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naturally and inexhaustible, like wind, biomass, solar, tides,
wave and hydropower that don't derive from fossil fuels within
the name of renewable energy. The importance of this rising
field is even more apparent after we have to be compelled to
find ways in which to provide clean, safe and economical
energy devices while not damaging the atmosphere. The solar
updraft towers are power plants that produce electricity by
straightforward however economical operation by using the
solar power to form density difference between the air layers
within the collector and therefore the air in the chimney, that
acts because of the same principle as the greenhouse. it's a solar
thermal station composed of an air collector (greenhouse), a
tower (chimney) to get the variation in pressure in order that the
warmth load flows from the solar power and a rotary engine
unit moves through the heat transfer fluid (HTF). This fluid is
Key Words— Solar radiation, solar updraft tower, El- found below the greenhouse to provide electricity. Feasible
technology-centered to utilize renewable energy should be
Beida City, experimental and mathematical modeling.
uncomplicated and reliable, approachable to the developed
communities that are sunny and infrequently have limited raw
I. INTRODUCTION
resources, and therefore the technology required to operate. It
HILE today's societies are starting to acknowledge should not need a cooling agent and should be based on ecorenewable energy potentials as an alternative energy friendly and recyclable materials. Thus the solar updraft tower
source due to being environmentally friendly and meets these needs. A typical illustration of the concept and
therefore the undeniable fact that during this field harness the technology behind the solar updraft tower is shown in Fig.1.
facility of a non-depleting power supply, therefore, the name
renewable is in fact not a recent trend during which humans
discover the way to harness energy from nature for thousands
of years. however once oil and fossil fuels were first discovered
within the decade With great potential at the time, with the
passage of time, major industrial societies began to understand
that fossil fuels were already depleted at an alarming rate due to
excessive use and increasing demand. It's environmental
negatives witnessed for the first time The change in the
reliability of mankind to clean energy sources, that are the
results of natural and repetitive movement in the surrounding
isn't a new technological concept, and any energy that occurs
Abstract—As the population grows, the demand for energy
and the consumption of fuel increases as well. Causing
carbon dioxide emissions to rise at an alarming rate
affecting the ecosystem heavily. Moreover, the quantity of
fossil fuel is depleting leading to search for a more
sustainable energy source. This study presents the design
of an experimental small pilot to collect data about
temperature distribution and air velocity also to predict
the power that can be produced, the solar radiation
intensity, environment temperature, and the ambient air
velocity is collected to, a mathematical model of the system
has been worked out to evaluate its data with the
experimental data.
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Fig.1. Solar chimney system (Al-Kayiem and Aja, 2016)

The use of radiation to heat the air and later convert it into a
supply of energy was planned in 1903[1], once the Spanish
army commissioned military officer, Isidoro Cabanyes,
submitted a proposal for a solar chimney to la Energia
Electrica[2]. additionally, Hanns Gunther experimented to
prove its effectiveness in Manzanares, Spain within the 1980s
[3]. The collector was concerning 244m diameter whereas the
chimney was about 200m tall and 5.08m diameter [4]. The
plant produces energy of concerning 50 kW [5].
52

Libyan Journal of Engineering Science and Technology (LJEST) Vol. 1, No. 1, 2021
Since then a lot of researchers shows a good concern in it to
check the potential of the solar updraft towers around the
world. Pasumarthi and Sherif [6] engineered a demonstrated
model of a solar chimney power station in Florida, America,
and they place two enhancements to the system by extending
the collector and put an absorbent medium to increase the
facility efficiency. In [7] analyzed the solar chimney power
station as an ideal air cycle, the anlysis includes chimney
friction turbine and mechanical energy losses and created a
mathematical model to predict the performance of an large
scale plant, the model additionally variated by comparison it
with an information of a small scale. Another study [8]
described his sensible expertise and economy on the solar
updraft tower, and therefore the knowledge of building and
operating the solar updraft power station in the European
nation was presented and mentioned to apply the same system
in Australia. In Aswan, Egypt [9] a solar chimney was
constructed the chimney height was 20.0 m, its diameter was
1.0m, and therefore the collector was a four-sided pyramid,
that had a length of 28.5 m. A mathematical model is
employed to predict its performance. The model shows that
the plant will turn out the most theoretical power of 2 kW.
Abuashe [10] implemented an experimental small scale pilot
within the town of Subrata west Libya the collector surface is
in a circular form with area of 126m2 the solar chimney was a
PVC tube with internal diameter of 0.2 m, and therefore the
total height of chimney was 9.8 m then collected data are
evaluated with a mathematical model to predict the
performance of the pilot. Solar updraft towers also called solar
wind or solar flue plants, provide a simple technology to
generate renewable electricity, with steady and reliable
production. different renewable sources of energy, like wind
turbines and solar arrays, suffer from the big day and seasonal
fluctuations or sudden production patterns. One of the
numerous perks that The solar updraft tower technology has
over the traditional solar energy plant technology lays in its
simple flexible design, and therefore the fact that this station
employs lesser moving elements than different solar energy
harnessing strategies ensuing reduction in maintenance
expenses in the long term, a comprehensive researches
covering a large and thorough experiments on structure
,indicates that the thermodynamical analysis for the parts of
the solar updraft tower (SUT) well performance and
responsibility for all sizes in broad region across planet [8].
The study of solar updraft power stations in Libya has not
been sufficiently addressed. Moreover, this paper provides an
outline of this technology, together with each a mathematical
model and experimental information measuring. Ultimately,
this study will provide an experimental small pilot model to
gather data regarding temperature and air distribution to
predict the output that can be produced as a case study in ElBeida city, Libya.
II. METHODOLOGY
The methodology of this paper is to construct a small scale
pilot of solar updraft tower by recycled materials:



