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 Solar paraboloidal dish concentrator needs tracking towards the sun in the both 
directions, daily in east-west direction and periodically in north-south directions 
throughout the year. This theoretical and experimental investigation shows that 
intermittent tracking of the sun in north-south direction was found by designing 
absorber with respect to the difference in altitude angle over period of 45 days. In east- 
west, direction the movement of the sun is calculated for the period of two hours with 
respect to the hour angle of one hour period of  15o was determined and designed a 
curve as solar path by which it  eliminates tracking in east-west direction. Intermittent 
tracking was found in north -south direction for the period of 45 days period the results 
were found tabulated, the temperature of the heat transfer fluid were determined and 
change phase of heat transfer fluid was found. 
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INTRODUCTION 

 
 Solar radiation is the most significant of renewable energy system (Nazir, A., 2004) and in particularly 
concentrated heating system ,high value energy conversion is predominant (Milind, S. Patil, 2010). 
Heliothermal system of solar energy is turned in to heat and the heat is obtained in various forms in 
concentrating and it is used various applications. In two axis tracking mechanism in parabolic dish concentrating 
system the dish aperture always normal to the solar radiation falls over the paraboloidal dish concentrator, which 
resulting a higher efficiency due to the increased radiation and to get the maximum useful energy production 
throughout the year. Parabolic dish concentrator are generally designed by the method of sun tracking in both 
directions north-south and east-west to capture maximum amount of energy.  The recent decade’s researchers 
and engineers tried to find a best solution by using solar energy.  It has a lot of parameters to be analyzed such a 
solar time, solar collecting types, collector configuration, latitude, longitude, etc (Manoon Pidhuwan, 2004).   
 This paper gives the non tracking in the east-west and optimal intermittent tracking in north-south 
directions in solar parabolic dish concentrating collector. The local materials are used for fabricating the 
structure and reflecting aluminum sheet were used. The reflectors can be protected from the environment by 
anodisation which produce an oxide coating that can survive to expose and washing (Kaushika, N.D., K.S. 
Reddy, 2000). In parabolic dish with point focusing system is advantages over the other systems but the focus 
point were determined and the number of focal points are determined on the incident radiation falls over the 
surface of each time and making it has the solar path by using 15o for one hour (Shanmugham, S., W. Christraj, 
2005). In the north-south direction the maximum movement of the sun has been calculated as 23.5o for 90 days 
to optimize the tracking in north-south direction to get maximum amount of energy, the absorber diameter has 
been designed by the difference in the altitude angle. 
 

MATERIALS AND METHODS 
 
Tracking in east-west direction: 
 Everyday sun rises from the east and set in west, it starts with the zero altitude angle and reaches maximum 
at solar noon, so that sun path during the travel of east-west direction in a straight line in the range of hour 
angle.  It is noted that declination angle decreases and difference in solar altitude angle increases and vice-versa.  
So, there is a travel path from east-west in a curved path was drawn as trace and it is named as solar trace.  It can 
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be drawn by joining the reflection of the reflected sun’s rays in parabolic dish concentrator for a straight path of 
the sun and intensity of the radiation is maximum in the solar trace. In this theoretical development solar trace 
obtained for one hour variation before and after the solar noon and made it as a trace in figure.1 point F at solar 
noon and focal point of the dish, It was found the N1 and N2 incident radiation falls on A and B ,it is reflected 
and intersect at F. M is the before the noon time that the incident radiation M1,M2 falls on the point of the dish 
and reflected and intersect M, similar way point E  was found and after  noon period  for one hour period. The 
line joining EFN as formed as curve and it was made as trace of solar reflection. This was found in this research 
as solar trace in east west direction. 

 
 
Fig. 1: Solar trace for east west direction. 
 
