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Abstract—The water-in-glass evacuated tube is an integral part of evacuated tube solar water heater. The water-in-glass 
collector is the mostly used form of evacuated tube collector because it has higher thermal efficiency than metal-in-glass tubes 
and has simple construction requirements and hence lowers manufacturing cost.  Solar water heaters with evacuated tube 
collectors perform better than that of flat plate collector. Borosilicate glass is used for water-in-glass evacuated tube. The 
vacuum gap is made between inner tube (diameter 47mm) and outer tube (diameter 58mm, length 1800mm). Inner glass tube is 
coated with aluminum oxide to absorb more heat. Water heating systems are provided by solar energy (sunlight) directly to 
thermal energy. This system was tested in Mandalay Technological University and used 6 numbers of evacuated tubes are 
mounted with different tilt tube angles. Performance test is made during 8-hours of daytime in real use. This paper discusses 
the experimental and theoretical study conducted on evacuated tube collectors mounted at different angles of inclination.  It is 
found that experimental results give a good agreement with the theoretical result. In this paper, the utilization of solar energy 
through solar water heating systems plays a big role in the quantity of conventional energy required.  

 
Index Terms—Water-in-Glass Evacuated Tube, Solar Water Heater, Solar Radiation, Angle of Inclination,
 
I. INTRODUCTION 

 
Solar energy is one of the alternative energy sources. 
Solar energy can be converted into a more useful form 
by either an electrical, chemical or thermal process. 
Water heating systems are provided by solar energy 
(sunlight) directly to thermal energy. Hot water is 
required for many purposes and the sun can be used 
effectively, and economically to provide this heat. The 
warming effect of solar radiation is obvious and it is 
well known that a container of cold water, left exposed 
to the sun will be raised in temperature. Solar water 
heating systems are designed to make convenient use 
of this phenomenon. In this paper, the utilization of 
solar energy through solar water heating systems plays 
a big role in the quantity of conventional energy 
required. Solar water heaters therefore have significant 
potential to reduce environmental pollution arising 
from the use of fossil fuels[1]. 
 
Water heating is one of the simplest applications of the 
solar heat and one of the expensive. The operation of a 
solar thermal collector is based on the absorption of 
solar heat, and its circulation through the system, in 
order that a working fluid (water for instance) can be 
heated. Evacuated tube solar collectors exhibit better 
performance than flat-plate solar collectors, in 
particular for high temperature operation. Therefore, 
the glass evacuated tube is gradually becoming the key 
component in solar thermal utilization such as the 
solar water heating system. [2] 
Morrison et al (2004) analyzed the water-in-glass 
evacuated tube. In his research findings he has 
mentioned that evacuated tube solar collectors 
perform better than flat plate collectors during high 
temperature operations. Water-in-glass tube collector  
 

 
seems to be a better option for domestic utilization 
because of its simplicity and low cost.  The 
water-in-glass evacuated tubes are manufactured in 
large quantity in China and Europe. The market for 
solar water heaters with evacuated tube collector is 
growing swiftly because of low cost and better 
performance.  
 
It is essential to study the performance of the 
evacuated tube at various angles of inclination. If the 
performance remains same for all angles of 
inclination, it will be easy to mount the collectors[3]. 
Runsheng Tang et al (2011) studied the thermal 
performance of water-in-glass evacuated tube solar 
water heaters with different collector tilt angles.  
The team conducted the experiment at two different 
angles 22° and 46°. There is no significant variation in 
daily thermal efficiency. But this study does not 
provide the data for other angles of inclination, 
particularly 0° and 90°. The present study is carried 
out to find the solar radiation of the evacuated tube at 
tilt angles, viz. 0°, 15°, 30°, 45°, 60° and 90°. 
Obviously this idea of angles on the basis of 
application will create a greater impact on this 
environmental concerned world.  
 
