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Abstract

Environmental friendly and sustainable energy policies are gaining importance day by day. A prototype solar chimney constructed in
Elazig is investigated experimentally in terms of temperature distribution and solar chimney efficiency. Elazig is in the third degree
day region where the temperature varies between -15 ° C and + 42 ° C. The experimental results showed that the efficiency depends on
height of the chimney and the temperature of ambient. The higher the height of the chimney, the more is the efficiency. However, the
effect of ambient temperature on the efficiency seems to be very low. It was seen that, solar chimney system can be an alternative system
for energy production under Elazig conditions.
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Kiiciik Bir Giines Bacasinin Sicaklik Dagilimlarinin Incelenmesi
Oz
Cevre dostu ve siirdiiriilebilir enerji politikalari giin gectikce 6nem kazanmaktadir. Elazig'da yapilan prototip bir giines bacasi, sicaklik
dagilimi ve giines baca etkinligi agisindan deneysel olarak incelenmistir. Elazig, sicakligin -15 © C ile + 42 © C arasinda degistigi ii¢iincii
derece giin bolgesindedir. Deneysel sonuglar, giines baca yiiksekliginde bir artisla verimliligin arttigini géstermistir. Verim, baca
yiiksekligine ve ortam sicakligina baglidir. Baca yiiksekligi ne kadar yiiksek olursa verimlilik o kadar fazla olur. Bununla birlikte, ortam

sicakliginin verimlilik tizerine etkisi ¢ok diisiik gdriinmektedir. Giines baca sisteminin Elazig sartlarinda enerji {iretimi i¢in alternatif bir
sistem olabilecegi goriilmiistiir.

Anahtar Kelimeler: Giines enerjisi, Giines bacali gii¢ sistemleri, Verim.

1. Giris

Today, about 75% of global energy consumption is provided from fossil fuels that cause climate change and various environmental
problems. (Jamali et al., 2019). It is estimated that, the current world energy requirements can be supplied by renewable energy by more
than 3000 times with more than 93% from solar energy (Ellabban et al., 2014).

Due to its geographical location, Turkey has a better chance compared to other countries in terms of its solar energy potential. Turkey
has an average annual time of 2640 hours (7.2 hours per day) and an average annual solar radiation of 1311 kWh/m?-year (3,6 kWh/m?
per day) (EIE, 2006). Since solar energy is an inexhaustible and inexpensive source of energy and does not harm the environment, the
use of solar energy is becoming more common.
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The idea of the solar chimney was first introduced by Schlaich in the late 1970s. Then, the construction of a pilot plant in Manzanares,
Spain was started. This pilot plant with a power capacity of 50 kW has produced electricity for 7 years.

Increasing use of solar energy has been effective in the development of solar chimney technology in recent years. A solar chimney
system typically comprises of three important components, a chimney, a solar collector, and a turbine.

A solar chimney power plant was analyzed in the Arabian Gulf region (Hamdan, 2011). The analysis indicated the most essential
physical factors for the design of a solar chimney are the height of the chimney and the turbine pressure head.

An improved solar chimney concept to produce electricity with low-grade heat in thermal power plants was performed by Ghorbani et
al. (2015). Their results indicate a maximum of 0.538% rise for the thermal efficiency of the power plant with fossil fuel.

A simulation for the full-year power capacity of a conventional and a sloped solar chimney power plant with maximum solar radiation
angle and maximum power generation angle were performed by Cao et al. (2018). It was concluded that the two important factors which
influence the sloped solar chimney power plant’s power capacity and accumulated power generation were the temperature rise of the
air in the solar collector and the system height.

Prakash et al. (2019) made some design configurations for conventional solar air heaters to improve the thermal efficiency. Among the
designs investigated, the highest average value of thermal efficiency of 16.5% was achieved by the forced induced glazed air heater
with fins in solar chimney.

Solar chimneys were also used for cooling purposes (Jamali, 2019). Jamali et al. (2019) investigated a solar chimney for cooling a semi-
transparent photovoltaic power plant for five different cities with various climates, thermally and economically.

There are studies investigating the effects of ground materials (Al-Azawie et al.,2014), wind speed and direction (Aja et al. 2013), the
usage of phase change materials (Li and Liu, 2014), geometrical effects (Kasaeian A. 2014, Ming et al. 2013) and air humidty (Ninic
2006) on the performance of solar chimneys. An updated review on solar chimneys has been provided by Kasaeian, 2017.

In this study, a solar chimney was constructed in Elazig in the third degree day region of Turkey. The temperature distribution and power
generation of the system is investigated experimentally.

2. Material and Method
2.1. Experimental Set-Up and Procedure

Solar chimney is a thermal system developed to obtain electrical energy from solar energy. There are three basic principles in the solar
chimney system. These are greenhouse effect, chimney draft generated by the difference in density and temperature, and the kinetic
energy.

