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H I G H L I G H T S  
 

A B S T R A C T  

 Improving the performance of the evacuated 

tube solar collector by using the double- sided 

reflective electronic curtain.                                                                                          

 Improving the thermal properties of the 

evacuated tube solar collector by using two 

types of nanomaterials, aluminum and 

aluminum.                                                                                     

 The small size of the nanoparticles played an 

important role in improving the heat transfer.                                                 

 Increasing the rates of improving efficiency 

and useful heat gain by using the reflective 

electronic curtain.                          

 In this research, a practical study and appraisal of the thermal performance for 

the solar collector with vacuum tube has conducted Two types of nanomaterials 

(aluminum and aluminum oxide) have added to distilled water with nanoparticles 

diameters of 30 nm and 50 nm respectively. The nanomaterials were used in 

three several concentrations and three several flow rates which used as a working 

fluid in evacuated tube solar collector (ETSC) in order to increase the efficiency 

and beneficial thermal gain. An electronic double-sided reflective and absorbent 

electronic curtain were added to enhance the performance and control the 

temperature of the nanoscale. A clear improvement in efficiency was observed 

when using the reflective curtain that helped to speed up the Nano fluid heating 

and controlling the required temperature. 
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1. Introduction 

Energy is a basic universe from the components of the universe, and the majority of energy comes from natural and 

unnatural sources. Therefore, energy is categorized into two main types: renewable energy, which is derived from natural 

sources, and non-renewable energy, which is derived from unnatural sources, but it was formed over time and as a result of a 

number of factors. [1]. Solar energy is the most important source of renewable energy and the most abundant in the world. 

Solar radiation can be used in several areas which is the most important of thermal energy production as well as the electricity 

generation. Therefore, it will meet a large proportion of the world's energy needs in the future especially it’s a clean and 

environmentally friendly energy [2]. Solar energy is often converted either directly into electricity by photovoltaic cells and 

thermal energy through thermal collectors, or indirectly through its effects on rain, generating wind, or vegetation growth. In 

order to benefit from this abundant energy coming from the sun, people have begun to think of ways to collect this energy, 

benefit from it and exploit it in daily life [3]. Solar collectors are the nucleus in all types of solar energy devices, and it is a 

type of heat exchangers that convert solar energy into heat energy because it can absorb and convert the solar radiation to heat 

and transported by the working fluid and transportation medium such as air [4]. One of these solar collectors is the vacuum 

tube solar collector, which is considered one of the most efficient solar collectors because it is highly efficient in relation to the 

rest of the collectors, especially at low temperatures. It has a high thermal conductivity and the use of solar reflectors helps to 

concentrate the energy [5].  There are many previous studies that shed light on tube solar collectors. Alhabeeb et al. (2020) [6] 
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used three types of solar reflectors included an aluminum foil, mirror and white paint. All these types were installed behind the 

tubes at distances 0.22, 0.17 and 0.12 m. The results indicated that a flat mirror at a distance 0.17 m gave the best performance 

in improving the efficiency. Alkhaledi et al. [7] studied the thermal performance of the tubular solar collector using coating 

mirror reflectors that made by the 3M company. Reflectors were in four different shapes which are; flat shape, V-shape, once 

at an angle of 600 and again at an angle of 450 and the fourth shape was in a semicircle. The study reported that all types of 

reflectors provided a boost in thermal efficiency and the best one was the V-shaped inverter with an angle of 600. Ghaderian et 

al. [8] used (Al2O3 +DW) as a basic fluid in tubular solar collector to study the impact of thermal efficiency. The performance 

of ETSC was compared with nano-fluid at a flow rate ranged from 20 to 60 liter per hour. The current study showed that the 

ultimate efficiency was 57.63% at a concentration of 0.06%. Moreover, the flow rate of 60 liters per hour showed a greater 

improvement with increasing of the fractions of nanoparticle size and flow rate. Also, the results indicated that the nanoscale 

fluids can be used as basic fluids in the ETSC to absorb the heat from solar radiation and convert solar energy into thermal 

energy efficiently. Sultan  [9] dealt with a practical study of the performance of the solar tube collector using metallic nano-

fluids such as copper (Cu (30 nm)+Dw) and nonmetals such as titanium oxide (TiO29(50 nm)+Dw) with different granular 

sizes, different volume concentrations and different mass flow rates. The results showed that the efficiency of the solar 

collector using copper is greater than the efficiency of the collector using titanium oxide due to the granular size of copper in 

addition to the high conductivity of copper. Muslim [10] In a vacuum distiller, was built and implemented a fuzzy logic-based 

temperature controller. To increase the capability of generating a high concentrated bioethanol, the distiller is run at nearly 

vacuum. Temperature control was done by controlling AC voltage to heating elements due to the high heating power 

requirement.  The efficiency of an Arduino-based Fuzzy Logic control strategy was compared to that of a PID controller. The 

Fuzzy logic controller has a better output in regulating the temperature while using a vacuum distiller, according to the results 

of the experiments. Bhowmik [11] introduced a modern technology to get better performance of the solar thermal collectors. 

