular rather than flat.
Lower production costs and space needs are the outcomes
of this combination. To fully assess the system's
performance, the thermal performance of the current solar
heater has undergone extensive experimental testing and
analysis throughout a variety of seasons. The following
important outcomes can be drawn from this research:

» Theratio AT,/l; was shown to grow with an increase
in solar radiation and change in water temperature.
This, in turn, led to an increase in the efficiency of

Re

as:

>

the tubular collector, which reached its peak before
progressively declining throughout the year seasons.
A successful performance is shown by the greatest
instantaneous efficiency of around 36% and the
highest temperature for water of about 70°C,
respectively.

During the trials, the suggested solar water heater's
maximum daily thermal efficiency was about 31%.
Ultimately, from the all results obtained, the
proposed integration strategy presents a viable and
effective solution to address Egypt's daytime power
interruption challenges by harnessing solar energy
for electricity saving.

commendations for future work can be summarized

The coil number of turns in the SWH should be
numerous and cover most of the absorber area, as it
directly affects the solar heater efficiency.

Using a storage material inside the SWH storage tank
to increase the productivity during the night hours.
To facilitate precise control and maintenance of
water temperature during late daytime hours and at
night period, the utilization of a variable-speed rotary
pump, accompanied by two solenoid-valves and a
controller, is imperative in the SWH.

An embedded ventilation fan powered through the
PV panel and battery could be added to the SLP to
allow air circulation indoors.

Nomenclature

Latin alphabet

A Area, [m?]

Al,O3 Aluminium oxide

CO; Carbon dioxide

Co Specific heat, [J. kg™.'C?]

Is Solar insolation, [W. m?]

k Thermal conductivity, [W. m™. 'C?]
1 Mass flow rate, [kg. s™]

Q Thermal energy transfer, [W]

Q Volume flow rate, [m®. s

T Temperature, ['C]

Greek alphabet

MNth, ins Instantaneous efficiency [%]
(S} Incidence angle, [deg]
P Density, [kg. m™]
Subscripts

abs Absorber

amb Ambient

avg Average

i Input

0 Output

S Solar

w Water
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Abbreviations

FPC Flat Plate Collector

PCM Phase Change Material

SLP Solar Light Pipe

SWH Solar Water Heater

TPC Tubular Plate Collector

TT Twisted Tape
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