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 One of the disadvantages of solar PV systems is their low performance due 

to their high temperature, so the current article aims to study the 

performance of the PV / solar chimney, so the performance of the solar PV 

chimney was analyzed and studied during the months (February, March, 

April) of 2024, as the results showed that the lowest temperature of solar 

panels was during the month of February, where it reached (65.1oC  ) at 12 

pm, and that the highest amount of kinetic energy was also during the 

month of February, where it reached (15.21 MW) at 12 pm, And that the 

highest amount of electrical energy generated from photovoltaic panels 

reached during the month of April by (536,966 Watts), and the highest 

value of the electrical efficiency of photovoltaic panels reached during the 

month of February, where it reached (14.51%) at the beginning of the Test 

at nine in the morning, and the highest value of thermal efficiency reached 

during the month of April, where it reached (63.74%) at 12 pm. 
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Nomenclature 

 
SC Solar Chimney 

PV Photovoltaic 

PVC Polyvinyl Chloride 

MPPT Maximum Power   Point Tracking 

𝜂𝑒𝑙𝑒𝑐 Electrical efficiency 

𝑃𝑒𝑙𝑒𝑐 Electrical power (W) 

𝐼𝑠𝑜𝑙𝑎𝑟 The intensity of solar radiation  (W/m2 ) 

𝐼𝑝𝑣 solar panel-  current (A) 

𝑣𝑝𝑣 solar panel-  voltage (V) 

𝑄𝑢 Heat gain power (W) 

Ta Ambient temperature (oC) 

𝐶𝑝 Specific heat (J/kg.K) 

ℎ𝑤 Heat transfer coefficient (W/m2.K) 

𝑇𝑜𝑎𝑖𝑟
 The temperature at the chimney exit (oC) 

�̇� Mass flow rate (kg/s) 

𝐴𝑐ℎ Chimney tower area  ( m2). 

𝑉𝑐ℎ ,𝑒𝑥𝑝 Velocity of air exiting the solar chimney (m/s) 

𝜌 Air density (kg/m3) 

𝑃𝑘𝑖𝑛 Kinetic power  (W) 

𝜂𝑐𝑜 Efficiency of the collector (%) 

𝛼 Absorption 

τ Transmittance 

𝑇𝑔𝑙 Glass temperature  (oC) 

𝜂𝑡𝑜𝑡 Total efficiency (%) 

https://creativecommons.org/licenses/by/4.0/
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1. Introduction 

The energy problem is one of the most problems the 

world is currently facing due to the large and 

continuous increase in energy consumption, which is 

offset by a limited reserve of conventional energy 

resources, in addition to the environmental problems 

caused by conventional energy sources, as well as the 

significant rise in fuel prices, so researchers have 

developed new and alternative sources, including 

renewable energies, as there has been a large number 

of research in this area to benefit from solar energy 

[1]. Therefore, a reliable, cost-effective and durable 

renewable energy source should be sought for the 

energy demand generated in the future, as solar 

energy is a promising energy source and is freely 

available to manage long-term issues in the energy 

crisis among other renewable energy sources [2]. 

Therefore, scientists and researchers have been 

searching for new sources that are non - polluting, 

feasible and low-cost, which led to the emergence of 

the concept of renewable energy such as solar and 

wind energy .. etc [3] .The construction of the solar 

chimney plant to generate electric power has led to 

convenient opportunities to use non-polluting sources 

of the environment[4] . Writer Hans Gunther was the 

first person to propose the idea of a solar chimney 

system in his book on energy in 1931 to produce 

electrical energy, and the German engineer Schleich 

designed it in 1981 for the first time in Spain [5] .The 

solar chimney is one of the most important systems 

based on the exploitation of solar energy to produce 

clean electrical energy, where the maximum value of 

the electrical energy output of the solar chimney in 

Manzanares-Spain, which is the first solar chimney 

constructed in the world, as mentioned earlier, is 

about (50 kW ) [6] . The height of the solar chimney 

tower (180 m) and the diameter of the tower (5.08 M) 

and the radius of the solar collector (122 m) and this 

station continued to operate from (1982-1989) as 

shown in Figure (1) [7]. The main components of the 

solar chimney are the solar collector, the chimney 

Tower, the power generating unit, the turbine and the 

generator, which is a basic solar energy system that 

contains a solar collector capable of converting solar 

energy into thermal energy [8].  

