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Abstract 

 

In this report, fabrication and testing of heat exchanger based on evacuated tube collector 

for solar air conditioning is experimentally investigated. Solar radiation falling on the 

evacuated tubes in day time is utilized.  The water in the evacuated tubes get heated and 

the hotted water moves up into the header or heat exchanger. The water iniside the heat 

exchanger transfer the heat energy to the PCM unit. This PCM unit stores the thermal 

energy for the later use when there is no sun light available. In the center, a hollow 

circular pipe through which air is blown with the help of a blower. At the other end of the 

heat exchanger hot air comes out which is further used for air conditioning.  
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Introduction 

 

In this modern world population is increasing as result the demands are also increasing 

for better life. The gap between the supply of energy and the demand of energy is 

continuously growing. Due to pollution and easy availability, renewable energy is getting 

attention of many researchers. This is leading to serious consideration to the renewable 

energy technology.  

All these can be control with the more use of renewable energies. With the use of 

renewable energies the population demands can be fulfilled with building up of natural 

balance. The global use of renewable energy technology is about 1% of the total global 

energy production. All around the world many efforts are being carried out to use the 

renewable sources as much as possible. Numbers of inventions are done which is leading 

to global warming and green house effect. Further improvements are made in renewable 

technology for better performance. 

 

Solar energy 

Solar energy does not belong to anyone, and it’s totally free and available in abundance. 

Solar energy is the energy which is emitted by the sun in enormous amount. The amount 

of energy emitted by the sun in one second is more than the people have used.  Solar 

energy is the famous form for renewable energy which is used for many applications. 

Solar radiation is collected and converted to do some useful work. Researchers are doing 

experimental study for enhancing the use of solar energy. 

 

Sun is a big star of gas with mostly hydrogen and helium in it. A process called as nuclear 

fusion occurs inside the core of sun which generates a lot of energy. The temperature and 

pressure are very high which causes the hydrogen atoms to move apart and the nuclei to 

fuse together during the nuclear fusion. The four hydrogen atoms nuclei fuse together to 

form one helium atom, but the helium atom weigh less than the four nuclei of hydrogen 

atom. Some matter is lost during nuclear fusion and this lost matter is radiated into the 

space. The distance between sun and earth is 93 million miles radiated energy from the 

sun takes approximately 8 minutes to reach earth with a speed of 186,000 miles per 
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second. A very little amount of energy is able to reach the earth surface but that little 

energy itself is very enormous. 

 

The main challenge is to collect and store the solar energy though it is free of cost and 

available in abundance. We have to collect solar energy efficient manner because its 

available only in sun shine hours of the day. Solar thermal collectors are used for 

collecting the solar thermal energy and which then transfer this thermal energy to the 

working fluid.  

 

Flat plate collectors and Evacuated tube collectors 

Two types of collectors mostly used are Flat Plate Collectors (FPC) and Evacuated Tube 

Collectors (ETC). Operating temperature range for FPC is 20°C to 80°C and for the ETC 

is 50°C to 200°C. FPC are more popular because they are simple and have low 

maintenance cost, but FPCs have low efficiency and low outlet temperature. 

 

 

Figure 1. Flat plate collector 

 

On the other hand, FPCs comprises of major shortcomings: 

a) Convective heat losses from the glass cover. 

b) Can’t track sun light. 
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These two shortcomings can be overcome using ETCs. The vacuum space between the 

two concentric glass tube eliminates the heat losses and tubular design eliminates the sun 

tracking problem in ETCs, which was in FPCs. ETCs have considerably lower in cost as 

compare to average FPCs. FPCs are basically designed to work in sunny and warm 

weather climatic conditions. They are significantly influenced by the weather and Their 

performance gets reduced during cloudy, cold and in windy climatic conditions. The 

condensation and moisture causes erosion inside the material which can lead to system 

failure. ETCs are more favorable to unsuitable climatic condition then FPCs.   

 

In this study, I have used ETC instead of 

FPC because numerous author [ ] have 

concluded that ETC have greater efficiency 

than the FPC, especially at low 

temperature. ETC is made of two 

concentric glass pipes, the inner pipe and 

the outer pipe. The outer tube is transparent 

while the inner tube is coated with a 

selective coating which helps in absorption 

of heat radiation. Solar radiation passes 

through the outer tube and gets absorbed in the inner tube. Property of glass is such that 

the tubes offer the minimal reflection. Vacuum is created between the two tubes because 

of which sunlight is able to go through the tubes heat is but is not able to transfer. The 

two glass tubes are fused together at one end the air in-between is pumped out which 

results in vacuum. This vacuum is very effective. It reduces the conductive as well as the 

convective losses and also there working is less affected by the wind and in low 

temperature.  