A solar chimney system typically comprises of three main parts, a solar collector, a chimney and a turbine. Solar radiation collected by
the solar collector and the greenhouse effect to warm up the air below the transparent collector roof are used by the system. A large
pressure difference occurs between the system and the ambient air because of a temperature and consequently a density difference
between the inside and outside of the chimney and this drives the wind turbine settled in the chimney for generating electricity. A
prototype solar chimney plant was constructed and mounted on the flat roof of Mechanical Engineering Department of Firat University
in Elazig, Turkey. Schematics and the assembly of the solar chimney are shown in Figure 1 and 2, respectively.

The collector, which was made of glass, has a diameter of 3.5 m. The chimney’s height is 3 m and diameter is 0.2 m. The dimensions
and the measurement points are given in Figure 1. A turbine was placed into the chimney. Thermocouples were mounted at the different
measurement points of collector and along the chimney. The voltage and current measurements were provided by a voltmeter. The
experiments were conducted on May 2017.
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Figure 1. Schematics of the Solar Chimney (a) Dimensions (b) Measurement points

Figure 2. Assembly of the solar chimney

2.1. Teorical Model

In general, the output power of the solar chimney is calculated by multiplying the solar energy entering the system with total efficiency
(Schlaich et al., 2005):
P = Q Neor (1

Here; P is the output power of the solar chimney. Solar energy entering the system and the total efficiency are represented by Q and nop,
respectively. The total efficiency consists of collector, chimney and turbine efficiencies. If equation (1) is rearranged (Schlaich et al.,
2005),

P = Q Mot NenNer 2

Here, 1, neh and ny are collector efficiency, flue efficiency and turbine efficiency, respectively. Collector efficiency can be determined
as below (Parthasarathy and Pambudi, 2019).

m cp AT
Neot =
Acol !
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where 1 and m are the collector efficiency and air mass flow rate (kg/s), respectively. ¢, represents the specific heat capacity of the hot
air (kJ/kg K) while the temperature difference between the hot air and ambient air is represented by AT (K). Aco and I are the solar
collector area (m?) and radiation intensity (W/m?), respectively.

Using the equation below the mass flow rate (m) can be calculated (Parthasarathy and Pambudi, 2019).
m=pAv (4)
where p indicates the density (kg/m®), A and v represent the outlet hot air vent area (m?) and hot air velocity (m/s), respectively.

Solar chimney’s efficiency can be determined from (Schlaich et al., 2005)

__9gHcn
Nen = cpTo (5)

Here, the gravitational acceleration is indicated by g. Hen is the chimney height and Ty is temperature of ambient.

Assuming that the air flow in the chimney is uniform, the maximum air velocity in the chimney can be calculated as,

AT
Venmax = ’2 g Hep To (6)

where AT is the temperature difference between the chimney entrance (collector exit) and the ambient.

3. Results

Fig. 3 shows hourly variations of the solar radiation for Elazig city. The maximum solar radiation is found at maximum value at 13:00
PM and recorded a value of 539.76 W/m?. The temperature variation along the chimney with time is given in Figure 4. As can be seen
from the figure, the temperature along the height of the chimney ranges from 29 to 40 ° C and reaches the maximum value at 11:50.

The measurements, at the same day at specified hours at the specified points and heights showed that temperature at B1 point reaches
the maximum value.
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Fig. 3. Hourly variation of solar radiation for Elazig.
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Figure 4. The temperature variation along the chimney with time

Figure 5 and 6 show the temperature distribution inside the collector, at the glass and floor and temperature variation at all measuring
points with time, respectively. The lowest temperature in the collector is measured as 29.1°C while the highest one is 40.2 °C. As can be
seen from the figures an increase in solar radition causes an increase in the temperature of measured points. It is seen that the ground
temperatures rises to 50 °C and the glass temperature rises to 46.5°C.
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Figure 5. The temperature variation in the collector, at the glass and ground with time
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Figure 6. The temperature variation at all measurement points with time

Figure 7 shows the velocity change with time along the chimney. It is seen that the velocity increases with time. The rise of the heated
air in the collector is directly proportional to the temperature increase in the collector and the diameter and the chimney height. The air
in the collector flows from the collector into the vertical chimney and then discharged to the environment because of the density
difference between the heated air in the collector and the ambient air. Therefore, as the solar radiation to the collector increases, the air
temperature in the chimney increases because of the temperature increase of the air in the collector.
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Figure 7. The velocity variation along the chimney with time

The variation of the solar chimney efficiency with the chimney height and ambient temperature is given in Figure 8. The efficiency
depends onthe chimney height and the ambient temperature. The higher the height of the chimney, the more is the efficiency. However,
the effect of ambient temperature on the efficiency seems to be very low.