Tracking of the sun in north-south: 
 It is needed tracking the sun in north–south and it is based on geographical location of a particular place, 
India located between the equator and the tropic cancer in the northern hemisphere, when the declination angle 
is greater than the 10o latitude, measurement of altitude angle from north and other latitude if its above the tropic 
cancer it is measured only from the south. If the location of the place is in between the tropic of apricorn and 
equator on the earth the altitude angle is measured only from the south and during the period of days, when the 
declination angle is greater than the latitude of the place. So the parabolic dish tilted  towards in north –south 
according the above intermittent tracking of  sun. 

 
Fig. 2: Absorber dia for north south direction. 
 
Design of absorber size: 
 The design of absorber tube coil is obtained by the sun rays falls on the parabolic dish concentrator in the 
north-south direction. The parabolic dish is fixed at a particular on any day. The points A and B are the end 
points of the dish at the outer surface, C is the centre of the parabolic dish. The solar altitude angle increases or 
decreases from south to north depending upon a particular day.  S1,A  and S2,B are the sun rays falls at A,B and 
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is reflected and intersect at S, similarly N1,A and N2,B are the sun rays falls at A,B and is reflected and intersect  
at N for a period of seven days taking into consideration the maximum difference between the altitude angle is  
2.46o for the period of seven days.  The point S and N is the diameter of the absorber coil. If the absorber is 
designed 7 cm diameter for north-south direction and it is placed on the solar trace for an hour angle of 15o for 
the east-west direction.  
 
Tracking methods: 
 The maximum difference in the altitude angle is 2.47o for the period of seven days.  The difference between 
the altitude angle will be minimum during the period of 35 days from June 1 - July 6. November 30th to January 
11th there is no need of tracking between these periods. 
Parameters of the parabolic dish concentrating system   
Diameter                              : 150 cm 
Depth     : 20   cm 
Focal Point    : 70.31 cm 
Solar Trace    : 42 cm 
Coil Diameter    : 7   cm 
Tube Diameter    : 0.2 cm 
Reflectivity of  sheet     : 0.8 
Angles parameters 
δ = 23.45 {π/180o} sin [2 π(284+n/365.25)] 
Sin ω = (sin α –sin δ sin φ)/( cos δ cos φ ) 
sin α = sin δ sin φ+ cos δ cos ω cos φ 
where 
n = the day number, such that n = 1 on the 1st January. 
ω = hour angle  
δ = declination angle δ 
φ = observer’s latitude 
α= altitude angle 
 
 Table 1 shows the declination angle period, the tracking is needed for the maximum of 2.46o in altitude 
angle. The experimental setup was situated at Tiruchirapalli 10.46o north 78.43o east. 
 
Experimental procedure: 
 Experimental set up of parabolic dish concentrating system has been developed to carry out investigation as 
shown in the figure.3. It  consists of parabolic dish with made up of polished aluminum sheet whose  reflectivity 
is 80% .Reflective surface can be maintained with good environment stability and it can be cleaned and made by 
rubbing polish and if the surface of deteriorated due to the exposed environment it can be washed to get clear 
reflectivity. Cooling water tank fitted at the top side to circulate the heat transfer fluid and water used as heat 
transfer fluid. Water circulation system has been arranged and absorber tube made of copper with coiled with 
designed absorber diameter. The experimental setup shown in figure.1.  

 
Fig. 3: Experimental setup. 
 
 Absorber tube is located in the focal point on the designed solar trace, in which the solar radiation incident 
on the surface reflected towards the solar trace and moves with respect to the movement sun and it’s clearly 
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visible in figure.3,4,5. Several investigation have been carried out about focal image characteristics (Kaushika, 
N.D., K.S. Reddy, 2000) and this investigation were not considered about the focal image analysis.  
 
Table 1: Declination angle period. 