 

Fig .(1) Solar Chimney In Manzanares In Spain[7]  

       Tayebi et al. [9] conducted a numerical study on 

the oldest solar chimney in Manzanares - Spain ) 

using the (Fluent ) program to analyze the 

characteristics of heat transfer and air flow in the 

solar chimney system where the dimensions of the 

chimney , the radius of the solar collector were 122m 

) the height of the chimney Tower (180m) and the 

diameter of the chimney (5.08 m ) where the distance 

between the floor and the cover was (1.7 m ) the 

numerical results showed that the temperature 

difference between the entry and exit of the solar 

collector and the air velocity in the collector 

increases with increasing the intensity of solar 

radiation and an increase in pressure drop in all parts 

of the system a comparison was made between the 

numerical and practical results of the model Spanish 

where they were compatible . Ahmed  et al 

.[10]conducted an experimental study to study the 

thermal and electrical performance in (Kirkuk –Iraq) 

with a longitude line (44.39 Eo) and latitude (35.46N 
o ) and using photovoltaic panels to generate 

electrical energy, and the test was conducted on a 

new design of the solar chimney system, where two 

models of the solar chimney were designed, in the 

first model the photovoltaic panels were placed as an 

absorbing floor of the solar collector with a glass 

cover and the chimney tower was made of iron and 

insulated using glass wool, but in the second model it 

was similar to the first model the only one is to 

replace the glass cover with photovoltaic panels, as 

shown in Figure (2 ), to make greater use of the 

radiation intensity The results showed that the heat 

gain in the first model is higher than the heat gain of 

the second model , but the daily average of the total 

electrical energy generated by the second model is 
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greater as the total electrical energy of the first model 

was(75.6W) while in the second model it was (79W).  

 

Fig . (2) (a) conventional solar chimney; (b) a 

hybrid solar chimney with photovoltaic 

panels.[10]. 

      Afnan et al [11] An experimental study of a 

hybrid solar chimney system, where it was designed 

with the following dimensions: [The length of the 

solar collector is 3.5 m and the width of the solar 

collector is 3 m, the diameter and length of the 

chimney Tower is 0.1 m and 3 m], respectively, the 

study was conducted for three months (December, 

January and February) and the researcher used six 

photovoltaic panels placed between the base of the 

collector and the glass cover, which gives the air free 

movement up and down the photovoltaic panels, the 

study was conducted in the city of Kirkuk – Iraq, the 

experimental results showed that the base of the 

chimney is the ideal place for the turbine, because the 

air speed is higher than other sites, and the air speed 

increases during the day to reach its highest speed at 

one o'clock in the afternoon , and the maximum 

kinetic and thermal energy reached W (280, 37) 

respectively in February , and electrical energy 

reached 950 W in January at one o'clock in the 

afternoon. The highest value of electrical efficiency 

was 17.8% in December. 

 

2. Photovoltaic Theory  

2.1 Solar Irradiance 

Solar radiation is the most important factor to 

consider when trying to achieve the desired output 

power ratio from the PV module. There are two 

components that make up the irradiance: the initial is 

the straight ray that travels to the Panel surface, and 

the second is the reflected irradiance that travels in 

the opposite direction after being returned from the 

PV panel surface. It is important to note that the 

irradiation is not sufficient to provide photovoltaic 

cells with the energy they need to generate electricity 

[8]. The direct irradiance that was received by the PV 

surface can be calculated using Equation 1. 

𝐼𝐷 = 𝐼𝐷𝑁𝑐𝑜𝑠𝜃                                     … … . . (1) 

Noted: ID is represented the straight irradiance, θ is 

the direct angle, and IDN is direct irradiance. 

3. Methodology 

      One of the disadvantages of solar energy systems 

is that their efficiency decreases with overheating, as 

high radiation intensity leads to overheating of 

photovoltaic panels, which reduces their 

performance. This research is aimed at analyzing the 

performance of the hybrid solar chimney and the 

article is arranged as follows: the practical part is 

explained in the third section. The mathematical 

equations are explained in the fourth section, the 

experimental aspect, analysis and discussion of the 

results are explained in the fifth section, and the 

conclusions are explained in the sixth section. 

3.1 Experimental Part 

         Analysis of the performance of the solar 

chimney over three months (February-March-April), 

where a photovoltaic / solar chimney was installed on 

the roof of the renewable energy research unit 

building at Hawija Technical Institute at an altitude 

of (8 m) located in northern Iraq on the coordinate 

line (35.19 No, 43.46 Eo) as shown in Figure (3 ) 

• The base of the wooden system. 

• The floor of the collector.   

• PV panel. 

• Glass cover. 

• Solar chimney Tower . 
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Table (1) Indicate the design dimensions of the 

solar PV chimney components. 

N

O. 

