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Abstract— This paper presents designing and performance 

analysis of a solar air collector with one ended evacuated 

tube collector at different air flow rates. The experimental 

set up consist of 15 evacuated tubes, inside each evacuated 

tube aluminium tubes are inserted for better performance of 

solar air collector. Experiments were performed at different 

air flow rates with the help of blower with regulator and to 

enhance the outlet temperature and thermal efficiency, 

reflector has been used. It has been found that the setup 

operated nearly two times more efficient at higher air flow 

rate with reflector than with low air flow rate. 
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I. INTRODUCTION 

India spends annually around million tonnes of coal, 

petroleum products and other traditional conventional 

energy to meet its industrial, agricultural and domestic 

requirement. A conventional energy is exhaustible, polluting 

and also responsible for global warming so there is a need to 

find some other alternative resources.  Solar energy is one of 

them, which is friendly to environment, free of charge to 

exploit and unexhausted to use. For example a variety of 

applications can utilize solar air heat technologies to reduce 

the carbon footprint from use of conventional heat sources, 

such as fossil fuels, to create a sustainable means to produce 

thermal energy. 

Solar energy is a very large, inexhaustible source of 

energy. The power from the sun intercepted by the earth is 

approximately 1.8 x 10
11 

MW which is many thousands of 

times larger than the present consumption rate on the earth 

of all commercial energy sources. Thus, in principle, solar 

energy could supply all the present and future energy needs 

of the world on a continuing basis. This makes it one of the 

most promising sources of the unconventional energy. 

In addition to its size, solar energy has two other 

factors in its favour. First unlike fossil fuels and nuclear 

power, it is an environmentally clean source of energy. 

Second it is free and available in adequate quantities in 

almost all parts of the world where people live. 

Solar air collector system work by capturing the 

sun rays into their evacuated tubes in much the same way as 

evacuated tube solar hot water systems, except because the 

density and specific heat of air is much lower than water, 

therefore it requires a fraction of the sunlight energy or time 

to heat up and maintain a usable air heat potential in the 

inner chamber of air heat system. Solar air collector systems 

offer a great free source of daytime heat energy as a solution 

to heat a home that is even able to work on colder overcast 

cloudy days. 

Garg and Chakravertty (1988) developed an 

empirical relation for finding out an overall heat loss 

coefficient in the case of an evacuated tubular collector for 

all possible ranges of variables and values compared with 

the analytically calculated values and found that efficiency 

decreased in series combination and remained constant for 

parallel combination; Kumar et al. (2001) found that the 

system based on evacuated tube collector supplied high 

temperature in comparison of flat plat collector; Shah and 

Furbo (2004) performed experiments on vertical evacuated 

tubular-collectors and compared the thermal performance of 

the evacuated solar-collector and flat-plate solar-collector 

with an optimum tilt and orientation; Morrison et al. (2005) 

evaluated the characteristics of water-in-glass evacuated 

tube solar water heaters including assessment of the 

circulation rate through single ended tubes; Kim and Seo 

(2007) compared thermal performance of the glass 

evacuated tube solar air collectors with different shapes of 

absorber tube; Shah and Furbo (2007) investigated heat 

transfer and flow structures inside all glass evacuated 

tubular collectors for different operating conditions by 

means of computational fluid dynamics; Tang et al. (2009) 

developed a mathematical procedure to found that annual 

collectible radiation on a tube is affected by many factors 

such as collector type, centre distance between tubes, size of 

solar tubes, tilt and azimuth angle and use of reflectors; Ma 

et al. (2010) showed that the function relation of the heat 

loss coefficient of the glass evacuated tube solar collector 

with temperature difference between the absorbing coating 

surface and the ambient air was nonlinear; Lamnatou et al. 

(2012) presented an evacuated tube collector solar dryer for 

drying apples, carrots and apricots experimentally; Li et al. 

(2012) presented a case study of a two-stage rotary desiccant 

solar driven by evacuated glass tube solar air collector for 

two different configurations. It is found that thermodynamic 

and economic properties of 0.025 m alumina are superior to 

0.019 m stainless steel for desiccant cooling.  

Solar water heaters are used worldwide, and the 

evacuated-tube designs are the most popular due to their 

simplicity and better overall performance over their flat-

plate counterparts, especially in adverse weather conditions. 