 

ETC is cylindrical in shape which help the in tracking the sun. Throughout the day the 

angle of incident remains 90°. Even the maintenance cost is low. If a tube gets broken, the 

system still works with over efficiency. The broken evacuated tube can easily be replaced 

without shutting down the system. Therefore; they are more suitable for use.  

 

Figure 2. Evacuated tube 
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Figure 3. Evacuated tubee collector 

 

Phase Change Materials 

One way of storing thermal energy is using phase change material (PCM) under the field 

of thermal Energy System (TES) and it is a clean method. PCM materials are capable of 

storing heat energy and later on this stored energy is used. Energy is stored and release 

with the PCM in the form of latent heat  during phase changing from solid to liquid or 

liquid to gas or vice versa. 

When PCM is melting, it is absorbing thermal heat energy from surrounding, whereas 

PCM freezes, it is releasing that thermal heat energy. Storage of thermal energy will 

improve the overall efficiency of a system. PCM has the property of melting and 

solidifying at room temperature  i.e. why they are broadly use to store thermal energy in 

several applications like waste heat storage, passive cooled shelters, cooling and heating 

technology, air conditioning, transport containers for medicine and food, electronic items, 

catering,  energy conservation, etc. 

Heat is supplied to the matter in forms of sensible heating and latent heating. If the 

temperature of the matter changes without any change in its phase is related as sensible 

heating of matter. Addition or removal of heat energy by the matter or from the matter at 

constant temperature with change in phase is related as latent heating of matter.  
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PCM working mechanism of water at 1 atmospheric is as follows: 

Consider an ice below 0°C , say -4°C and at 1 atmospheric pressure. Heat is suppied to 

the ice and the temperature of ice increases to 0°C, this is the sensible heating . now more 

heat is given to the ice due to which ice at 0°C is converted into water at 0°C. here the 

temperature remains contant  but the is change is the phase that is 0°C, this is the latent 

heating. Futher more heat is given and the water temperature increases from 0°C to 100°C 

without any change in its phase, again sensible heating. Heat is futher given and water at 

100°C is converted into steamor vapour form at 100°C, which shows the latent heating as 

the phase change is occurring with increase in temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Heat Exchanger 

Heat exchangers are the devices which are used to transfer or exchange the heat energy 

between two or more fluids having different temperatures. Heat exchangers have large 

varieties of application, which includes power generation, refrigeration, waste heat 

recovery, air-conditioning, industries, food preservation, electronics and lot more 

applications. Heat exchangers are classified on many criteria. 
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Figure 4. Phase change mechanism of water 
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Classification of heat exchanger 
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Figure 5. classification of heat exchnager 
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Scope of Study 

 

Now days, renewable resources are getting more importance in research field due to 

increase in the pollution in the atmosphere which leads to change the climatic conditions 

of living beings. Renewable resources do not produce any harmful gases and are safe for 

the environment. Renewable resource saves lot of money once they are installed. In my 

study, I’m working on a renewable energy known as solar energy. I will be fabricating 

and testing the performance of heat exchanger based on solar evacuated tubes for air 

conditioning . Fact it has a good scope in future. The things required for this heat 

exchanger are a Phase Change Material, 40 evacuated tubes, glass wool, mild steel and 

stainless steel. Phase Change Material for storing latent thermal heat energy which is 

going to be used in off sun shine hours, evacuated tubes for absorbing solar heat, glass 

wool for insulating the heat exchanger, mild steel for manufacturing of outer body and 

frame for the setup and stainless steel for fabricating the interior of heat exchanger for 

preventing corrosion. The PCM which is selected is acetamide because of its properties 

like melting and boiling point which suits to our required conditions. Acetamide is non 

reactive and has high density also stores high amount of solar energy. 
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Objective of Study 

 

 Minimize the electricity cost. 

 To store large amount of thermal heat energy from the sun. 

 To prevent thermal losses. 

 To maintain air conditioning in sunshine hours and even in off-sunshine hours. 

 High outlet temperature of air. 

 Effective flow velocity of air inside the heat exchanger. 

