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Abstract— A solar collector is the central energy source of 

any solar thermal system. It traps the sun’s radiation to 

produce heat and transfer this heat to a flowing fluid (air, 

water, thermal oil etc.) which is then used to energize a 

certain heating or cooling device. The designing & sizing of 

a solar collector for a solar heating/cooling system is a 

complex having number of interrelated parameters, which 

include, the type of solar collector, the changing 

heating/cooling demand, the weather conditions, the 

operating temperature range, the storage tank size, the 

capacity of heat exchangers, the weather conditions, and a 

many of economic parameters. Evacuated glass tube based 

solar collector is reviewed in this paper for various fluid 

heating applications.The review in this paper comprises of 

applications of evacuated glass tube based solar collectors 

for air heating and water heating applications.  

Key words: solar collectors, evacuated glass tube collectors, 

solar air heating. 

I.  INTRODUCTION 

Evacuated tube solar collectors, have an absorber with a 

selective coating enclosed in a sealed glass vacuum tube. 

They are good at capturing the energy from the sun. They 

have extremely low thermal losses to the environment. 

Systems presently used I market use a sealed heat-pipe on 

each tube to extract heat from the absorber (a liquid is 

vaporized while in contact with the heated absorber, heat is 

collected at the top of the tube while the vapor condenses, 

and condensate returns to the absorber). Evacuated 

collectors are good for applications requiring energy 

delivery at moderate to high temperatures (domestic hot 

water, process heating and space heating applications 

typically at 60°C to 80°C depending on outside 

temperature), particularly in cold climates.  

ETC collectors are the most efficient collectors 

available. Each evacuated tube is similar to a thermos in 

principle. A glass or metal tube containing the water or heat 

transfer fluid is surrounded by a larger glass tube. Very little 

heat is lost from the tubes because the space between the 

tubes is vacuum.  

These collectors can work well in overcast 

conditions and operate in temperatures as low as -40°F. 

Individual tubes are replaced as needed. Evacuated tube 

collectors can cost twice as much per square foot as flat 

plate collectors but efficiency of the collectors is much 

higher than that of flat plate collectors. 

II. ETC FOR GAS HEATING 

Abdul Waheed Badar [1] experimentally and theoretically 

investigated the overall heat loss coefficient (U-value) of a 

solar vacuum tube with regard to the pressure of the 

remaining gas inside the evacuated glass collector. A 

number of collector tubes of same geometry are selected 

randomly from an installation of a solar based air-

conditioning system and tested individually in the laboratory 

for determining the U-Value. Measurement results indicated 

that most of the examined collector tubes have higher 

overall heat loss coefficients than expected corresponding to 

a significant amount of gas inside the glass envelope. It was 

found that randomly selected vacuum collector tubes from 

the same collector field have different values of heat loss 

coefficient under similar conditions. Heat transfer 

coefficients of most of the tested tubes fall into the range of 

(2–4) W/m
2 
K.  

Avdhesh Yadav and V.K.Bajpai [2] studied the 

solar powered air heating system using 40 one ended 

evacuated glass tube based solar collectors. The collector 

surface area is 4.44 m
2
. The length and outer diameters of 

the outer glass tube and absorber tube are 1500, 47 and 37 

mm, respectively. In that experimental setup, a swuare 

shaped header (heat exchanger) of  (190 mm x 190 mm) was 

used. The length of header was 1500 mm. The header 

consisted of a hollow pipe in the center whose diameter was 

60 mm through which the air is made to flow. The 

experimental setup contains approximately 108 liters of 

water. Water worked as a heat collecting medium which 

collected the solar heat falling on the tubes. This heat was 

delivered to the air flowing through the header pipe. This 

heat flow was due to the natural convection and conduction. 

The study had been done for both up-flow and down-flow of 

air in header in similar weather conditions, at different flow 

rates. Main objective of the study was to figure out the 

effect of intensity of solar radiations and mass flow rate on 

the outlet temperature of air. Observation stated that down-

flow configuration is more effective than the up-flow 

configuration at all flow rates due to lesser losses in down-

flow. The results showed that the temperature differences of 

upper head and lower head, both of water and surfaces of 

pipes of respective ends was lower in down-flow thereby 

resulting in high efficiency of downward flow configuration.     