Many evacuated-tube designs have been developed and are 

being used among which the water-in-glass design is very 

popular because of its low cost and simple manufacturing 

and installation procedures. But using water as a working 

fluid there are some disadvantages which can be 

compensated by using solar air collector such as  the need to 

transfer heat from the working fluid to another fluid is 

eliminated as air is being used directly as the working 

substance; the system is compact and less complicated; 

Corrosion, which can cause serious problems in solar water 

heater, is completely eliminated; Leakage of air from the 

duct does not pose any major problem; Scaling formation 

which creates thermal resistance and lowers efficiency does 

not exist in this case. 

From the literature review it was seen that most of 

the researcher concentrated on comparison between flat 

plate collector and evacuated tube, evacuated tube 

dimensions and tilt angle of evacuated tube with the 

http://en.wikipedia.org/wiki/Fossil_fuel
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horizontal for the purpose of heating of water but none of 

the researcher focused on producing hot air using one end 

closed evacuated tube collector without using any working 

medium in the Indian climatic conditions. So we designed 

and built a solar air collector for different flow rates with the 

help of one ended evacuated tubes according to the 

conditions of kurukshetra and compared the thermal 

performance between the system operating at different flow 

rates.  

II. EXPERIMENTAL SET UP AND SYSTEM OPERATION 

A. Description  

A solar air heating system using one ended evacuated tube is 

experimentally investigated and experimental setup is 

installed at the roof of the examination cell, AB-block 

building of NIT Kurukshetra, India facing towards south. 

The experiments have been carried out during the month of 

May. 

The aim of this experimental work is to study the 

thermal performance of a solar air heating system with one 

ended evacuated tubes at different flow rates. The objective 

of this work is to find the outlet temperature of air and 

efficiency of system at different flow rates.  Experimental 

setup consisting of fifteen evacuated tubes, a header, frame 

and blower is shown in Fig. 1. 

 
Fig. 1:  Experimental set-up of evacuated tube solar air 

collector 

The system consists of following parts 

 Frame 

 Evacuated tube 

 Header 

 Reflector  

1) Frame It is made up of cast iron having slots on both the 

arm. Header is fitted on the front top portion of frame.  

The frame was rigid when experiments were conducted. 

 
Fig. 2: Schematic diagram of frame. 

2) Evacuated Tubes The test section of the evacuated tube 

used in this system is shown in Fig. 3 and Fig. 4 The 

length of evacuated tube is 1.50 m and the outer and 

inner diameter is 0.047 m and 0.037 m.  

 
Fig. 3: Cross-section of Glass evacuated tube. 

 
Fig. 4: Cross section of evacuated tube with aluminium tube 

inside. 

Evacuated tubes are the absorber of the solar 

energy. They absorb solar energy converting it into heat for 

use in water or air heating. Each evacuated tube consists of 

two glass tubes; the outer tube is transparent allowing light 

rays to pass through while the inner tube is coated with a 

special selective coating (Al-N/Al) which has excellent solar 

radiation absorption and minimal reflection properties. The 

close end of the two layers of the tube is fused together and 

the air contained in the space between the two layers of 

glass is pumped out while exposing the tube to high 

temperatures. This “evacuation” of the gases forms a 

vacuum, which is an important factor in the performance of 

the evacuated tubes.In order to maintain the vacuum 

between the two glass layers, a barium getter is used. During 

manufacture of the evacuated tube this getter is exposed to 

high temperatures which cause the bottom of the evacuated 

tube to be coated with a pure layer of barium. This barium 

layer actively absorbs any CO, CO2, N2, O2, H2O and H2 

out-gassed from the evacuated tube during storage and 

operation, thus helping to maintaining the vacuum. The 

barium layer also provides a clear visual indicator of the 

vacuum status.  

Material Parameters Unit 

Absorbing coating 
Absorptivity 0.92 

 
Emissivity 0.08 

Outer glass tube 

Outer diameter 0.047 m 

Thickness 0.012 m 

Conductivity 1.2 W/(m k) 

Absorber tube 

Outer diameter 0.037 M 

Thickness 0.012 M 

Conductivity 1.2 W/(m k) 

Length of a tubular  1.5 M 
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collector 

Table 1 Specification of evacuated tube 

3) Header The test section of the header used in this 

system is shown in Figure 3.5. It consists of a square 

pipe which is made of stainless steel. The pipe contains 

fifteen holes, to which the open end of evacuated tubes 

are connected as shown in figure 3.5. Open end of the 

evacuated tubes are in these holes and the close end are 

supported by the frame. Outside the square pipe, an 

insulation of glass wool material is used to stop the heat 

transfer from the header to atmosphere. The header 

consists of a hollow pipe in the centre of diameter 0.060 

m through which the air flows. 

