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ABSTRACT 

Solar  power  is  available  in  universe . It  can  be  used  for  various  applications . One  of  them  is  steam  generat ion . 

Parabolic  shaped dishes  Concentrating Solar Power (CSP) technology  can  be  found   one of the most  important  option for 

generating renewable electricity at the required   scale .The paper presented   here , we  have  tried  to  do  the optimization of 

tilt  angle  of  Solar  concentrators  by  using  Taguchi Method  .  This  is a statistical approach to optimize the  variable  

process parameters and improve the quality of  concerned  components that are manufactured. The objective of this study is 

to illustrate the procedure adopted in using Taguchi Method to find best  tilt  angle  for  CSP . First, a Taguchi experiment was 

used to perform an efficient experimental design and analyzed the robustness of the tilt angles for fixed south-facing PV 

modules. The objective is to maximize the steam generated from the modules . 

 

Keywords: Solar Power, Tilt Angle, Concentrating Solar Power, PV Module.  

---------------------------------------------------------------------------------------------------------------------------------------------- 

1. INTRODUCTION MAIN  

In India the amount of solar energy incident on a solar collector in various time scales is a complex function of many factors 

including the local radiation climatology, the orientation and tilt of the exposed collector surface and the ground reflection 

properties. The performance of a solar collector is highly influenced by its orientation and its angle of tilt with the horizon. This is 

due to the fact that both the orientation and tilt angle change the solar radiation reaching the surface of the collector (Ahmad, et al, 

2009). Our main objective is to maximize the solar power by varying the tilt angle and slope in  Ahmednagar . 

There are various devices for absorbing the solar radiation. The Sun rays are to be always focused onto the absorber plate. The 

collector has to be rotated by tracking system, but the tracking system is very costly so we cannot use this for every system 

economically. Due to this reason the solar collector is fixed either monthly, seasonally or yearly pattern, based on our 

requirements (Agarwal, et al, 2012).   

In  last few years, many authors have presented models to Predict solar radiation on inclined surfaces. Some of these models apply 

to specific cases; some require special measurements and some are limited in their scope. These models use the same method of 

calculating beam and ground reflected radiation on a tilted surface. The only difference exists in the treatment of the diffuse 

radiation. The approximation commonly used for converting the diffuse component value for a horizontal surface to that for a 

tilted one is that sky radiation is isotropically distributed at all times(Danny, et al, 2007).  

We  are  using  Taguchi  method  to  find  out  best  possible  tilt  angle  for  Solar CSP , in  Ahmednagar . Taguchi method is a 

statistical method developed by Taguchi and Konishi . Initially it was developed for improving the quality of goods manufactured 

(manufacturing process development), later its application was expanded to many other fields in Engineering (Srinivas, et al, 

2012) .  

Professional statisticians have acknowledged Taguchi’s efforts especially in the development of designs for studying variation. 

Success in achieving the desired results involves a careful selection of process parameters and bifurcating them into control and 

noise factors. Selection of control factors must be made such that it nullifies the effect of noise factors.  Taguchi Method involves 

identification of proper control factors to obtain the optimum results of the process. Orthogonal Arrays (OA) are used to conduct a 

set of experiments. Results of these experiments are used to analyze the data and predict the quality of components produced. 

Concentrated  Solar  Power  from  Parabolic dishes  can  be  used  to  generate  steam  for  laundry  application . Before  

implementation of  the solar system the steam  is generated using HSD for its end use and consumption. The system can be 

integrated with its existing process.  
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Fig. Working of parabolic dish solar collector for steam generation 

2. REVIEW OF OPTIMIZING TILT ANGLE  

 
   Solar energy is a very large, inexhaustible source of energy. Quantitative assessment of solar radiation incident on a tilt plane is 

very important to engineers designing solar energy collecting devices, to architects designing buildings, and to agronomists 

studying insolation on vegetation on mountain slopes. To meet all these requirements, one should know the intensity of radiation 

falling upon the sloping surface and its variation over a period of one year  

(M. Jamil, et al,2009) found  that monthly based optimum tilt is different for different stations . Season based optimum tilt is also 

different for different stations . Annual based optimum tilt is approximately equal to latitude of the location. All the eight diffuse 

radiation models yield the same optimum tilt .They  also  found  that the average optimum tilt angle at New Delhi for the winter 

months is 47.5
o
 (latitude + 19°) and for the summer months 13

o
 (latitude -16°). This, in general, is in agreement with the results of 

many other researchers. 