C.J. Zhao, K. Kanayama and H. Baba [3] designed 

a new type of the reflectors for evacuated tubular collectors 

(ETC) which were referred to as a Compound Circular 

Reflector (CCR). The reflectors allowed reducing the 

number of tubes per collector area due to increasing the 

center-to-center distance of the tubes, i.e. the pitch of tubes, 

so that the weight and cost of the collectors complimented 

with the reflectors decrease. The reflectors also improved 

the collector efficiency. In comparison with a collector 

coupled with the planar reflectors, the collector coupled with 

CCRs accomplished following purposes: The weight per 

collector area decreased by 20% and the collector efficiency 

increased by about 7 percentage points as well as the cost of 

production per collector area decreased by 33%. Therefore 

the cost effectiveness of the collectors was markedly 

improved. The advantages of the CCR are summarized as 

follows: Comparing the CCR-collector and the PDR-

collector, the cost of production per collector area of the 
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CCR-collector was 33% lower than that of the PDR-

collector, the collector efficiency increased by 7%, and the 

weight per collector area was 20% lower. 

Pin-Yang Wang et al.[4] conducted experiments 

and simulation on a new-type all-glass evacuated tubular 

solar air heater with a simplified compound parabolic 

concentrator (CPC) designed to provide air with moderate 

temperature range of 150-200
o
C. The system was made up 

of 10 linked collecting panels and each panel included a 

simplified CPC and an all-glass evacuated tube with a U-

shaped copper tube heat exchanger installed inside. Air was 

gradually heated while passing through each U-shaped 

copper tube. The heat transfer model of the solar air heater 

was established and the outlet air temperature, the heat 

power and heat efficiency were calculated. Calculated and 

experimental results showed that the present experimental 

system can provide the heated air exceeding 200
o
C under 

relatively large air flow rate even in winters. 

Xing Li et al.[5] proposed a small scale 

humidification-dehumidification (HDH) experimental setup 

based on all glass evacuated tube based solar collectors.  

The solar air heater showed good thermal performance in 

the experimental processes with higher insulation and 

sealing property. The test results of solar air heater showed 

that the cut length of efficiency and overall heat loss 

coefficient was 0.47 and 1.60 respectively. While testing 

and analyzing the operation characteristics, the test results 

showed that different inlet sprayed water temperature in the 

pad humidifier from 9
o
C to 27

o
C improved relative humidity 

of outlet most air from 89% to 97% and outlet air 

temperature from 35
o
C to 40

o
C. Higher outlet air 

temperature and relative humidity could effectively improve 

fresh water production of the plant under the same air flow 

rate and cooling conditions. 

Runsheng Tang et al. [6] developed a detailed 

mathematical procedure to estimate daily collectible solar 

radiation on a single tube of all glass evacuated solar glass 

tube collectors based on geometry and knowledge of two-

dimensional radiation transfer. Results showed that the 

annual collectible radiation on the tube is affected by many 

factors such as collector type, size of solar tubes, central 

distance between tubes, tilt and azimuth angles, use of 

diffused flat reflectors. For collectors with identical 

parameters, T-type collectors (collectors with solar tubes 

tilt-arranged) annually collected slightly more radiation than 

the H-type collectors (those with solar tubes horizontally 

arranged). The DFR used in the system could significantly 

improve the energy collection of collectors. Unlike the flat-

plate collectors, all-glass evacuated tube solar collectors 

should be generally mounted with a tilt-angle less than the 

site latitude for maximizing the annual energy collection. 

For most areas with the site latitude larger than 30
o
 in China, 

the T-type collectors should be installed with a tilt-angle 

about 10
o
 less than the site latitude, whereas for H-type 

collectors without DFR, the reasonable tilt-angle should be 

about 20
o
 less than the site latitude. Results also indicated 

that, for south-facing collectors, 10
o
 deviation from the 

optimal tilt-angle brought less than 5% reduction of the 

annual collectible radiation on a collector, signifying that for 

most areas in China, the installation of T-type collectors at a 

tilt-angle equal the site latitude seemed acceptable, but such 

installation for the H-type collectors without DFR was not 

reasonable. 