 
Fig. 5:  Schematic diagram of a header 

Inside the header a rectangular pipe of length 1.2 m 

is inserted centrally whose one end is closed and other end is 

opened to which a blower is attached. On rectangular pipe at 

an equal distance of 0.070 m 15 holes are drilled on which 

0.012 m inside diameter brass nuts are welded. The 

complete assembly between evacuated tube, header and 

aluminium tube is shown in Figure 8. 

 

Fig. 6: Schematic diagram of evacuated tube solar-air 

collector. 

Tubular unit (TU) connector is used to attach the 

aluminium tube of 0.8 m length and 0.010 m diameter to the 

main rectangular pipe. Later these aluminium pipes are 

inserted inside the evacuated tube of length 1.5 m and 

diameter 0.037 m. 

4) Reflector The reflector is used under the evacuated 

tubes to reflect the sunlight on the evacuated tubes 

which passes through the gap between the evacuated 

tubes. The size of each reflector is 1.55 m x 1.20 m. It is 

basically an aluminium sheet which provides good 

reflectivity because our main objective is to reflect back 

all the leaked incident solar radiations back on to the 

evacuated tube. By using reflectors, the amount of 

radiations received by collector increases. 

B. Measuring Devices and Instruments 

Different parameters which are measured in this work are 

 Evacuated tube temperature 

 Outlet air temperature & ambient air temperature  

 Solar radiation intensity  

 Air flow rate 

These parameters are measured by the following 

devices 

 RTD PT100 Thermocouples 

 Pyranometer 

 Anemometer 

C. Working Device 

 Blower 

D. System Operation   

A solar air heating system using one ended normal 

evacuated tubes at different flow rates were experimentally 

investigated. Evacuated tube absorbed solar energy 

converting it into heat for use in air heating. The collector 

was oriented in south direction at an angle of 45º. 

System was fabricated and installed properly at the 

roof of AB block at NIT Kurukshetra, Haryana. The header 

was fixed on the frame and all the evacuated tube properly 

inserted in to the header. Inside the header a rectangular pipe 

of diameter 0.025 m was concentrically inserted, one end of 

which was closed and other end was opened to which a 

blower was attached. Along the length of rectangular pipe, 

15 aluminium pipe of diameter 10 mm and length 80 cm 

were attached at equal spacing with the help of TU 

Connector and then inserted into the Evacuated tube. 

Every day at 7:00 A.M system was started and 

exposed to the solar radiations for 1 hour before the readings 

were taken and with the blower attached at the open end of 

the pipe. 

 
Fig. 7: Heat transfer and circulation of air inside the 

evacuated tube. 

The Blower sucks the air from the surrounding and 

delivered it into the pipe and simultaneously into small 

aluminium tubes. As the solar radiation falls on the 

evacuated tubes, the evacuated tubes gain heat from these 

radiations and transferred these heat to the working fluid 

(air) which is flowing inside these evacuated tubes. This 

working fluid is heated and as air can be considered as an 
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ideal gas so we can apply Gas law’s, according to which 

density is inversely proportional to temperature, thus due to 

heating, density of air decreases and due to density 

difference heated air starts moving upwards through the gap 

between the aluminium pipe and evacuated tube, then 

entered into the header and finally passed through the outlet 

tube and also fresh air continuously moving downwards 

thorough the aluminium pipe into the evacuated tube with 

the help of blower . The velocity of the air at the outlet was 

measured with the help of anemometer to find out the mass 

flow rate. 

Three thermocouples were installed in the system. 

One inside the last evacuated tube to measure the 

temperature of 15th evacuated tube. Second one was 

inserted into the right most part of header from where hot air 

comes out. Last thermocouple was installed at the inlet of 

header through which ambient air passes. Temperatures of 

all the thermocouples were measured with the help of RTD 

PT100 Thermocouples. 

The entire system operation was carried out at 

different air flow rates with or without reflectors: 

1) At low mass flow rate with or without reflector 

2) At high mass flow rate with or without reflector 

E. Collector Performance Theory 

The thermal performance of the evacuated tube solar air 

collector can be estimated by the solar water collector 

efficiency (ηetc) which is defined as the ratio of the net heat 

gain to the solar radiation energy on area of solar collector 

AP or solar gain. 

      
                                           

                                       
 

Heat gain =          –      

Where, 

m= mass of air (kg/sec) 

   = specific heat of air at constant pressure (1005 J/kgC) 

    = temperature of air coming out from evacuated 

tube(C) 

    = temperature of ambient air(C) 

Solar gain =          

θ=0
o 
because of cylindrical shape of collector. 