 

(Abhishek, et al , 2012) found in comparative approach for the optimization of tilt angle to receive maximum radiation , that , the 

solar radiation output of solar collector is investigated at various tilt between angles 0° to 90° for south facing to calculate daily 

and monthly optimum tilt angles, seasonal optimum tilt angles and yearly optimum tilt angle for different locations in India. The 

optimum tilt angles increases during the winter months and reaches a maximum of 62° in December . When the monthly optimum 

tilt angles were used, the yearly collected solar radiation was 2.500775× W/m
2
day .They  also  stated  that , The proper tilt and 

azimuth angle choice is by far more important for photovoltaic systems design than solar thermal system design. 

 

(Danny, et al, 2007) studied determining the Optimum Tilt Angle and Orientation for Solar Energy Collection Based on Measured 

Solar Radiance Data, carried out an approach of employing sky radiance model for determining an optimum tilt angle and 

orientation for maximizing annual solar yield was conducted. The  whole year (2004) 10 minute horizontal radiation and sky 

radiance data recorded in Hong Kong were used for the analysis. The incident solar radiation data on various inclined surfaces 

facing different orientations were calculated. The optimum tilt angle was found to be around 20◦ due south, which would receive 

the annual solar yield over 1598kWh/m2. The findings support that a solar collector with the tilt angle approximately equal to 

latitude of the place could receive maximum annual solar radiation. 

 

(Feng, et  al, 2015)  investigated , in  their  work , Optimizing the Tilt Angle of Solar Collector under Clear Sky by Particle Swarm 

Optimization Method, carried  out  the particle swarm optimization method to search the optimal tilt angles for solar collectors in 

Taiwan. Herein, solar radiation considered is calculated by using empirical model suitable for clear sky situation. The results 

would be useful for practical applications. The optimal tilt angles are positive (i.e. facing toward south) for most of the months of 

year whereas negative (facing north) for summer months from May to July. The annual optimal tilt angles for locations Taipei, 

Taichung, ,Tainan, Kaohsiung, Hualien and Taitung are 22.4
0
, 21.5

0
, 20.5

0
, 20.2

0
, 21.3

0
 and 20.5

0
, respectively. 
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Fig.2 Geometry of solar collector  

(Vineet, et al, 2012) , found that , the seasonal optimum tilt angles for Chennai is minimum as compared to other locations 
in winter, spring and autumn but in summer Nagpur goes to minimum seasonal optimum tilt angle. The optimum tilt angle 
in June goes to a minimum zero degree as indicated by all the models. They mentioned, solar module oriented towards the 
South gives the greatest values of electrical energy for all the chosen angles and for the angle of 30° generates the greatest 
registered value for electrical energy. This is an optimal tilt angle in the summer. When the sun’s rays fall normally on the 
module’s surface, the incident sunlight power is maximum. 
 

 
Fig.3.Daily Solar radiation data for Chennai 

(Pavlovic, et al,2010) Determined optimum tilt angles and orientations of photovoltaic panels in NIS , SERBIA and found  that, 

Solar module oriented towards the South gives the greatest values of electrical energy for all the chosen angles.  Solar module 

oriented towards the South for the angle of 30° generates the greatest registered value for electrical energy. This is an optimal tilt 

angle in the summer. Generated electrical energy for solar module oriented towards the South 30° and East (West) for the angle 0° 

differ by 0,54%. An increase in solar radiation of 28.76% results in the increase in power of  24.78%. (Navaneet, et al, 2014)  

found that Liu and Jordan model gives results which are quite close to the results of the data measured at the solar panel installed 

at IIT Rajasthan. This model was used for determination of monthly average and seasonal average of optimal tilt angle. It has been 

concluded that the average optimum tilt angle at Jodhpur for winter months is 47.6
0
 and for summer mPonths 12

0
. It is hence 

suggested that seasonally adjusted tilt angle should be preferred. However, yearly average fixed tilt can be used in many general 

applications (e.g. domestic water heating) in order to keep the manufacturing and installation costs of collectors low. The loss in 

collected radiation for the yearly average fixed angle is around 12.7% as compared with the optimum tilt at Jodhpur. 

3. CONCLUSION 

1) The best way to collect maximum daily energy is to use tracking systems. A tracker is a mechanical device that follows the 

direction of the sun on its daily sweep across the sky Thermal analysis is a good technique to control carbides, shrinkage and 

micro-shrinkage formation. 

2) In the northern hemisphere, the optimum orientation is south facing and the optimum tilt angle depends only on the latitude. 

3) There is a wide range of optimum tilt angle as recommended by different authors, and they are mostly for specific locations.  

4) A simple mathematical procedure for the estimation of the optimal tilt angle of a collector is presented based on the monthly 

horizontal radiation. 