The main reason why solar heaters are not preferred is 
the price and complexity. But when it is apparent that 
one can go on with any angles and less complexity 
which in turn means low pricing will increase the 
number of users to switch from electric water heaters 
to solar. Literatures state that the collectors should 
face the south direction to receive sunlight for 
maximum period of time. This factor is also taken into 
consideration. The experiment is conducted with the 
tubes facing south direction and different angles .The 
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results are interesting and they raise question on 
literatures’ statement. [4] 
 
II. EVACUATED TUBES 
 
The evacuated tubes used in this experiment are 
supplied by a solar water heater manufacturer. In 
water-in-glass evacuated tubes, the outer tubes and the 
inner tubes are made of Borosilicate glass with 58mm 
outside diameter and 47mm inner diameter and 1.7 
mm thickness with 1800mm length. And the inner 
tube is coated with aluminum oxide. Figure 1 shows 
the detail parts of the evacuated tube. 
The vacuum tubes consist of a double wall glass tube 
with a space in the center which contains the heat pipe. 
The sun's radiation is absorbed by the selective coating 
on the inner glass surface, but prevented from 
re-radiating by the silvered innermost lining. This is in 
effect like a one-way mirror which has been optimized 
for infra-red radiation. In fact it is very efficient, of the 
sun light's energy hitting the tube's surface, 93% is 
absorbed, whereas only 7% is lost through reflection 
and re-emission.  
 

 
Fig.1.Water-in-glass evacuated tube[7] 

 
The presence of the vacuum wall prevents any losses 
by conduction or convection - just like a thermos flask. 
Because of this, the system will work even in very low 
temperatures, unlike traditional flat plate collectors. In 
order to maintain the vacuum between the two glass 
layers, a barium getter is used. During manufacture 
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 tube during storage and operation, 
thus helping to maintaining the vacuum. The barium 
layer also provides a clear visual indicator of the 
vacuum status. The silver colored barium layer will 
turn white if ever the vacuum is lost. 
 
III. METHODOLOGY 
 
The design location is considered at Mandalay and the 
design month is February10 (2015). Specifications 
data are as fallows; 

North Latitude - 21.98˚N 
East Longitude - 96.1˚E 
Solar constant, Io -1373W/m2 

Elevation above sea level - 74.676×10-3 

Climate type - tropical 
Local standard time of meridian for Mandalay - 97.5˚E 
 
A. Essential Solar Angles for Solar Radiation 
Solar declination angle (δ): The angle position of the 
sun at solar noon with respect to the plane of the 
equator, north positive,-23.45˚<δ≤23.45˚. 

  (1)                                       284
365
360sin45.23 



  n

Where, n is the day of year after January 
Solar zenith angle θz: The angle between the 

vertical and the line to the sun. 
  )2(                     coscoscossinsincos 1

z   

Where, θz-solar zenith angle 
λ -local latitude, 
  ω -solar hour angle, 
δ -solar declination 
SolarHour angle ( ω  ): The angle through which the 
earth must rotate to bring the meridian of the point 
directly under the sun. It is the angular measure of time 
at the rate of 15 per hour. Hour angle is measured from 
noon, based on local apparent time being positive in 
the afternoon and negative in the forenoon. 

  (3)                                                    t       
τ

 360  ω    
day




where, dayτ - length of the day,
                  t= 12 – LSoT (am) (hr or min) 

  = LSoT (pm) (hr or min) 
Local Solar Time (LSoT) :It is the time of day 
measured from solar noon. Solar time coincides with 
real time only at certain time of the year in which earth 
is at the perigee or apogee of its orbits. At other times, 
real and solar time may differ by as much as 15 
minutes. The solar time is defined as following. 

  (4)                                             L4STLSoT st eLloc 
where,  ST  -  Local standard time (hr), 

     -  clock time (hr), 
Lst - Longitude of the local standard timemeridian 

Lloc  -  Longitude of the locality (degree), 
e  -  the equation-of-time correction (min). 
Note that the factor of 4 is the minutes of elapsed 

time for one degree of earth rotation. 
  (5)                         1.5sinB-7.53cosB-2sin87.9 Be 

Then,  B = 360 (n – 81)/364, 
 
Solar Incidence Angle ( θ ): The angle between the 
beam radiation on a surface and the normal to that 
surface. The angle at which these rays fall on an object 
is called the angle of incidence. The angle of incidence 
is so large in the morning and evening on earth, about 
six hours of usable solar energy is available daily.  
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Fig.2.Solar zenith angle and collector tilt angle[8] 

 
B. Clear Sky Radiation 
Beam radiation: Solar radiation received on the earth’s 
surface without change in direction is called beam 
radiation.[9] 

(7)                             
cos

expaI 10eff0, 

















z
b

kaI


The coefficients are, 
 a0 = r0 a0*, 
 a1 = r1 a1*, 
 k  = rkk*. 
The constants a0*, a1* and k* for the 23 km visibility 
standard atmosphere are: 
 a0*  = 0.4237 – 0.00821 (6 – H)2, 
 a1*  = 0.5055 + 0.00595 (6.5 – H)2, 
 k*  = 0.2711 + 0.01858 (2.5 – H)2, 
where, H is elevation above sea level (km), and r0, r1 
and rk are the correction factors listed in Table 1. 
 