AR. Umayal Sundari, et al. [7] designed a forced 

convection solar drier with evacuated solar collector and 

blower. The performance of the designed drier was 

evaluated by carrying drying experiments with amla. Solar 

drying of amla was carried at different air velocity flow 

rates 4 m/s, 4.25 m/s and 4.5 m/s and was compared with 

natural sun drying. The temperature of the drying chamber 

ranged from 53ºC to 82ºC while the ambient temperature 

ranged from 29ºC to 32ºC. The efficiency of the designed 

drier varied from 38.62% to 43.7% where as the efficiency 

of sun drying varied from 12.5% to 14.15%. It was observed 

that the efficiency of the drier increased with increase in air 

velocity flow rates. Initial moisture content of amla ranged 

between 83.6% and 84.3% and the equilibrium moisture 

content ranged between 0.1% and 0.6%. Solar drying took 5 

to 7 hours to reach safe moisture content while the sun 

drying takes 13 to15 hours. Also the quality of solar dried 

amla was better in terms of colour, odour, flavour and 

appearance than the sun dried amla. The observed result of 

the project work showed that the proposed solar drier is 

good for drying amla in Indian climate. 

X.Li et al. [8] theoretically analyzed and 

experimentally investigated a novel cost-effective evacuated 

tubular collector (SPETC) with symmetrical compound 

parabolic concentrator (CPC). The objective of the research 

was to report the test results of the novel SPETC with CPC, 

evaluate thermal and optical performances including the 

heat flux distribution on absorber surface, heat losses, and 

thermal efficiencies, thereby providing useful data for solar 

process heat application. Experimental results indicated that 

a daily thermal efficiency of 49% could be reached at a 

difference of 59.7 K between inlet and ambient temperatures 

under a volume flow rate of 0.0078 m
3
 s

-1
. Corresponding 

numerical prediction showed that the operational volume 

flow rate between 0.007 and 0.01 m
3
 s

_1
 was suggested to 

the SPETC using the HTF as air under the geometry and 

operational conditions. These results proved the feasibility 

of the novel SPETC for industrial process heat and solar 

cooling system combined with adsorption chiller. 

Neeraj Sharma and Gerardo Diaz [9] conducted 

numerical investigations on a novel mini-channel based 

evacuated tube collector consisting of U-shaped flat tube 

absorber with a selective coating on external surface. The 

working fluid flowed inside an array of minichannels 

located in the cross-section of absorber along its length. The 

flat absorber was enclosed in an evacuated glass envelope to 

minimize the convective losses. Performance and pressure 

drop were calculated for different inlet temperatures and 

mass flow rates of working fluid. The results of the model 

showed a gain in efficiency when compared to a similarly 

sized evacuated-tube solar collector, without mini channels. 

The reduction in the heat path from the absorber surface to 

the working fluids benefits operation at higher temperatures. 

Vishal Dabra et al. [10] experimented evacuated 

tube solar air collectors at different collector tilt angles from 

the horizontals with the one inclined at 30
o
 and 45

o
. 

Experimental results in the setup revealed that tilt angle had 

a significant influence on the thermal performance of the 

evacuated tubular solar air collector along with or without 

the reflector. Experiments also showed that, for 30° tilt 
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angle evacuated tube solar air collector with reflector had a 

better thermal performance than the 45° tilt angle evacuated 

tube solar air collector with or without reflector. This 

indicated that increasing the collector tilt angle had no 

positive effect on thermosyphon phenomenon inside the 

evacuated tube based solar collectors. 

Avadhesh Yadav et al. [11] experimentally 

investigated solar air heating system using one ended 

evacuated tube solar collectors. The experimental setup with 

header as a heat exchanger contained a fluid which worked 

as a heat-collecting medium and collected the solar heat 

which fell on the tubes. This heat was delivered to the air 

flow through the circular pipe. To enhance the outlet 

temperature, reflectors and copper coil and reflectors are 

used. Both configurations of parallel and counter flows were 

experimentally examined by changing position of the 

blower. It was found that the setup operated with better 

efficiency at a higher flow rate and counter flow, in the 

model with reflector and coil. The attained maximum 

temperate difference was found to be 36.8oC at a flow rate 

of 0.0268 kg/s. The setup attained a higher temperature 

difference at a low flow rate; however, the efficiency was 

low. At a high flow rate, the efficiency is high, but the 

temperature difference slightly decreases. At counter flow, 

the efficiency and temperature difference achieved is higher 

than parallel flow. On attachment of reflectors beneath the 

evacuated tubes, the solar radiation incident on them 

practically increases almost twice; hence, the efficiency 

increases. Placement of a copper coil in the circular pipe 

increases the efficiency of the setup by increasing the heat 

transfer because the copper coil acts as a fin. 