e-ISSN: 2148-2683 114



European Journal of Science and Technology

(%)

i
¥ =)
i

i -
= 300

e ey 197
- 291 2™

 ags 288 °
Ambient temperature (E)

< 423

Solar chimney efficiency
&

Figure 8. Variation of solar chimney efficiency with chimney height and ambient temperature

4. Conclusion

With the increasing sensitivity to environmental pollution in the world, there are constantly new searches to meet the increasing energy
needs. Solar chimney power plants make positive environmental and economic contributions to the reduction of fossil fuel use through
solar energy. In this study, thermal performance of a prototype solar chimney established in the campus area of Firat University was
investigated. The experimental results showed that efficiency increased with an increase in the height of the solar chimney. Besides, the
velocity of the air in the chimney increased due to the increase in temperature in the solar collector. Elazig is a city in eastern Anatolian
which has an annual average radiation intensity of 1365 kWh/m? and has 2664 hours sunshine duration. Therefore, solar chimney system
can be an alternative system for energy production under Elazig conditions and a solar chimney power plant can be established in this
region.

Nomenclature

A outlet hot air vent area (m?)

Acol solar collector area (m?)

Cp specific heat capacity of the hot air (kJ/kg K)
Hen chimney height (m)

I radiation intensity (W/m?)

m air mass flow rate (kg/s)

P output power of the solar chimney (Pa)

v hot air velocity (m/s)

V ch maxmaximum air velocity in the chimney

To temperature of ambient (K)
AT temperature difference

P density (kg/m®)

Niop total efficiency

Neor  collector efficiency

References

Aja, O. C., Al-Kayiem, H. H., Abdul Karim, Z. A. (2013).Experimental investigation of the effect of wind speed and wind direction
on a solar chimney power plant. The Sustainable City: 179, 945-955.

Al-Azawie, S. S., Hassan, S., Zammeri, M. F. (2014). Experimental and numerical study on ground material absorptivity for solar
chimney power applications. WIT Transactions on Ecology and the Environment: 186, 219-230.

Cao, F., Liu, Q., Yang, T., Zhu, T., Bai, J., Zhao, L. (2018). Full-year simulation of solar chimney power plants in Northwest China.
Renewable Energy: 119, 421-428.

e-ISSN: 2148-2683 115



Avrupa Bilim ve Teknoloji Dergisi

Ellabban, O., Abu-Rub, H., Blaabjerg, F. (2014). Renewable energy resources: Current status, future prospects and their enabling
technology. Renew. Sustain. Energy Rev.: 39, 748-764.

Ghorbani, B., Ghashami, M., Ashjaee, M., Hosseinzadegann H. (2015). Electricity production with low grade heat in thermal power
plants by design improvement of a hybrid dry cooling tower and a solar chimney concept. Energy Conservation and Management:
94, 1-11.

Hamdan, M.O. (2011). Analysis of a solar chimney power plant in the Arabian Gulf region, Renewable energy: 36, 2593-2598.

Jamali, S., Nemati, A., Mohammadkhani, F., Yari, M. (2019). Thermal and economic assessment of a solar chimney cooled
semitransparent photovoltaic (STPV) power plant in different climates. Solar Energy: 185, 480-493.

Kasaeian, A.B., Molana, S., Rahmani, K., Wen, D. (2017). A review on solar chimney systems. Renew. Sustain. Energy Rev.: 67, 954-
987.

Kasaeian, A., Ghalamchi,Mehran., Ghalamchi, M. (2014). Simulation and optimization of geometric parameters of a solar chimney in
Tehran. Energy Conversion and Management 83: 28-34

Li, Y. and Liu, S. (2014). Experimental study on thermal performance of a solar chimney combined with PCM. Applied Energy: 114,
172-178

Ming, T., Gui, J., Richter, R. K., Xu, G. (2013). Numerical analysis on the solar updraft power plant system with a blockage, Solar
Energy: 98, 58—69.

Ninic, N. (2006). Available energy of the air in solar chimneys and the possibility of its ground-level concentration, Solar Energy; 80,
804-811.

Parthasarathy, P., Pambudi, N.A. (2019). Performance study of a solar chimney air heater. Case Studies in Thermal Engineering: 14,
100437.

Schlaich, J., Bergermann, R., Schiel, W., Weinrebe, G. (2005). Design of Commercial Solar Updraft Tower Systems—Utilization of Solar
Induced Convective Flows for Power Generation. Journal of Solar Energy Engineering of ASME: 127, 117-124.,

e-ISSN: 2148-2683 116


https://www.researchgate.net/journal/0196-8904_Energy_Conversion_and_Management
https://econpapers.repec.org/article/eeeappene/