So solar gain = IoAp 

Where, 
  = solar intensity (W/m

2
) 

Ap=area of the evacuated tube solar collector (m
2
) 

Area of the evacuated tube solar collector [Ma et al. (2010)] 

is given by 

          

Where, 

  = diameter of evacuated tube (m) 

  = length of evacuated tube (m) 

III. RESULTS AND DISCUSSION 

Time (hours) T1 (
o
C) T2 (

o
C) T3 (

o
C) T4 (

o
C) 

8:00 62.7 58.1 54.4 56.4 

9:00 74.2 72.4 73.0 76.3 

10:00 85.1 86.0 85.1 88.4 

11:00 90.1 90.0 90.0 96.3 

12:00 93.6 92.5 99.5 100.8 

13:00 94.8 93.6 99.8 104.6 

14:00 95.3 93.1 99.8 105.2 

15:00 94.8 92.0 96.2 99.6 

16:00 90.7 88.5 89.2 92.4 

17:00 79.2 75.0 77.3 80.9 

18:00 66.1 62.3 61.2 63.2 

Table 2 Variation of outlet temperature of the system for all 

the cases 

Where, 

T1=Outlet temperature of air when system operates at high 

air flow rate (30kg/hr) without reflector. 

T2=Outlet temperature of air when system operates at high 

air flow rate (30kg/hr) with reflector. 

T3=Outlet temperature of air when system operates at low air 

flow rate (15kg/hr) without reflector 

T4=Outlet Temperature of air when system operates at low 

air flow rate(15kg/hr) with reflector. 

Fig. 8 shows how the outlet temperature of 

evacuated tube solar air collector is changing with time for 

all the above studied cases. It’s clearly seen from graph that 

maximum temperature is obtained with the system operating 

at low air flow rate with reflector behind the evacuated tube.  

 
Fig. 8: Variation of outlet temperature of the air throughout 

the day for all studied cases 

A. Efficiency 

Time 

(hours) 
1 2 3 4 

8:00 0.6961 0.7110 0.3022 0.3361 

9:00 0.5113 0.5687 0.2794 0.3053 

10:00 0.4933 0.5658 0.3035 0.3003 

11:00 0.3761 0.4706 0.2265 0.2590 

12:00 0.3229 0.4204 0.2204 0.2282 

13:00 0.2817 0.3585 0.1993 0.2206 

14:00 0.3116 0.3751 0.2039 0.2292 

15:00 0.3571 0.4063 0.2090 0.2271 

16:00 0.4275 0.4874 0.2542 0.2876 

17:00 0.5674 0.6042 0.3742 0.4454 

18:00 1.0479 1.2524 0.7079 0.8425 

Table 3: Efficiency 

Where, 

1=Efficiency of the system when system operates at high 

air flow rate (30kg/hr) without reflector. 

2=Efficiency of the system when system operates at high 

air flow rate (30kg/hr) with reflector. 

3=Efficiency of the system when system operates at low air 

flow rate (15kg/hr) without reflector. 

4=Efficiency of the system when system operates at low air 

flow rate (15kg/hr) with reflector. 
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Fig. 9: Variation of efficiency of the system throughout the 

day for all studied cases. 

Above Fig. 9. shows how the efficiency of the 

evacuated tube solar air collector changes with time for all 

the cases. It is clearly seen that the system operating at high 

flow rate with reflector behind the evacuated tube is having 

more efficiency as compared to other cases. It is seen that 

there occurs a rapid increase in efficiency during the 

evening due to rapid decrease in solar intensity. Thus it is 

observed that among all above cases considered system 

operating at high air flow rate with reflector is the best 

system. 

IV. CONCLUSIONS 

Experimental results showed that the Evacuated solar air 

collector system operating with high air flow rate has better 

performance in terms of efficiency obtained than system 

operating with low air flow rate whereas outlet temperature 

of air obtained with system operating on low air flow rate is 

higher than system operating on high air flow rate. The 

thermal performance of the system is further increased with 

the help of reflector which is placed behind the evacuated 

tube. Hence, system operating with high air flow rate having 

reflector has highest thermal performance.The highest 

temperature difference (65.8
0
C) is achieved with system 

operating on low air flow rate and having reflector behind 

the evacuated tube.   

V. SCOPE FOR FUTURE WORK 

The evacuated tube solar air collector which is used for the 

production of hot air in the present work can be used in 

future for regeneration, desiccant cooling, heating and 

dehumidification, drying of agricultural product with time 

varying heat input 
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