Geometric variables Value 

1 Length of solar collector (Lg) 2.42 

m 
2 Width of solar collector(Wg) 2.32m 

3 Height chimney (Hch) 3.00 

m 
4 Chimney diameter (Dch) 0. 1m 

5 Length of  photovoltaic solar panel 

(Lpv) 

2.28 

m 
6 Width of photovoltaic solar panel 

(Wpv) 

1.13 

m 
7 PV panel thickness(hpv) 3.5 

cm 
 

 

 

3.2 System Base 

      There are several very important factors to take 

into account for the manufacture of the base of the 

system, one of the important factors is the weight of 

the system, as the base must withstand the weight of 

the system and withstand the wind speed, so the 

structure was made of wood in a rectangular shape. 

Its dimensions are [length (2.42 m) ,width (2.32 m), 

thickness (0.1 m)] and height (0.08 m) from the 

ground, as the wooden frame is filled with white cork 

material as it is a heat-insulating, lightweight and 

low-cost material, the most important of which is 

available on the market, Figure (4-a) shows the 

wooden base filled with cork material. 

3.3 Floor of the Collector  

      The floor of the solar collector was made of 

aluminum material, where it was coated with a layer 

with a rectangular section of aluminum whose 

dimensions [ length ( 2.42 m), width (2.32 m), 

thickness ( 0.03)] on top of the Cork layer, where 

aluminum was chosen as an absorbent and 

lightweight material with high thermal conductivity 

and low cost . 

3.4 Photovoltaic Solar Panels 

      In this study, two solar panels were used in order 

to convert solar energy directly into electrical energy, 

the total capacity of the panels was (1100 W) with 

dimensions [ 2.28 m) length, (1.13 m) width, (0.035 

m) thickness ] and they were installed on the surface 

of the floor of the solar collector as shown in Figure 

(4-b), table (2) shows the specifications of the 

Photovoltaic  panels used in the experiment in detail. 

3.5 Glass Cover 

     In the study, a transparent glass cover of the solar 

collector was used with dimensions [(2.42 m) length, 

(2.32 m) width, thickness (0.004 m )] where it allows 

solar radiation to penetrate into the collector and was 

installed at an angle of inclination (5o) from the 

horizon where the height of the glass cover is from 

the surface of the photovoltaic panels to the Collector 

outlet (chimney Inlet) (15 cm) and the air inlet 

distance (0.03 m) above the photovoltaic panels, and 

silicone was placed on the edges of the glass cover in 

contact with the chimney in in order to prevent air 

leakage to and from the solar collector, Figure (4-C) 

shows the installation of the glass cover, Glass 

provides high transmittance and low reflection 

and prevents the penetration of infrared and 

ultraviolet rays compared to other transparent 

materials such as plastic. 

3.6 Solar Chimney Tower 

      It is a cylindrical and hollow pipe made of plastic 

material (PVC) and with dimensions [ (3 m) height, 

(0.1 m) diameter, (0.002 m) thickness], It was 

installed in the middle of the solar collector where it 

work as a pressure pipe , where a sealant was placed 

on the edges of the chimney Tower in contact with 

the solar collector . 

Fig. (3) The solar chimney system used in the study 
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(a) The regular base is filled with a layer of cock 

 

(b) PV solar  installed on the base of the system  

 

( c ) The glass cover 

Fig.(4 ) The Main Parts of the System 

 

 

 

 

 

 

Table (2) Characteristics of the photovoltaic 

panels used in the study. 

Geometric 

parameter 
Value 

  Model Type 

MX -550M MONO 

CRYSALLINE 10BB 

PERS  SOLAR PANEL 

(Maximum power) 550 W 

(Maximum power 

Voltage) 
41.60 V 

(Maximum power 

Current)  
13.23 A 

(Open Circuit 

Voltage) 
49.80 V 

(Short Circuit 

current) 
13.99 A 

(Dimensions)  (2.28*1.13*0.035) m 

 ( Frame Material ) Aluminum 

(Maximum System 

Voltage) 
1500  V    DC 

(Maximum Seires 

Fuse  ) 
25 A 

 ) Weight ) 29 kg 

(Operating 

temperature in 

standard conditions) 

25 oC 

)Radiation in 

standard condition) 
1000 W 

 

4. Accessories and instruments used in the test: 

4. 1 Temperature sensors 

       Thirteen thermal sensors were used in the 

experiment to measure the temperatures of the 

chimney as shown in Figure (5). The thermal sensors 

were distributed to the chimney parts as shown: one 

sensor was used in the center of the lower surface of 

each solar panel, and 3 sensors on the upper surface 

of each solar panel, one of them in the center of each 

solar panel, one in the first third of each solar panel, 

one in the second third of each solar panel . There is 

one sensor in the center of each side of the glass 

cover, and three sensors in the chimney Tower, the 

first at the base of the tower, the second in the middle 

of the tower, and the third at the top of the tower. 