The solar reflector is used to improve the collector's reflectivity. As a result, the reflector directs both direct and diffuse solar 

radiation toward the collector. The reflector was allowed to adjust its angle with daytime to increase the strength of incident 

radiation. The sun's energy was transformed into heat, which was then transferred to the collector fluid and water. Using the 

reflector, a prototype of a solar water heating system was developed, and the collector efficiency was improved by about 10%. 

As a result, when compared to other systems, the current solar water heating systems have the best thermal efficiency. Dabra 

[12] indicated that different collector tilt angles from the horizontal existed for evacuated tube solar air collectors, with one 

inclined at 30° and the other at 45°. Tilt angle had a substantial impact on the thermal efficiency of the evacuated tube solar air 

collector with or without reflector, according to the results of the experiments. Experiments also revealed that a 30° tilt angle 

ETS air collector with reflector outperformed a 45° tilt angle evacuated tube solar air collector with or without reflector in 

terms of thermal efficiency. This meant that raising the collector tilt angle had little effect on the thermo syphon within the 

evacuated tubes [13]. The effect of using an Al+Al2O3/distilled water hybrid Nano-fluid on the thermal efficiency of an 

evacuated tube solar collector with an inner cylindrical coil inside a vertical tank was investigated experimentally. With 

nanoparticle dimensions of 50 nm, the volume fraction of nanoparticles was 1, 3 and 5%. The efficiency of an evacuated tube 

solar collector (ETSC) using Al+Al2O3 hybrid Nano-fluid and water was compared to flow rates of 15, 30, and 45 l/hr.m2 

inside the coil. The maximum solar collector effectiveness was found to be 24.89 percent with a mass flow rate of Nano-fluid 

of 45 l/hr.m2 and a nanoparticle volume fraction of 5% vol. The findings revealed that Al+ Al2O3 hybrid Nano-fluids could be 

used as working liquids in an ETSC to absorb heat from solar radiation and efficiently convert it into thermal energy. Mujawar 

and Shaikh [14] The heat pipe evacuated tube solar water heater was designed and built using circular heat pipes and CuO-

H2O Nano-fluid as the working fluid. Experiments were performed from 11 a.m. to 5.00 p.m. for different tilt angles of 25°, 

30°, and 35°, as well as flow rates of 5 LPH, 10 LPH, 15 LPH, and 20 LPH. CuO/water nano-fluid has a higher thermal 

efficiency than traditional working fluid pure water in wickless evacuated tube heat pipe solar collectors. In the cases of pure 

water and CuO/water nano-fluid, increasing the tilt angle from 20° to 30° increased the solar collector instantaneous efficiency. 

As the tilt angle was raised above 30° to 35°, the heat transfer rate decreased.  

The main objective of this research is to improve the performance of the evacuated tubular solar collector by increasing its 

thermal efficiency and beneficial heat gain base on nanomaterials (aluminum and its oxide). The nano-fluid has added to the 

distilled water and considering it as a working fluid. The temperature of nano-fluid was controlled using double-sided 

reflective electronic curtain, where the reflective face was used to concentrate the solar radiation and utilized the hours of the 

day. While the absorbent face was used to control the temperature of the Nano fluid. At required temperature, the curtain on 

the absorbent side has opened to reduce the heat concentrated on the tubes. 