 High difference temperature between the ambient air temperature and air inside 

the header. 

 High absorption rate of solar radiation. 

 To maintain air conditioning for long duration of time. 
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Review of Literature 

 

Vinay et al. [1] investigated studies that  have been carried out for the latent heat storage 

of Phase Change Material (PCM). We need to have a specific analysis system by which 

we can have results in acceptable range out of numerous results. This review paper 

includes much analysis which was done on inlet temperature of coolant and mass flow 

rate of coolant with melting and solidification of Phase Change material within the heat 

exchangers. Aim of this review paper to study the performance of heat exchangers with 

PCM as latent heat storage for different conducting parameters with results. A high 

temperature difference is needed between the air and PCM to melt and freeze material. 

C.O.P. can be increased using PCM. By increasing the HTF flow rate the charging time 

can be reduced. 

 

Mayank et al. [2] Studies on the performance evacuated tube collectors and comparison 

with flat plate collector. The evacuated tube collectors have more advantage then Flat 

plate collectors because of absence of convective losses in evacuated tubes. It presents 

how Computational Fluid Domain study of ETC helps is a good way of comparing with 

the experimental results for validation. 

Avadhesh et al. [3] Conducted an experimental study on header integrated with evacuated 

tubes for heating of air. The length of evacuated tubes as well as the header length was 

150 cm. the header consist of a hollow cylindrical pipe in the center and water as a heat 

collector. Water gets heated from the evacuated tubes and this heat is transferred to the air 

flowing inside the header. Outlet air temperature highly depends on flow rate and 

intensity of radiation fall on evacuated tubes. For both, down flow and up flow of air the 

study have been carried out with similar weather conditions. Down flow configuration is 

more efficient due to lesser losses. Minimum of 60 degree or high can be achieve with 

downward flow. 

 

Neeraj et al. [4] studied thermal analysis of PCM based evacuated tubes solar air 

collector was studied for both charging and discharging modes.  PCM used is acetamide. 

The average minimum efficiency was 17.9% at high flow rate of 0.035kg/s . The average 

efficiency and total energy of high air flow rate was 1.06 to 1.30 and 1.01 to 1.02 times 

more in comparison to low air flow rate respectively. These results shows that the PCM 
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based evacuated tubes solar air collector can be used successfully for air heating in 

northern India with good quality sunlight.  

 

Sarvenaz et al. [5] Studied solar water heaters are adopted world wide as they are the 

good renewable energy technology. Evacuated tubes collectors improved by using 

Carbon Nanotubes sheet coating which increases the energy absorbed from the sun. 

Octadecane paraffin used as a PCM which has a melting temperature of 28°C and used 

for increasing the energy accumulation in solar heaters. PCM may not be so effective but 

by combining carbon nanotubes layers the limitation can be overcome and can be more 

efficient. In addition, an ideal body surface can be introduce for absorbing maximum of 

98% of solar radiation striking the surface. Carbon Nanotubes coating provides extra 

spectra absorption which increases performance of solar heaters. PCM combined with 

Carbon Nanotubes which permits heat storage directly on the collectors for more steady 

output on an unclear day and delay the cooling rate of water. The overheating of solar 

water heater should be avoided though to care for PCM from thermal degradation. 

 

In this study, Raghurajsinh et al. [6] carried out study in detail for the application of solar 

energy using evacuated tube collector for hot water generation. The main focus of the 

study is on using evacuated tube collector with heat pipe technology. This will further 

enhance the improvement of energy consumption and energy efficiency. This 

investigation included the thermodynamic equation to find the efficiency and also 

included the review design parameters with the comparison between evacuated tubes and 

flat plate collector. This water heating technology can further be used for much other 

purpose because of its less losses and higher efficiency. The evacuated tube collector with 

heat pipe technology has best performance as compared to the other types. Evacuated 

tubes can further be improved so that their performance can be increased. 

 

Adel A. Ghaneim [7] studied on optimization of evacuated tube collector (ETC) for solar 

cooling of house in summers. Goal was to study ETC for thermal efficiency in hot and 

harsh climate like Kuwait weather conditions. The vacuum spacing between the outer 

glass tube and the inner glass tube considerably improves ETC performance. Therefore 

ETC is used progressively all over the world. Thermal performance of ETC was recorded 
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for one year. The predicted numerical results were found out to be in agreement with the 

obtained results. The optimums of ETC parameters are determined. The results obtained 

shows that the optimum tube length is 1.5 m because significant efficiency improvement 

is achieved for different tube diameters studied. The studied came out with results that 

ETC of area of 54 m2, tilt angle of 25 degree, azimuth angle of 0 degree, mass flow rate 

of 30 kg/h.m2 with maximum efficiency value of 0.53 and storage volume of 2.1 m3 

provides 80% of air condition demand in a house located in a hot climate conditions like 

Kuwait. 