 

 

 



Firas Hussein Merie / NTU Journal of Renewable Energy (2024) 7 (1): 1 -12 

 
7 

 
 

 

Fig .(5) Distribution scheme of thermal sensors on 

the solar chimney system 

4.2 Digital Anemometer for Hot Wires 

      The r866a digital hot wire anemometer was used 

in this test to measure the speed of the air coming out 

of the solar collector by making two holes, one at the 

base of the chimney tower and the other in the middle 

of the chimney Tower in a circular shape with a 

diameter of (0.02 mm). the holes were covered with a 

silver insulating tape along the air duct in the 

chimney, as the distance between the two holes is 1.5 

meters, it used to measure the intensity of solar 

radiation, ambient temperature and wind speed, 

Davis vintage Pro2 plus weather station . 

4.3 lamps (load) 

       In this test, use six DC lamps with a capacity of 

one lamp (140 watts), these lamps are connected to 

the battery and the Arduino controller to control the 

load and turn off at a certain time so as not to exhaust 

the battery power, as Figure (6) shows the circuit 

connection diagram of the designed model. The type 

of charge regulator (ml2430 / ml2440) regulates the 

voltage coming from the cells and prepares it before 

entering the battery, regulates the charging of the 

battery and the voltage coming out of it for electrical 

loads, and the charge regulator protects the battery 

from constant charging (overcharging), as the plates 

are disconnected from the battery when it is fully 

charged .Use the battery type  Verity, which operates 

with a voltage (12 volts ) and a current (100 

amperes), and these batteries were used to store 

electrical energy generated by solar cells during 

daylight hours for use in powering Arduino or used 

when the sun is absent to power number of electrical 

appliances. 

 

Fig. (6) Circuit connection diagram of the system 

used in the test 

5- Performance Calculation: 

      To calculate the heat gain of the solar collector 

through the following equation [2]: 

𝑄𝑢 = �̇�.𝑐𝑝 (𝑇𝑂𝑢𝑡 − 𝑇𝑖)                                      (2) 

Where: 

Qu: The useful heat capacity, �̇�.: mass flow rate of 

air, cp : Specific density of air, Tout: The temperature 

of the air coming out of the solar collector, Ti :The 

temperature of the air entering the solar collector. 

     To calculate the mass flow rate the following 

equation is used[3]: 

�̇�. = 𝜌𝐴𝑐ℎ𝑉𝑐ℎ                                                   (3)                                                             

Where: 

𝜌 : The density of the air coming out of the solar 

collector, 𝐴𝑐ℎ : area of solar chimney, 𝑉𝑐ℎ: air 

velocity. The density can be calculated by the 

following equation[4] ; 

 𝜌 = 1.1614 − 0.00353[(𝑇𝑜𝑢𝑡 + 273) − 300] (4)          

    The specific heat can be calculated by the 

following equation[2]: 
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𝑐𝑝 = [1.007 + 0.00004((𝑇𝑜𝑢𝑡 + 273) − 300)] ×

103                                                              (5) 

     The area of the solar chimney Tower is calculated 

using the following equation [3]; 

𝐴𝑐ℎ =  
𝜋

4
𝐷ℎ

2                                             (6)                                                                          

Where:  

𝐷ℎ ∶ Diameter of solar chimney tower. 

     The solar energy absorbed in the collector can be 

calculated by the following equation[3] : 

𝑄𝑖𝑛=  𝐴𝐶𝑂 𝐼 𝛼𝜏                                             (7)                                                                            

Where  : 

Qin : Absorbed solar energy, Aco : The area of the 

solar collector, I: The intensity of solar radiation, 𝛼 :      

The absorptivity of Photovoltaic panel, 𝜏: Glass 

permeability. 

      The following relations we obtain the equation 

used to calculate the efficiency of the solar 

collector[5]: 

𝑄𝑢 =  𝑄𝑖𝑛 − 𝑄𝑙𝑜𝑠𝑠 =  𝐴𝑐𝑜𝐼𝛼𝜏 − ℎ𝑤𝐴𝑐𝑜(𝑇𝑔𝑙 − 𝑇𝑎)                          

(7)                 

𝑄𝑢 =   𝐴𝑐𝑜𝐼𝛼𝜏 − ℎ𝑤𝐴𝑐𝑜(𝑇𝑔𝑙 − 𝑇𝑎)               (8)                                                 

        The efficiency equation of the solar collector is 

obtained: 

𝜂𝐶𝑜 : 𝛼𝜏 − 
ℎ𝑤(𝑇𝑔𝑙−𝑇𝑎)