Table.1. Correction Factors for Climate Types [10] 

 
 

Effective Solar Constant: It varies with the time of 
year according to the formula; 

(8)                              
365.25
360n0.033cos1II 0effo, 
















 Diffuse Radiation: The radiation received on a 
terrestrial surface (scattered by aerosols and dust) 
from all parts of the sky dome, is known as diffuse 
radiation.  

  (9)                           cos2939.00.2710II zeff0,d bI
Hemispherical radiation: This is either diffuse or beam 
radiation reflected from the foreground onto the solar 
aperture. 

(10)                                                      IcosII dzbh  
Total solar insolation: The sum of beam and diffuse 
radiation is referred to as total radiation. 

   
(11)        

2
cos1I

2
cos1I

cosII hd
b








 ground

 
Where,  I- total solar insolation 

    β-collector’s tilt angle 
 groundρ - therelativity of the ground in front of       

collector  
 
IV. EXPERIMENTATION 
 
The basic experimentation is to record the total solar 
radiation of the evacuated tubes at particular time 
intervals. Initially the experiment is conducted with 
tubes facing the south direction.And then evacuated 
tubes are placed with different angles such as 
0˚,15˚,30˚,45˚,60˚, 90˚.Figure 3 gives the view of 
experimental set-up. The type of solar power meter is 
used in the experiment to read solar radiation. The 
readings are taken continuously for every one hour 
from 10.00am to 4.00pm.  

 

 
Fig.3.Experimental set-up of evacuated tubes 

 
V. DISCUSSION ON RESULTS 
 
In this paper, solar insolation is calculated for hot 
water. Beam radiation, diffuse radiation and 
hemispherical radiation are also calculated to get solar 
insolation. 
 

 
Fig.4.Solar radiation at 0˚ inclination 

 

 
Fig.5.Solar radiation at 15˚ inclination 

θZ 

North collector 
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Fig.6.Solar radiation at 30˚ inclination 

 

 
Fig.7.Solar radiation at 45˚ inclination 

 

 
Fig.8.Solar radiation at 60˚ inclination 

 

 
Fig.9.Solar radiation at 90˚ inclination 

 
 The solar radiations are plotted based on the 

observed readings from experimental set-up and 
theoretical facing south direction. In experimental and 
theoretical, the solar radiation for Mandalay was 
increasing by the value of slope (β) in the month 
February at 9:00am. But slope (β) 90˚ was less than 
others inclinations. The value of solar radiation is not 
too different at the slope angles 15˚, 30˚and 45˚ in both 
experimental and theoretical at the time 10:00amand 
11:00am.The maximum solar radiation received at the 
slope angle of 30˚ and 45˚ at noon. There is no 
significantly variation in the solar radiation at 1:00 
pm.At2:00 pm the solar radiations are slightly 
decreased at all angles. And then the solar radiations 
are dramatically failed at titled angles 0˚,15˚,30˚, 45˚ 
and 60˚at the time 3:00pmand 4:00pm.The minimum 
solar radiation occurred at the inclination angles of 0 
and 90 at 4:00pm. In figure 5, 6 and 7, the theoretical 
results are almost equal the experimental results. For 
60˚ and 90˚ of inclinations, the solar radiations of 
theoretical and experimental results are different. 
Because of the weather conditions are changed in 
experiment. In this paper, the optimum inclinations are 
15˚, 30˚, 45˚ and 60˚ for solar radiation. But the space 
is very important to place for evacuated solar water 
heaters. The most optimal inclinations are 30˚ and 
45˚.Because theses angles can give maximum solar 
radiation and there is no need to require wide space for 
installation. The output of the project will be very 
useful for the solar water heater industries. 
 
CONCLUSION 
 

In this paper, the total solar radiations are expressed 
by changing inclination angle (β) for water-in-glass 
evacuated solar water with experimental and 
theoretical.The numbers of tubes are important for 
evacuated solar water. Because it relatesto get the 
solar radiation. If the numbers of the tubes are less, the 
amount of absorbing solar radiation will be less. The 
values of solar radiation may be different between 
calculated result and actual measuring data. Because 
of the weather always changes. The result of the 
inclination angle(β) is useful data to get the more 
radiation because the calculation is based on the 
rotation and direction of the sun. From this work, 
better understanding and useful information are 
provided for water-in-glass evacuated solar water 
heater. 
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