Neeraj et al. [8] investigated an experimental setup for a desiccant dehumidifier based on 

ETC with PCM. Acetamide is used as a PCM to store the heat energy in sun shine hours 

and release that energy in off sun shine hours of the day. Between ambient air 

temperature and outlet air temperature of the ETC with PCM has a maximum difference 

from 27.8 degrees C to 54.6 degrees C where as at 24:00 hrs , it varies from 12.9 degrees 

to 19.9 degrees C. Thus PCM can store sufficient amount of heat energy to generate hot 

air continuously for 14 hours a day from 10:00 hrs to 24:00 hrs. With the increase of air 

flow rate the difference between the temperature of ambient and outlet air of ETC with 

PCM unit decreases because the residence time of air reduces. This temperature 

difference at high flow rate of 127.23 kg/hr is 1.1 to 1.2 times lesser than at low air flow 

rate of 62.63 kg/hr. In the experimental investigation it was observed that the 

effectiveness of humidification (EA), regeneration (ER) and the dehumidification 

coefficient of performance are 8.17%, 10.35% and 0.0327 respectively at 16 rph of rotary 

desiccant wheel with 127.23 kg/hr air flow rate are higher. Dehumidifier effectiveness 

(EA), Regeneration effectiveness(ER) and dehumidification coefficient of performance at 

higher air flow rate are 1.0 to 1.10 times, 1.01 to 1.25 times and 1.31 to 1.58 times of low 

air flow rate respectively. Thus with the increase of air flow rate the dehumidifier 

effectiveness, regenerative effectiveness and dehumidification coefficient of performance 

increases. Even at 24:00 hrs, dehumidifier effectiveness, regenerative effectiveness and 

dehumidification coefficient of performance are obtained as 3.36%, 2.98% and 0.0224 

respectively. 
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Amit et al. [9] performed an experimental Investigation on solar water heat exchanger 

using evacuated tubes with connecting pipes.  Evacuated tubes are connected to the 

connecting pipes. The water gets heated up inside the evacuated tube the hot water flows 

due to the thermoyphon phenomenon. Ambient air is heated inside the heat exchanger of 

three different types viz. type 1, type 2 and type 3. The natural circulation flow of water 

was evaluated for various height of heat exchanger between 1050 mm to 1800 mm from 

the ground level. 10.7° C  was the maximum temperature difference achieved between 

ambient temperature and hot air temperature by type 2 heat exchanger at 1550 mm from 

the ground level. The thermal efficiency at different heights from the ground level of heat 

exchanger can be arranged as ƞ1550mm > ƞ 1880mm > ƞ 1300mm > ƞ1550mm. Thermal efficiency 

for different types of heat exchangers used can be arranged as ƞ type 2 > ƞ type 1 > ƞ type 3. 

The efficiency obtained from heat exchanger type 2 at height of 1550 mm was 69.5%. 

Avadhesh et al. [10] at different flow rate of 0.0332 kg/s and 0.06175 kg/s studied the 

experimental comparison between an evacuated tube solar collector and Flat plate solar 

collector. The setup consists of 40 evacuated tubes with surface area of 4.44 m2. A square 

shaped header with circular pipe in the centre, where hot air flows. Water is the  working 

fluid which is used. Sunlight falls on the evacuated tubes and water is heated up, which 

flows to the header and heats the air circulating inside the hollow pipe. Another setup 

consists of a flat plate collector with a surface area of 1.21 m2.  The absorber plate divides 

the collector into 2 sections, the upper section and the lower section to minimize the heat 

losses inside the collector.  The temperature difference of ambient air and air outlet 

temperature was obtained at 38°C by ETC and 19°C by FPC. The ETC at high flow rate 

of air with downward flow provides best results. In FPC at low air flow rate with upward 

flow provides best results. The Observed Result showed that air at high flow rate and for 

high temperature difference of air, ETC is much more effective than FPC evacuated tube 

system with 40 tubes gives better energy saving. 
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Research Methodology 