𝑙
                                     (9)                                                      

Where: 

Tgl: the temperature of the glass cover, Ta : air 

temperature (ambient), hw: the coefficient of heat 

transfer by both radiation and forced load is 

calculated by the following equation[6] : 

ℎ𝑤 = 5.67 + 3.86𝑉𝑤                                     (10)                                                    

     The electrical power generated by the voltage 

panels of the system is calculated theoretically by the 

following equation[7] : 

𝑝𝐸𝑙 𝑡ℎ𝑒𝑜=  𝜂𝑝𝑣𝐼 𝐴𝑃𝑉                                          (11)                                                              

Where: 𝑃𝑒𝑙𝑒𝑐 : The electrical power of solar panel, 

ηpv : Electrical efficiency  of solar panel,  

𝐼𝑠𝑜𝑙𝑎𝑟: The intensity of solar radiation, 𝐴𝑃𝑉 : The 

solar panel area 

     The electrical capacity of photovoltaic panels is 

practically calculated by the equation [7] : 

𝑝𝐸𝑙 𝑒𝑥=𝑖𝑝𝑣𝑣𝑝𝑣                                                 (12)                                                                      

Where: 𝑣𝑝𝑣:Voltages generated by photovoltaic 

panels, 𝑖𝑝𝑣 : current generated by solar panel 

    Due to the fact that the system is connected to the 

Arduino controller, the electric power reading is 

practically taken directly via the Arduino controller 

screen. 

      The efficiency of photovoltaic panels is 

calculated theoretically by the[8] : 

  𝜂𝑝𝑣  𝑡ℎ𝑒𝑜 = 𝜂𝑟𝑒𝑓[1 − 𝐵𝑟𝑒𝑓(𝑇𝑝𝑣 − 𝑇𝑟𝑒𝑓)]       (13)                

   Where:  𝜂𝑟𝑒𝑓 : is the efficiency of voltage panels 

under standard conditions, the value of which is 

(0.17),  𝐵𝑟𝑒𝑓  : temperature coefficient at standard 

conditions, the value of which is (0.04) .    

     The efficiency of photovoltaic panels is calculated 

in practice by the following equation[9] :  

 𝜂𝑝𝑣 𝑒𝑥𝑝 =
𝑝𝑜𝑤𝑒𝑟

𝑄𝑎𝑣
                                             (14)                                                                                                                                   

𝜂𝑝𝑣 𝑒𝑥𝑝 =
𝑖𝑝𝑣∗𝑣𝑝𝑣

𝐼∗𝐴𝑝𝑣 
                                             (15)                                                                                                                                   

    The kinetic energy of air is calculated theoretically 

using the following equation[10]: 

𝑝𝑘𝑖𝑛 𝑡ℎ𝑒𝑜 =
1

2
𝜌𝐴𝑐ℎ𝑉𝑐ℎ 𝑡ℎ𝑒𝑜

3                           (16)                                      

     The kinetic energy of air is calculated in practice 

using the following equation[10]: 

𝑝𝑘𝑖𝑛 𝑡ℎ𝑒𝑜 =
1

2
𝜌𝐴𝑐ℎ𝑉𝑐ℎ 𝑒𝑥𝑝

3                             (17)                                        

      Air velocity is calculated theoretically by the 

following equation[10]: 

𝑉𝑐ℎ = √2𝑔𝐻𝑐ℎ
𝑇𝐶𝑂,𝑂−𝑇𝑎

𝑇𝑎
                                    (18) 

where∶ Vch : air velocity at the base of the chimney, g 

: Ground acceleration, Hch : The height of the solar 

chimney tower. The air speed when entering the 

chimney is calculated practically using a Hot Wire 

Digital Anemometer. The equation used to calculate 
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the overall efficiency of the system is derived by the 

following relationship[11]: 

𝜂𝑡𝑜𝑡𝑎𝑙 =
𝑄𝑢+𝑝𝑝𝑣

𝐼∗𝐴𝑐𝑜
                                                   ( 19 ) 

     Also, the following relation can be used to 

calculate the overall efficiency: 

𝜂𝑡𝑜𝑡𝑎𝑙 = 𝜂𝐶𝑂 + 𝜂𝑃𝑉                                            (20)                                                        

 

5. The Uncertainty Analysis  

        There is an error rate in the results due to the 

devices used in the study, where the error rate      of 

the devices used is as shown in Table .3  and the 

following equation is used to find the error rate of the 

devices used in the experiment  [12]: 

 𝜔𝑅 = √(
∂∅

∂𝑥1
× Ω1)