III. ETC FOR WATER HEATING 

I. Budihardjo et al. [12] evaluated the performances of water 

in glass evacuated tube based solar collectors using 

experimental measurements of heat loss and optical 

characteristics. Comparison between water-in-glass 

evacuated tube solar water heaters and flat plate systems 

operating in Sydney shows that an evacuated tube system 

with 30 tubes has slightly lower energy savings than a two 

panel (3.7 m2) flat plate system. The performance of 

evacuated tube collector system was shown to be less 

sensitive to tank size than flat plate collector systems. 

Morrison et al. [13] analyzed the water-in-glass 

evacuated tube collector for water heating. In his research he 

mentioned that evacuated tube solar collectors performed 

better than flat plate collectors during high temperature 

operations. Water-in-glass tube collector seemed to be a 

better option for domestic utilization because of its 

simplicity and low cost. Many a times it would be difficult 

to mount the solar water heaters. In order to avoid all those 

problems, it was essential to study the performance of the 

evacuated tube at various angles of inclination to check and 

confirm that if the performance remains same for all angles 

of inclination. 

Runsheng et al. [14] studied the thermal 

performance of water-in-glass evacuated tube solar water 

heaters with different collector tilt angles. They conducted 

the experiments at two different angles 22° and 46°. There 

was no significant variation found in daily thermal 

efficiencies. But this study did not provide the data for other 

angles of inclinations, particularly for 0° and 90°. 

 

Zambolin and Col. [15] presented an experimental 

validation of one ended evacuated tube collector with and 

without reflector. The results revealed that optical efficiency 

showed better with wide range of incident angle by using 

reflectors and east-west tube alignment were preferred for 

balancing the heat production between summer and winter 

seasons.  

R.E. Collins et al. [16] performed an experiment on 

flat plate and evacuated tubular collectors in thermosyphon 

systems. The results confirmed that efficiency per unit area 

of evacuated tubular collector was substantially greater than 

that of good quality flat plate collectors even at low 

temperatures. This performance differences would be 

greater at higher temperatures. Three novel manifolds of the 

water-in-glass type for evacuated all glass single ended 

tubular collectors were investigated for series connection of 

tubes. The efficiency of heat extraction had been determined 

by measurement of temperatures at various locations. 

Performance of an evacuated tube heat pipe solar 

collector was compared by Dan Nchelatebe Nkwetta et al. 

[17] to concentrated evacuated tube single-sided coated heat 

pipe absorber. The aperture areas of the solar collectors 

were 0.107 m2 and 0.2004 m2 for the evacuated heat pipe 

and concentrated evacuated single-sided coated heat pipe 

absorber respectively. They had conducted experiments for 

five different transverse angles (0-40°) with a collector tilt 

angle of 60° to the horizontal. The concentrated evacuated 

tube solar collector showed an improvement of 30% and 

25.4% in overall average outlet and inlet fluid temperature 

differential and total energy collection. 

Chow et al. [18] investigated single phase and two 

phase thermosyphon evacuated tube water heaters in 

different climate zone of china for system energy 

performance and economical return. Single phase system 

was found as an economic option having better cost payback 

except for locations with extreme cold weather while the 

thermal efficiency found for two phase design was high and 

which had a better environmental performance. 

IV. CONCLUDING REMARKS 

This study includes a comprehensive assessment of working 

and experimental analysis of evacuated tube based solar 

collectors for various thermal applications. The review 

includes the effects and performance analysis of evacuated 

glass tube collectors for air heating and water heating 

applications. The vital findings of this study are summarized 

as follows, 

 The efficiency of evacuated tube based solar 

collector depends on mass flow rate of air and solar 

intensity. 

 Provision of copper coil as a fin in the evacuated 

tube solar collector increases the efficiency by 

increasing the heat transfer coefficient.  

 The efficiency of evacuated tube based solar 

collectors was substantially higher than the flat 

plate collectors even at lower temperatures.  

 Evacuated tube collectors with heat shields worked 

better than the evacuated tube collectors without 

heat shields.  
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 It was clearly indicated that water-in-glass 

evacuated tube collector had better performance 

than flat plate collectors but heat pipe collector had 

15 to 20 % higher efficiency than water-in-glass 

collectors which proved to be a better option. 

 The thermal efficiency of water in glass evacuated 

tube collectors was found less than that of U-pipe.  

 The optimum inclination angle for a thermosyphon 

solar water heater varies 0o to 10o for maximum 

solar fraction in northern region and varies 0° to 

20° for southern region. 
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