2. Evacuated tube solar collector (Etsc) 

 The collector was made of 10 symmetrical evacuated glass pipes; each tube was concentric pipe that annular vacuum 

space between them to prevent the convection inside the glasses tube and warmth transfer conduction [15]. The nano-fluid 

circulates naturally between each tube and horizontal tank, the inner tank is formed of chrome steel material, the outer shell is 

formed of galvanized plate and it is insulated using foam as shown in Figure 1. Two types of nano-fluids (aluminum Al (30nm) 

and oxide aluminum Al2O3 (50nm)) used with DW as working fluids. Table I shows the Nano-fluids properties.    
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Figure 1:     Evacuated tube solar collector without reflector 

3. Double-sided seflective electronic curtain system 

   The reflective electronic curtain was used with the solar collector in this work. There are two main purposes for using 

this curtain, firstly, to reverse the dispersed solar radiation, redirect it and focus it towards the evacuated tubes that contain 

nano-fluid. Secondly, the absorption of solar radiation in the event that the required temperature of the nano-fluid is reached. In 

addition, Microcontroller (Arduino) was used to control the movement of the double-sided electronic curtain (reflector and 

absorbent) as shown in Figure 2. 

3.1 Equipment of electronic curtain  

The electronic curtain mainly consists of two parts as follows:                                                                       

The mechanical part: which consists of the outer frame that is fixed to the solar collector structure by screws. This frame is 

used to fix the electronic curtain by means of two rollers from the top and bottom, a ball bearing used to facilitate the 

movement of the curtain, while flexible coupling transferring the movement from the motor to the upper roller to give it the 

required movement as well as rotating the curtain and absorbing the vibrations.                                                         

The curtain consists of three main components, the first is the basic material, which is a rubber material that used in the 

optical advertisements for installing the reflective and absorbent sides on it. While, the second component is the reflective face 

which is a reflective aluminum foil characterized by its great ability, unlike The solar radiation and its concentration, Finally, 

absorbent face is a black-colored adhesive due to the black color’s ability to absorb radiation as it has a high absorption 

coefficient compared to the reflection and transmittance coefficient as shown in Figure 3.                                                                                                                                                     

Table 1: Nano-fluids properties 

 

 

 

 

 

 

 

 

 

  

Figure 2: Electronic curtain 

 

Base fluid 

 

Pr 

ρ 

(Kg/m3) 

Cp 

(J/kg k) 

k 

(W/m k) 

β *105 

(k-1) 

α *105 

(m2/s) 

Distilled water 6.

2 

997.1 4179 0.613 21  

Nanoparticles 

Aluminium (Al)  2707 896 236 2.4 973 

Aluminium oxide (AL2O3)  2970 765 40 o.85 131.7 
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Figure 3: Main components of curtain 

The electrical part: This part consists of several components, the first and most important one is the servo DC motor with 

12 V ,70 rpm and 3A with suitable gearbox to reduce the speed of motor. The motor was programmed to rotate the curtain 

between two faces (reflected, absorbing) according to the temperatures of nano-fluid. Arduino boards (Mega 2560) is used as a 

microcontroller with temperature sensor (Ds18B20), Line tracking sensor IR to reset the motor, Relay (JQC-3FF-S-Z) 5V as 

shown in Figures. 4 and 5.     

4. Experimental Procedures 

In this research, the solar collector consisted of ten evacuated tubes of air and connected to a main tank. Also, heat 

exchanger, pressure gauges and liquid flowmeter were used. Two types of nanomaterials were used: aluminum and aluminum 

oxide with a granular size of 30nm and 50nm, respectively.  moreover, three different concentrations: 1, 3 and ,5 % of each 

type of material were mixed with distilled water to become the main working fluid of the collector, then it pumped with three 

flow rates of 12, 24 and 36 L/M. The main valve has used for the purpose of pumping the required amount of nanoscale liquid 

through the collector. The test was carried out in two cases, the first case using the solar reflector, and the second case without 

using the solar reflector as shown in Figure   6.                                                                                          

The movement of the electronic curtain was controlled by programming the servo DC motor using Arduino board which 

was programmed in the C
++

 language. The movement was relative to the temperature of the nanoscale fluid, where the 

temperature sensor was linked to the Arduino. When the temperature of the nano-fluid within 30
0
, the curtain opens totally, 

and the reflective face begins to move gradually towards the black face with increment of 10
0
 of the nanoscales until the 

required temperature is reached. Therefore, the curtain is completely open to the black face, and thus the work of the curtain 

will be with the hours of the day based on intensity of the solar radiation.                                                                                                                                                            

  

Figure 4: Servo DC motor and Arduino board 
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Figure 5: Temperature sensor, Line tracking sensor and Relay 

  

Figure 6: Solar collector with /without reflected curtain 

5. .  Data Analysis and Validation 

The valuable heat energy, collector efficiency and difference of temperatures were calculated by Equations (1 – 8) [16] as 

follows:  
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Qu is a useful heat energy.  