2

+ (
∂∅

∂𝑥2
× Ω2)

2

+ ⋯ … . . (
∂∅

∂𝑥𝑛
× Ω𝑛)

2

      

                                                                         (21) 

 

Table 3: The uncertainty ratio of the devices used 

in the experiment 

Equipment Measurement Error 

Hot Wire Digital 

Anemometer 

Air Flow 

Velocity 
±(3%) 

Sensor DS18B20 Temperature ±(0.5%) 
 

6. Results and Discussion: 

 

      The practical study was conducted for three months 

(February, March, April ) for the year 2024 , where one 

day was chosen in each month with suitable weather 

conditions to study the performance and display the 

results.it shows that the ambient temperature during the 

three months ranged from (7-30) oC, and the maximum 

amount of ambient air temperature reached in the month 

of April, which is (29.2) oC  at noon, The maximum 

value of the radiation intensity value in April (876 W / 

m2) was reached at noon, as shown in figure(7). 

 

 

 

 

 

 

 

 

 

 

   

                                                   

 

 

 

6.1 Change in the amount of temperature of 

photovoltaic panels over three months 

          Figure (8) shows the temperature of 

photovoltaic panels for the month of February ,April 

and March of 2024 , where it was noted that the 

temperature of photovoltaic panels in the month of 

February (24.9) oC , and in the month of March ( 

35.18)I degrees , and in the month of April (38) oC at 

the beginning of the Test at 9 am in the morning , 

then it increases with increasing intensity of solar 

radiation , reaching in the month of February (65.1) 
oC ,and March (68.62) oC , and April (69.66) oC at 12 

pm , after that, the intensity of solar radiation begins 

to decrease, as it reached in the month of February 

(41.5) oC, and March (42.98) oC, and April (45.63) 

oC, it becomes clear to us the highest temperatures of 

panels in April, which makes photovoltaic panels low 

performance  
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6.2 The speed of the air coming out of the solar 

collector 

 

          Figure (9) shows the speed of the air coming 

out of the solar collector for February ,April and March 

of 2024, where it was observed that the air speed in 

February (1.02m/s), in March (0.99 m/s), in April ( 

1.11m/s)  at the beginning of the Test at nine in the 

morning, then the air speed begins to increase to reach the 

maximum value in February (1.46m/s), in March (1.43m/s), 

in April (1.45m/s), at 12 pm, after that, the air speed begins 

to decrease in February ( 0.97m/s), in March (1.06m/s), and 

in April ( 1.04m/s ) at 4pm in the evening at the end of the 

test , We note that the air velocity in February is higher 

than in March from the beginning of the test until 3pm in 

the evening, after which the air velocity in February 

becomes lower than the air velocity in March, because the 

ambient air temperature in February is low compared to 

March after 4pm in the afternoon and continues to decrease 

until sunset, so the air velocity in March after pm in the 

afternoon is higher than the air velocity in February   .  

 

       

 

 

 

  

   6.3 The kinetic power of the solar chimney 

 

         Figure (10) shows the kinetic capacity of the 

solar chimney system for February, April and March 

of 2024, where it was observed that the kinetic 

capacity in February ( 6.525mW), in March ( 

4.661mW), and in April ( 5.278mW) at the beginning 

of the Test at nine in the morning, and then the 

kinetic capacity begins to increase to reach its 

maximum amount in February ( 15.21mW), in March 

( 13.304mW), and in April ( 13.751mW ) at 12 pm at 

noon, after that, the motor ability begins to decrease, 

reaching in February ( 3.778mW), in March ( 

5.608mW), and in April ( 5.163mW) at four pm in 

the evening at the end of the test . 

 

 

 

 

 

 

 

 

 

 

 

6.4 The electrical power produced by photovoltaic 

panels 

        Figure (11) shows the electrical capacity 

generated by photovoltaic solar panels for the month 

of February and march and April of 2024, where it 

was noted that the electrical capacity produced from 

the panels in February (239.12 W), in March ( 281.48 

W), in April ( 258.37 W) at the beginning of the Test 

at nine in the morning, then the electrical power of 

the photovoltaic panels begins to increase to reach its 

maximum amount in February  (407.76 Watts), and 

in March ( 442.92 Watts), and in April ( 536.96 W) at 

noon, after that, the electrical capacity of the 

photovoltaic panels begins to decrease as it reached 

in February ( 271.09 W), and in March ( 334.21 

Watt), and in April (505.63 Watts) at four pm in the 

evening at the end of the test. .  
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  6.5 Electrical efficiency of photovoltaic panel 