A black Pvc pipe with a diameter of 0.11m and 2.5m tall
as a chimney.
 A plastic cover (the collector) with a diameter of 2m.
 A metal base structure as a holder to the collector and also
the chimney.
 A small PC fan as a turbine.
The pilot helped to collect data about:
 The solar intensity.
 Heat distribution in the collector.
 Air velocity in the collector.
 The ambient air temperature.
The speed of ambient air.
III. MATHEMATICAL MODEL
The mathematical model depends on the basic governing
equations of fluid dynamics – the continuity, momentum, and
energy equations. they're the mathematical statements of three
fundamental physical principles upon that each one of fluid
dynamics is based:
1) Mass is conserved, 2) Newton’s second law, 3) Energy is
conserved
These three fundamental principles are written in the style of
partial differential equation as shown below
Continuity equation:
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The State equation is:
(4)
The assumptions are taken into consideration:
1. (Steady state) incompressible flow.
2. The flowing air in the system is considered as an ideal gas.
3. The heat transfer through the collector is uniform because
it is thickness is very small.
4. The heat transfer is in one-dimension in the (ydirection)./one-dimensional heat transfer in the (ydirection).
5. The fluid moves in the axis of (r -direction).
6. The collector is a transparent roof admits direct and
diffused solar radiation and retains long-wave radiation
from the ground (absorber).
7. The heat losses from collector edges are negligible.
8. The air is flowing in the radial direction.
9. The heat losses through the wall of the chimney are
neglected [9].
10. The type of convection heat transfer in the collector is
regarded as natural convection.
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As shown Fig.2 all the sections of the solar updraft tower
have been numbered, therefore the rise in temperature
according to this station can be calculated from the energy
equation:
(

(

)

)

(5)

(17)
Hence the heat is decreasing bcause of this impact therfore:
(18)
The air is assumed as an ideal gas and by replacing equation
(18) in equation (17), P4 can be calculated by:
(

)

(19)

From equation (18) and by similarity:
(20)
By using the equation of state:
(21)
According to [14], the theoretical driving pressure
the difference between the pressure of cold air at point (1), and
the
Pressure of hot air at point (3):
(22)
The solution procedure is shown in Fig.3:
Fig.2. Schematic layout of a solar chimney power plant(Wang et al., 2012)

Because of the small impact of friction and the low of Mach
number the kinetic energy can be neglected so that,
(
)
(6)
By using the energy equation and Gibbs equation the
analytical power that can be extracted from the turbine can be
determined from:
(
)
(7)
∫
Where:
(8)
(9)
(10)
By using [11] developed model, momentum, and energy of
the flow under the collector:
(

)

(

)
(11)

According to [12]:
(
And from equation (6):
(

)

(12)

)

By manipulating:
(
) (

(13)
(14)

)

According to [13] U=5w/m2 and =0.76. The process from 2
to 3 is considered as an isentropic process:
( )

(15)

By manipulating the momentum and continuity equation for
the cross-section area of the chimney the pressure P3 will be:
(

)

(

)

(

)

(16)
The chimney has a negative impact on pressure due to
negative work done by gravitational force:

Fig.3. Flow chart of the solution method
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IV. EXPERIMENTAL PROCEDURE
A. The building of a pilot setup:
To perform a detail investigation into the measured
temperature field in solar chimney power system, a pilot
experimental setup as shown in Fig.4 consisted of an air
collector 2 m in diameter and a 2m tall chimney was built, and
to avoid the shadows of buildings on the collector, the solar
chimney power setup was built on the roof of a building in ElBeida, Libya.