 

 

  

Construction of innermost 

box (14cm*14cm) made up 

of stainless steel 

Using Arc welding 

Construction of 

intermediate box 

(18cm*18cm) made up of 

stainless steel 

Using Arc welding 

Making 20 holes on both 

sides of box of 5cm 

diameter for the tubes 

Using punching 

dia 

Construction of the outer 

most box (20*20) made up 

of mild steel 

Using Arc welding 

Making 20 holes of 4 inch 

diameter on both sides of 

the box 

Using punching 

dia 

Fixing inner box inside 

intermediate box 
Using Arc welding 
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Insert glass wool in between the 

outer most box and intermediate 

box 

A hollow pipe of mild steel is 

inserted in the centre with 

diameter of 7.5 cm 

PCM is inserted in between the 

hollow pipe and inner box 

Mild steel is used for making the 

base frame (1.5m x 3.2m) 

Header is placed on the base 

frame. 

Using Arc welding 
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Experimental Setup 

 

 

 

 

 

 

 

The experimental setup consist of 40 evacuated tubes, a header also known as heat 

exchanger in which a PCM , water , glass wool is used. The above figure is the 

experimental setup. 40 evacuated solar tubes are used for collecting the solar energy in 

which water will be the working fluid. Every evacuated tube is made up of two co-axial 

strong borosilicate glass tubes. These co-axial glasses are fused from the one end. 

Between these two glass tubes air is pumped out to create vacuum. This vacuum helps as 

a insulator. The outer glass tube of evacuated tube is transparent which permits beam rays 

to surpass through it with least amount of reflection. The outer surface of the inner tube is 

coated with a unique selective covering of aluminium nitride to absorb the solar radiation 

and convert these radiations into heat energy. 

 

Figure 6. experimental setup view 1 

Figure 7. experimental setup view 2 
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Figure 6. Diadram of header with PCM unit 

A header/heat exchanger of two square cross sectional are used in this system structure 

and which can be seen in Figure. There are three square boxes, outer most box is 

manufactures from mild steel where as the other two are manufactures of stainless steel. 

The outer most box has 40 holes, 20 holes on two opposite sides of the box. Header with 

evacuated tubes is placed over the base frame which is prepared from mild steel. The 

evacuated tubes are inclined by an angle of 15° relative to horizontal. The open sides of 

the solar evacuated tubes are inserted inside these holes and the other ends of the 

evacuated tubes are supported by the base frame. Hollow pipe placed in the center is 

prepared from stainless steel. Hollow pipe in the center has the diameter of 0.075. 

Between the inside most square box and hollow pipe is filled with PCM which is 

acetamide. The acetamide used to fill is around 50 kg. The properties of acetamide is 

given in table 1. The space between the outer most square box and intermediate box is 

insulated using glass wool. This insulation is provided to prevent the heat transfer 

between the heat exchanger and atmosphere. For the safety reason two vents are also 

provided to reject additional quantity of heat energy into the atmosphere. 

 

Table 1. properties of acetamide 

Molecular Formula C2H5NO 

Melting Point 81 oC 

Boiling Point 222 oC 

Latent heat of fusion 263 kJ/kg 
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Thermal conductivity 0.5W/mK 

Density  

   Solid 1159 kg/m3 

   Liquid 998 kg/m3 

 

 

Aluminium sheet has a reflectivity of 88%, this aluminium sheet is used under the 

evacuated tubes to reflect back the heat radiation which have passed through the gaps 

between the tubes. These sheets are placed under the tubes on both sides of the header. 

This will help in increasing the absorption of heat radiation. The size of this aluminium 

sheet is 1.56m × 1.18 m. 

 

A circular helical shape copper coil is used inside the hollow cylindrical pipe. This would 

increase the time of air inside the circular pipe due to the provided obstruction of copper 

coil. The flow rate of air decreases inside the circular pipe which results in raise the 

temperature of outlet air. The diameter of copper coil used is 0.07 m and length used is 

1.5m. the wire diameter of copper wire is 0.006m. the image of the copper coil is shown 

in the figure . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The water in the tubes is heated up by solar radiation falling on the evacuated tubes. This 

heat energy is then transferred to the PCM. The heat energy then from PCM is transferred 

to the air blowing inside the hollow pipe and the output let is heated up. A blower of 0.35 

KW is used to blowing the air. AC supply is used for powering the blower and the flow 

rate of air is control using a regulator 

Figure 7. helical shape copper coil 
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Measuring Devices and Instruments 

 

Measuring instruments are such devices which are used for determining the physical 

quantities. While doing experiments measuring instruments and devices plays a chief 

role. Without the device it would be very complicated to perform any type of 

experimentation and no results can be observe or obtain. 