         Figure (12) shows the electrical efficiency of 

photovoltaic solar panels for the month of February, 

March and April of 2024, where it was noted that the 

electrical efficiency of the panels in February 

(%14.51), in March ( %13.10), and in April ( 

%13.93) at the beginning of the Test at 9 am in the 

morning, then the intensity of solar radiation begins 

to increases , which leads to a decrease in the 

efficiency of the panels to reach its lowest amount in 

February (%11.55), and in March ( %10.83), and in 

April ( %11.78) at 12 pm , after that, The intensity of 

solar radiation begins to decrease, and the efficiency 

of photovoltaic panels increases, reaching in 

February (13.78%), in March (12.57%), and in April 

(13.41%) at 4 pm  in the evening at the end of the 

test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.6 Thermal efficiency of the solar collector 

 

       Figure (13) shows the thermal efficiency of the 

solar collector and the thermal efficiency depends on 

the amount of thermal energy absorbed in the solar 

collector, where the thermal efficiency for February, 

March and April of 2024, where it was observed that 

in February (%31.30), in March (%36.06), and in 

April (%47.50) at the beginning of the Test at nine in 

the morning, then the intensity of solar radiation 

begins to increase, so the thermal efficiency of the 

solar collector increases to reach its maximum 

amount in February (%48.45), and in March 

(%51.52), and in April (%63.74) at 12 pm, after that, 

the intensity of solar radiation begins to decrease, 

The efficiency of thermal panels decreases reaching 

in February (27.06%), in March (37.52%), and in 

April (48.71%) at 4 pm in the evening at the end of 

the test . 

 

 

 

 

 

 

Conclusion 

 

          From the results obtained, we conclude the 

following: 

 

1-The temperature of the solar panels in the month of 

February is lower than the temperature of the panels 

in the month of March and April, where the highest 

temperature for the month of February during the test 

was (65.1oC), while in March it reached (68.62 oC), 

and in April (69.66 oC) at 12 pm. 

 

2-The speed of the air coming out of the solar 

collector during the test in March is less than the 

month of February and April at the beginning of the 

test, where in March it reached (0.99 m/s), while in 

the month of February and April it reached (1.02 m/s) 

and (1.11 m/s), respectively, and at midday the air 

speed for the month of March was also lower than the 

air speed in the month of February and  April, where 

in March it reached (1.43m/s), while in the month of 

February and April it reached (1.46 m/s) (1.45 m/s), 

respectively, while at 4pm in the afternoon at the end 

of the test the speed in March became the highest, 

reaching (1.06 m/s), while in February and April it 

reached (0.97 m/s) and (1.04 m/s), respectively. 

  

3-the highest amount of electrical energy generated 

by photovoltaic panels is during the month of April, 

where it reached (536.96 W) at 12 pm, while the 

highest amount of kinetic energy was during the 

month of February, where it reached (15.21mW) at 

12 pm. 

 

4-the results showed that the highest value of the 

generated electrical efficiency was during the month 
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of February, where it reached (14.51%) at the start of 

the Test at 9 am. 

 

5-the highest value of thermal efficiency was during 

the month of April, where it reached (63.74%) at 12 

pm. 

 

 

Reference  

[1] N. Kannan and D. Vakeesan, “Solar energy for 

future world : - A review,” vol. 62, pp. 1092–1105, 

2016, doi: 10.1016/j.rser.2016.05.022. 

[2] M. Firoozzadeh, A. H. Shiravi, and S. Hodaei, 

“An experimental approach on employing air flow 

through a porous medium as coolant of photovoltaic 

module: Thermodynamics assessment,” Therm. Sci. 

Eng. Prog., vol. 40, pp. 1–26, 2023, doi: 

10.1016/j.tsep.2023.101799. 

[3] O. K. Ahmed, A. S. Hussein, R. W. Daoud, and 

Z. H. Ali, “A new method to improve the 

performance of solar chimneys,” in AIP Conference 

Proceedings, 2020. doi: 10.1063/5.0000048. 

[4] A. Asnaghi and S. M. Ladjevardi, “Solar 

chimney power plant performance in Iran,” Renew. 

Sustain. Energy Rev., vol. 16, no. 5, pp. 3383–3390, 

2012, doi: 10.1016/j.rser.2012.02.017. 

[5] H. A. H. Ali. H. Numan Zahraa S. Dawood, 

“Design and performance analysis of solar chimney 

power plant ( SCPP ): A review,” Sustain. Energy 

Technol. Assessments, vol. 47, no. February, p. 

101411, 2021, doi: 10.1016/j.seta.2021.101411. 

[6] O. K. Ahmed, S. Algburi, Z. H. Ali, A. K. 