When the heat energy changes to the thermal, energy for Dw in the tubes is:  
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FR may be obtained from [17] as follows, 

    
 ̇  (       )

  [      (     )]
                                      (5) 

The efficiency of collector can be defined as follow:  

              
I

c
A

u
Q

η 

 (6) 
The result of substituting Eqs. (6) and (8) in Eq. (9) gives;  
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Because fR, α τ and UL are constant, then: 
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6. Results and discussion 

 The thermal performance of the solar collector was tested at different volumetric flow rates (12, 24 and 36 l / min). The 

ambient temperature and wind speed were calculated at Babil Governorate at latitude of 32 north and longitude of 44 East on 

February 2, 2021 (a clear day) with an ambient temperature of 25 0C at 2:00 pm, while, the solar radiation reached to 598.55 w 

/ m2. The results showed that the percentages of improvement using Al with distilled water as a basic fluid are 20%, 22.8% 

and 26.92%, while the ratios of Al2O3 with distilled water as a basic fluid are 7.2%, 9.44% and 11.53%. Also, its noted that 

the improvement rates in efficiency for the first type of nanofluid were higher than for the second type. This increasing in the 

improvement rates was due to two reasons: the first is the thermal properties and the size of the nanoparticles of the first type 

of nanomaterial which is better than the second type with different flow rates and concentrations. The second reason is solar 

reflector which is considering the major contributor for increasing the efficiency of the solar collector.                                                                                                                                 

The results of both the efficiencies and the beneficial thermal gain of the solar collector for two types of nano-fluid (AL 

and AL2O3) were compared in two cases with and without reflective curtain as shown in Figures 7, 8, 9 and 10.                          

In Figures 7 and 9 that show the efficiency of the solar collector when using two different types of nanomaterials and with 

three different concentrations, its noticed that the efficiency improved significantly with increasing in the temperature of the 

nano-fluid because the efficiency is directly proportional to the temperature of the nano-fluid according to Eq. (8).                                                                                                             

In Figures 8 and 10 which show the useful heat gain of the solar collector, the results showed that adding nanomaterials to 

distilled water gave a better thermal gain than when distilled water was used as a working fluid for the solar collector and 

showed the extent of increasing in the ability of the collector to collect the required amount of heat according to Eq. (1).                                                                                                            

In general, adding the nanomaterial at a concentration of 5% gave the best results compared to the 1% of concentration. 

The performance was closed to the performance of distilled water. The percentage of improvement in efficiency can be seen in 

Table 2.                           

Table 2: Efficiency improvement ratios for Nano fluid 

Type  Volume flow rate 

L/min 

Concentration  

Vol% 

Enhancement 

% 

 

Al(30nm) +Dw 

12 5 20% 

24 5 22.8% 

36 5 26.92% 

 

Al2O3(50nm) +Dw 

12 5 7.2% 

24 5 9.44% 

36 5 11.53% 

 

Dw 

12 0 1.6% 

24 0 2.36% 
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(A) 

   
(B) 

Figure 7: (A) Collector Efficiency for nano-particles (AL- DW) at different   without reflector, (B) 

Collector Efficiency for nano-particles (AL- DW) at different  with reflector 

   
(A) 

   
(B) 

Figure 8: (A) Useful heat gain of collector for Nano particles (AL- DW) at different   without 

reflector, (B) Useful heat gain of collector for nano-particles (AL- DW) at different   with 

reflector 
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(A) 

   

(B) 

Figure 9: (A) Collector Efficiency for nano-particles (AL2O3- DW) at different   without reflector, 

(B) Collector Efficiency for nano-particles (AL2O3- DW) at different   with reflector 

   
(A) 

   
(B) 

Figure 10: (A) Useful heat gain of collector for nano-particles (AL2O3- DW) at different   without 

reflector, (B) Useful heat gain of collector for nano-particles (AL2O3- DW) at different   with 

reflector 
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7. Conclusions 

In this work, many conclusions have been presented as follows: 

 Using of electronic curtain was a solution factor of improving the heat transfer as well as improvement in 1)

the performance of ETSC.                                                                                                   

 The efficiency improved significantly when using the nanoparticles metal, while when        using oxide 2)

metal, the efficiency was lower due to the higher thermal conductivity                    of the nanomaterial.                                                                                                                      

 Size and type of nanoparticles played a major role in optimizing the rate of heat transfer and enhancing the 3)

efficiency for solar collector evacuated.                                                                   

 The useful heat gain was improvement at using nanomaterial with distilled water at different concentration 4)

for two types of nano-fluid.  
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