Days Month Declination Angle Altitude Angle Difference in 
Altitude Angle 

1 1-Jun 22.01 78.45 0.48 
8 8 22.82 77.64 0.28 

15 15 23.29 77.17 0.9 
22 22 23.44 77.02 0.12 
29 29 23.24 77.22 0.31 
36 6-Jul 22.72 77.74 0.51 
43 13 21.87 78.59 1.9 
50 20 20.71 79.75 1.25 
57 27 19.28 81.18 1.42 
64 3-Aug 17.58 82.88 1.55 
71 10 15.65 84.81 2.8 
78 17 13.51 86.95 2.18 
85 24 11.2 89.26 0.58 
92 31 8.755 88.29 2.34 
99 7-Sep 6.18 85.72 2.39 

106 14 3.53 83.07 2.42 
113 21 0.82 80.36 2.43 
120 28 -1.9 77.64 2.43 
127 5-Oct -4.62 74.92 2.39 
134 12 -7.28 72.26 2.35 
141 19 -9.87 69.67 2.28 
148 26 -12.34 67.2 2.18 
155 2-Nov -14.65 64.89 2.7 
162 9 -16.77 62.77 1.53 
169 16 -18.66 60.88 1.37 
176 23 -20.28 59.26 1.18 
183 30 -21.59 57.95 0.58 
190 7-Dec -22.57 56.97 0.37 
197 14 -23.19 56.35 0.14 
204 21 -23.43 56.11 0.8 
211 28 -23.29 56.25 0.31 
218 4-Jan -22.77 56.77 0.52 
225 11 -21.89 57.65 1.14 
232 18 -20.65 58.89 1.33 
239 25 -19.09 60.45 1.5 
246 1-Feb -17.25 62.29 2.5 
253 8 -15.16 64.38 2.18 
260 15 -12.86 66.68 2.28 
267 22 -10.39 69.15 2.36 
274 29 -7.79 71.75 2.41 
281 7-Mar -5.1 74.44 2.45 
288 14 -2.35 77.19 2.46 
295 21 0.42 79.96 2.45 
302 28 3.17 82.71 2.42 
309 4-Apr 5.87 85.41 2.36 
316 11 8.48 88.02 1.26 
323 18 10.99 89.47 2.21 
330 25 13.34 87.12 2.1 
337 2-May 15.51 84.95 1.58 
344 9 17.48 82.98 1.43 
351 16 19.2 81.25 1.27 
358 23 20.63 79.79 1.1 
365 30 21.84 78.62  

 
 Sunrays are incident on the reflective surface of the parabolic dish. They are reflected and conveyed to the 
surface of the tube at the curve to heat the water and subsequently take change phase with flow arrangement. No 
coating has been done over the surface of the absorber tube and different coating may be done for future 
development thermal analysis and various losses were not taking in to consideration and this investigation 
purely tracking development of sun and its path. The parabolic dish set up made in which turned conveniently 
and adjustable mechanism has been provided to track the sun in east-west direction and north-south direction. 
Mass flow rate of water adjusted with valve adjustment and  measured.    
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Fig. 4: Experimental setup. 
 

 
 
Fig. 5: Table for Temperature versus time. 
 
Results: 
 The test carried out on the experimental set up and situated in geographical location 10.46o N ,78.43o E and 
it was fixed about before and after two hours of solar noon time. The test were done in the month of April and 
May,2013, for about six days and the results are plotted temperature vs time and shown Figure.5 The 
experimental setup placed in open place with clear sky and cloud free with sunny days. The test was taken 
between 11 am to 1 pm and data were taken on each hour of 15 minutes of intervals. The resistance thermometer 
placed at the focal solar trace to obtain various temperatures and maximum temperatures.  
 
Conclusion: 
 By using the experimental results, it was found that no tracking techniques of two directions of east-west, 
north-south both and it showed better performance and cost of tracking completely eliminated. The maximum 
temperature of transfer fluid 95o C recorded and after the solar noon the maximum temperature recorded during 
the time and partially vaporizing of water and change phase happen and it has been taken directly and direct 
steam generation may be analyzed. It is a simple construction and low cost applications for a direct steam 
generation (Milind, S. Patil, 2010) hence it may be developed for direct steam generation and characteristics 
curves may be analyzed. Collector performance can be found through the similar study and work (LIU Qi Bin, 
2010). Direct solar steam  promising option for solar thermal electricity generation (Eck, M., 2002) and the it 
can be developed for the rural application.  
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