5) Taguchi Method involves identification of proper control factors to obtain the optimum results of the process. 

http://www.ijritcc.org/


International Conference on Ideas, Impact and Innovation in Mechanical Engineering (ICIIIME 2017)                          ISSN: 2321-8169 

Volume: 5 Issue: 6                                                     596 – 599 

_______________________________________________________________________________________________ 

599 
IJRITCC | June 2017, Available @ http://www.ijritcc.org (Special Issue) 
_______________________________________________________________________________________ 

ACKNOWLEDGEMENT 

I am highly gratefully thanks to Hon. Prof. Dr. Uttarwar S. S. for their guidance, support and Motivation behind this work. His 

encouragement and useful suggestion, which helped me I would also like to mention Prof. Kathwate S. D. for their 

encouragement and cooperation in carrying out project work.   

 

REFERENCES 

[1] Danny H.W.Li and Tony N.T.Lam ,(2007),Determining the Optimum Tilt Angle and Orientation for Solar Energy Collection 
Based on Measured Solar Radiance Data, Hindawi Publishing Corporation , International Journal of PhotoenergyVolume 
2007, Article ID 85402, 9 pages doi:10.1155/2007/85402. 

[2] M. Chisamera, S. Stan, I. Riposan, E. Stefan, G. Costache, (2007), Thermal analysis of Inoculated Grey Cast Irons, 
UGALMAT,Galati,TechnologiisiMaterialeAvansate,University press,Vol.1, pp.17-23. 

[3] Seidu, S.O (2008). Influence of Inoculant’s type on thermal analysis parameters of ductile irons
 
internaltion conference, 

Galati, Romania, pp. 237-241. 

[4] M. Jamil Ahmad* and G.N. Tiwari ,(2009) , Optimization of Tilt Angle for Solar Collector to Receive Maximum 
Radiation,The Open Renewable Energy Journal, 2, 19-24  

[5] T. Pavlović, Z. Pavlović, L.Pantić, Lj. Kostić,(2010)  determining optimum tilt angles and orientations  of photovoltaic panels 
in niš, serbia, Contemporary Materials I−2  , UDK 694:547.281:66.094. 

[6] Ying-Pin Chang , Der-An Wang , (2010) , Optimization of Tilt Angle for Photovoltaic Modules Based on the Neural-Genetic 
Algorithm , Journal of Nan Kai, Vol. 7, No. 1, pp.57-70 . 

[7] Abhishek Agarwal ,Vineet Kumar Vashishtha, Dr. S.N. Mishra , (July – 2012 ),Comparative approach for the optimization of 

tilt angle to receive maximum radiation, International Journal of Engineering Research & Technology (IJERT) , ISSN: 2278-

0181 , Vol. 1 Issue 5 

[8] Abhishek Agarwal, Vineet Kumar Vashishtha, S.N. Mishra, (2012), Solar Tilt Measurement of Array for 
BuildingApplicatioandErrorAnalysis,internationalj ournal of renewable energy research, vol.2, no.4 . 

[9] SrinivasAthreya,Dr Y.D.Venkatesh , (2012), Application of Taguchi Method For Optimization of Process Parameters In 
Improving The Surface Roughness Of Lathe Facing Operation, International Refereed Journal of Engineering and Science 
(IRJES)  ISSN (Online) 2319-183X, (Print) 2319-1821 Volume 1, Issue 3 . 

[10] AmitaChandrakar,  Yogesh Tiwari,(2013), Optimization of Solar Power by varying Tilt Angle/Slope, International  Journal  
of Emerging Technology and Advanced Engineering, ISSN 2250-2459, ISO 9001:2008 Certified Journal, Volume 3, Issue 4.  

[11] NavaneetMaru,JayashriVajpai,(2014),Modelbased Optimization of Tilt angle for Solar PV Panels in Jodhpur, International 
Journal of Computer Applications (0975 – 8887) National Conference on Intelligent Systems , (NCIS 2014) , 32 . 

[12] Feng-Jiao Liu  and Tian-Pau Chang, (2015), Optimizing the Tilt Angle of Solar Collector under Clear Sky by Particle ,Swarm 
Optimization Method , Journal of Applied Science and Engineering, Vol. 18, No. 2, pp. 167172 , DOI: 
10.6180/jase.2015.18.2.09 . 

[13] HaixiangZang , MianGuo, Zhinong Wei and Guoqiang Sun,(2016), Determination of the Optimal Tilt Angle of Solar  
Collectors for Different Climates of China , College of Energy and Electrical Engineering, Hohai University,Nanjing  
211100, China, 18 May 2016; Accepted: 5 July 2016; Published: 11 July 2016. 

 

http://www.ijritcc.org/