 

Different parameters are recorded during the experiment 

 Flow rate of air  

 Intensity of solar radiation 

 Temperature of ambient air 

 Temperature of air coming out of heat exchanger 

 Temperature of PCM i.e. acetamide 

 Temperature of working fluid i.e. water 

 

Devices used for measuring for these parameters are as follows: 

 RTD PT100 thermocouples connected with a digital indicator are used for 

measuring the temperature of working fluid water, outlet air and acetamide 

(PCM).  

 RTD PT100 has an accuracy of ±0.3°C. Sling psychrometer has a precision of 

±0.5% which is used for measuring dry bulb temperature of ambient air.  

 Intensity of solar radiation is measured by a pyranometer with a precision of 

±2W/m2. 

 The velocity of air with a precision of ±2%  can be calculated with the device 

called as anemometer. 
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Experimental Work 

 

In this experimental work, the header and the evacuated tubes are filled with water. This 

filled water has the temperature of 25°C. on each day, the heat exchanger based on 

evacuated tube is exposed to the solar radiation of the sun to absorb solar radiation. 

Reading are taken at an interval of 1 hour starting from 09:00 hour. Solar radiation when 

falls on evacuated tubes the heat energy is absorbed by the evacuated tubes and water 

inside is heated up. Due to the density difference hot water flows up and cold water flows 

down in the evacuated tubes. The heated water goes inside the header through the 

evacuated tubes which are connected to the outer box. The inner box consist of PCM 

(thermal energy storage material) which gains the heat energy from the heated water. 

There is no heat transfer between the atmosphere and heated water. The inner box 

consists of a hollow cylindrical pipe through which air flows. This air is heated up in the 

circular pipe by gaining heat energy from thermal storage material (PCM). In the 

header/heat exchanger the same phenomenon of thermosyphon is used as in evacuated 

tubes. The hot water inside the header/heat exchanger is at high head and the cold water is 

at lower head. 

 

The reflection aluminium sheets are placed under the evacuated tubes. To increase the 

performance of absorption and as result the overall performance will increase. A copper 

coil is placed inside the hollow cylindrical pipe in which the hot air is flowing. By 

introducing the copper coil of length 1.5 m the residence time of air and surface area of 

contact will increase. The diameter of coil is 0.07m and diameter of wire of coil is 

0.006m. The copper helps in more extraction of heat energy form the thermal storage 

material (PCM). All these will increase the temperature of air flowing inside the hollow 

pipe. 
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Figure 8. schematic diagram of heat exchanger based on evacuated tubes with PCM unit 
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Expected Outcomes 

 

In this conducting experimental study, fabrication and testing the performance of a heat 

exchanger for solar air conditioning based on ETC is to be investigated. A thermal 

storage material (PCM) is also fitted inside to store the thermal heat energy inside the 

heat exchanger. A PCM, acetamide is used for storing thermal heat energy during the sun 

shine hours of the day when solar radiations are available and to generate hot air during 

the off sun shine hours of the day. All the readings are going to be taken when the ETCs 

are facing south. This study is carried on a sunshine day 

 

The following expected outcomes can be achieved:  

 

1. A better performance efficiency of fabricated setup of heat exchanger for air 

conditioning based on ETCs could be observed with high flow rate and with 

copper coil within the heat exchanger’s hollow pipe. 

 

2. The fabricated setup will be able to generate hot air during the off sun shine hours 

of the day, when there is no solar radiation incidenting on ETCs. Hence, 

evacuated tube fixed with storage unit can store a large amount of thermal storage 

energy to heat up the air coming out. 

 

3.  Using a copper coil inside the hollow pipe, the outlet air temperature will 

considerably increase because the residence time of air within the pipe increases 

due to which the heat energy transfer rate increases between the air and copper 

coil. 

 

4. A sufficient amount of difference in temperature can be achieved between the 

heated outlet air temperature and surrounding air temperature. 

 

5. Therefore, the fabricated heat exchanger based on evacuated tubes with PCM unit 

is very effective in northern Indian climatic weather conditions or in areas with 

fine quality of sunlight. 
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