V. RESULTS AND DISCUSSION
A. Experimental results:
In the course of experimental measuring, the turbine
generator is under no-load conditions. Taking the
experimental results obtained in the solar updraft set up on
July for 3rd, 4th , 5th 2019 at 6:00 am to 8:00 pm for each hour
as an example, the solar radiation on the setup is shown Fig.6,
the distribution of air temperatures at different points under
the collector in the setup are shown in Fig.7. In Fig.6 the
solar radiation information gathered for three days indicates
that the 3rd of July day had the greatest solar radiation gain
approximately 1000W / m2, therefore the data of 3rd day is
taken into consideration and discussed.
Solar radiation for Three days
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Fig.4. Picture of the experimental solar chimney power setup

B. Measuring the temperature and velocity distribution:
An infrared thermometer was used to measure air
temperatures. We chose 6 typical points in the collector as
shown in Fig.5. The points of 1–6, in the collector, were used
to measure air temperatures and velocity. Further, a thermal
anemometer with the accuracy of ±0.5°C ±0.01 m/s is used to
measure the velocity of airflow and to measure the ambient
temperature and ambient air velocity.

Fig.5. The distribution of test points
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The framework of the collector 2 m in diameter was
constructed of Steel iron base with dimensions of (60X100
cm) to ensure enough strength to resist strong winds because
the experimental setup was located outdoors. In order to
produce a greenhouse effect, a single plastic tube sheet of
transparent plastic was used to cover the framework. The
function of the plastic tube filled with water and closed on the
ground under the collector is absorption and storage of solar
energy

Fig.6. Solar radiation for three days
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Fig.7. Heat distribution under the collector

Fig.7 presents the variations of air temperatures within the
collector, and some conclusions can be drawn as follows:
1) The variations of air temperatures in the two sides of the
collector are nearly uniform. However, the air temperatures
at points of 1–3 in the collector are a little greater than
those at points of 4–6, because the southern side is more
exposed to sunlight and the setup is located in the Northern
Hemisphere where the southward sloping surface of the
collector will let solar radiation in with higher efficiency
than northward sloping surface of the collector.
2) The temperatures usually increase from the periphery to
the center. The temperatures at the point of 3-4 are usually
the highest, since that the point of 3-4 is located near the
center of the collector. the results at the point of 6 are the
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lowest because point 6 is located in the north and close to
the collector opening.
Taking the experimental results obtained on July 3rd, 2019
as an example, data of air velocity in the chimney inlet and
ambient airspeed at different times of day from 6:00 am to
8:00 pm were measured, and are shown in Fig.8.

VI. CONCLUSION
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Fig.8. Air velocity of chimney inlet and ambient air velocity

As seen from Fig.8, the distributions of chimney air velocity
are not uniform as a result of the fluctuation of hot air
accumulated under the chimney, the difference between
chimney air velocity and ambient airspeed is reached the peak
value at 1:00 pm and it was about 4m/s.
B. Mathematical model results
To validate the analytical model, the theoretical data were
compared with the experimental results of the small scale
prototype from El-Beida, Libya. The comparisons between the
theoretical predictions and the experimental values are
presented in ( Fig.9 and Fig.10 )
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Fig.9. Comparison between the experimental and mathematical model in the
chimney inlet temperature value
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The theoretical results display the same general trend of the
experimental. It is noted from (Fig.9 and Fig.10) There is an
agreement between the experimental results and that predicted
by the present model. However, some differences between the
measured and predicted results do exist due to the assumptions
and idealizations of the analysis.

16

Fig.10. Comparison of experimental and mathematical model in the power
output

In this study, a small-scale experimental model was
constructed and used to conduct measurements to study solar
chimney system performance, as well as a mathematical
model to predict the solar updraft tower's energy output. In ElBieda City, Libya, a pilot experimental setup was constructed
to explore the temperature distribution as well as examine the
impact of day time on the temperature field. A 2m diameter
collector was constructed on a base of a steel frame. A 2 m
high chimney was made of 0.11m diameter PVC drainpipes.
In this paper, researchers evaluated the temperature
distribution in the solar updraft tower based on the
experimental temperatures measured in the solar updraft
tower. The temperature difference between the collector outlet
and the environment can usually reach 10°C, responsible for
generating the airflow driving force in the system. This is the
greenhouse effect that the solar collector produces. The results
of the present theoretical model have been compared with the
results of the small-scale prototype experimental work. The
results were at a good agreement.
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NOMENCLATURE
A
Acoll
cp

flow area, m2
collector area, m2
specific heat capacity at constant pressure,
J/(kg K)
gravitational acceleration, m/s2
chimney height, m
roof height above the ground, m
solar irradiation, W/m2
mass flow rate, kg/s
pressure, Pa
insolation, W/m2
ideal gas constant, J/kg K
chimney radius, m
roof radius, m
absolute temperature, K
collector loss coefficient, W/m2 K
flow velocity, m/s
power, W

g
hchim
hcoll
I
m
p
Q
R
rchim
rcoll
T
U
V
Wanalytical
Greek symbols
α
collector absorption coefficient
∆Ptot
pressure drop, Pa
γ
specific heat ratio
ρ
density, kg/m3
Subscripts
1,2,3,4
position along solar updraft
chim
chimney
tot
total pressure component
PVC
polyvinyl chloride
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