Ahmed, and H. N. Shubat, “Hybrid solar chimneys: 

A comprehensive review,” Energy Reports, vol. 8, 

pp. 438–460, 2022, doi: 10.1016/j.egyr.2021.12.007. 

[7] M. J. Saleh, F. S. Atallah, S. Algburi, and O. K. 

Ahmed, “Enhancement methods of the performance 

of a solar chimney power plant: Review,” Results 

Eng., vol. 19, no. August, p. 101375, 2023, doi: 

10.1016/j.rineng.2023.101375. 

[8] Q. A. Rishak, H. S. Sultan, and I. N. Jawad, 

“Experimental Study of The Performance of a Solar 

Chimney Power Plant Model in Basrah City,” vol. 

44, no. 7, pp. 340–351, 2021. 

[9] T. TAYEBI, M. DJEZZAR, and H. GOUIDMI, 

“3D NUMERICAL STUDY OF FLOW IN A 

SOLAR CHIMNEY POWER,” vol. 3, no. June, pp. 

17–20, 2018. 

[10] O. K. Ahmed and A. S. Hussein, “Case Studies 

in Thermal Engineering New design of solar chimney 

( case study ),” Case Stud. Therm. Eng., vol. 11, no. 

December 2017, pp. 105–112, 2018, doi: 

10.1016/j.csite.2017.12.008. 

[11] O. K. Ahmed, A. A. Hassan, E. F. Abbas, and 

R. W. Doud, “Numerical and experimental 

assessment of PV / Solar Chimney,” NTU J. Renew. 

ENERGY, vol. 2, no. 1, 2022. 

[12] Y. Li and S. Liu, “Experimental study on 

thermal performance of a solar chimney combined 

with PCM,” Appl. Energy, vol. 114, pp. 172–178, 

2014, doi: 10.1016/j.apenergy.2013.09.022. 

[13] P. J. Cottam, P. Duffour, P. Lindstrand, and P. 

Fromme, “ScienceDirect Effect of canopy profile on 

solar thermal chimney performance,” Sol. ENERGY, 

vol. 129, pp. 286–296, 2016, doi: 

10.1016/j.solener.2016.01.052. 

[14] R. Bassiouny and N. S. A. Korah, “Effect of 

solar chimney inclination angle on space flow pattern 

and ventilation rate,” vol. 41, pp. 190–196, 2009, doi: 

10.1016/j.enbuild.2008.08.009. 

[15] H. H. Al-kayiem, K. V Sreejaya, and S. I. U. 

Gilani, “Mathematical analysis of the influence of the 

chimney height and collector area on the performance 

of a roof top solar chimney,” Energy Build., vol. 68, 

pp. 305–311, 2014, doi: 

10.1016/j.enbuild.2013.09.021. 

[16] A. Habibollahzade, “Employing photovoltaic / 

thermal panels as a solar chimney roof : 3E analyses 

and multi-objective optimization,” Energy, 2018, doi: 

10.1016/j.energy.2018.10.048. 

[17] W. K. Hussam, H. J. Salem, A. M. Redha, A. 

M. Khlefat, and F. Al, “Performance evaluation of a 

hybrid solar chimney-photovoltaic system for power 

generation in Kuwait Performance evaluation of a 

hybrid solar chimney-photovoltaic system for power 

generation in Kuwait”. 

[18] M. T. Chaichan, “Basement Kind Effects on Air 

Temperature of a Solar Chimney in Baghdad - Iraq 

Weather,” vol. 7, no. 1, pp. 30–38, 2011. 

[19] K. Luo, J. Ji, L. Xu, and Z. Li, “Seasonal 

experimental study of a hybrid photovoltaic-water / 

air solar wall system,” Appl. Therm. Eng., vol. 169, 

no. December 2019, p. 114853, 2020, doi: 

10.1016/j.applthermaleng.2019.114853. 

[20] X. Zhou, J. Yang, B. Xiao, and G. Hou, 

“Simulation of a pilot solar chimney thermal power 

generating equipment,” vol. 32, pp. 1637–1644, 

2007, doi: 10.1016/j.renene.2006.07.008. 

[21] D. Eryener and H. Kuscu, “Hybrid transpired 

solar collector updraft tower,” Sol. Energy, vol. 159, 

no. November 2017, pp. 561–571, 2018, doi: 

10.1016/j.solener.2017.11.035. 

[22] A. A. Abdullah, F. Saleh, S. Algburi, and O. K. 

Ahmed, “Results in Engineering Impact of a 

reflective mirrors on photovoltaic / trombe wall 

performance : Experimental assessment,” Results 

Eng., vol. 16, no. September, p. 100706, 2022, doi: 

10.1016/j.rineng.2022.100706. 


