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INTRODUCTION 
World energy demand is projected to increase by 
up to 71% between 2003 and 2030 [1]. At present, 
most of the used energy is generated from the fossil 
fuels, and despite notable advances in renewable 
energy technology, it is questionable whether such 
a demand trajectory can be met in an 
environmentally sustainable manner [2]. It has been 
proposed, then, that the one way to reduce burden 
on fossil fuels is utilize the solar energy through 
photovoltaic route.  
The power produced by the solar photovoltaic 
module is maximum when module surface is 
perpendicular to the incident radiation this means 
the power generated by the PV module not only 
depends on the intensity of solar radiation but also 
on slope of the surface i.e. the angle between 
module and the sun[3-14]. 
Therefore, set of empirical relation is required for 
evaluating the amount of solar radiation incident on 
a tilted surface if the solar radiation on horizontal 
surface is available. In this paper, a model based on 
the empirical relations is used for calculating the 
availability of solar radiation on tilted surface for 
power generation. A set of readings of the radiation 
available on horizontal surface is used for the 
further analysis.  

 
MATHEMATICAL MODEL 
Solar flux striking a collector will be a combination 
of direct beam radiation, scattered or diffused 
radiation and reflected radiation. Since 
measurements of solar radiation are often not 
available, attempts have been made by many 

investigators to establish relationships linking the 
values of radiation (global or diffuse) with 
meteorological parameters like number of sunshine  
 
 
 
 
 
 
 
 
 
 
 
hours, cloud cover and precipitation. These 
equations for solar radiation at a site can be 
estimated if the latitude, longitude and altitude of 
location is known. The main aim of this article is to 
estimate the radiation available on the tilted PV 
system for power generation. The amount of 
radiation falling on the tilted surface can be 
estimated by the following equation [3]: 
It  / Ig = {1-(Id / Ig )}* rb  +( Id / Ig)  * rd +ρ’rr    (1) 

Where,  It  is total radiation on the tilted surface, ρ’ 
is reflectivity of ground surface and Ig, Ib,  Id  are 
hourly global radiation, hourly beam radiation and 
hourly diffuse radiation respectively.  
The radiation shape factor for a tilted surface with 
respect to sky rd and radiation shape factor for the 
surface with respect to surrounding ground  rr can 
be expressed as follows[3]:  

 rd = ( 1 + cos β ) / 2 (2) 
 

 rr = ( 1 – cos β )/2 (3) 
where,  β is tilt angle, rb is the ratio of beam 
radiation flux falling on tilted surface to that falling 
on horizontal surface, also known tilt factor and it 
can be expressed by: 

rb  = cos θ/ cos θz  (4)         
  
where, θ and θz are incident and zenith angles, as 
represented in Figure 1, of the sun ray with 
surfaces. These angles can be calculated by using 
the following relations:  
cos θ = sin ∅ sin δ cos β + cos δ cos γ cos ω sin ∅ 
sin β + cos ∅  cos δ cos ω cos β – cos ∅ cos γ sin δ 
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sin β+  cos δ sin γ sin ω sin β               
 (5) 
for surface facing south γ = 0˚ 
cos θ =  sin δ sin (∅  - β) ) + ( cos δ  cos 
β)                  (6)
 for horizontal surface 
cos θz  = sin ∅  sin δ + cos ∅  cos δ  cos 
(7) 
where, ∅, δ, γ and ω are latitude, declination, 
surface  
 
 
azimuth and hour angles. 
γ  = Azimuth or the orientation angle of the surface 
(i.e. the angle between the projection of the normal 
to the surface on the horizontal plane and the local 
medium; surface facing south γ = 0˚, east +, west 
). 
The hour angle (i.e., each hour equal to 15
latitude; solar noon is zero, morning +, afternoon 
and can be calculated as: 
ω = ( t -12)*15     
where t = solar time   
The declination angle can be estimated as follows:
δ  = 23.45 sin [ (360/365)*(284+N) ]   
where, N are No. of days   
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cos ω  cos (∅  - 
(6) 

cos ω                                         

and ω are latitude, declination, 

= Azimuth or the orientation angle of the surface 
(i.e. the angle between the projection of the normal 

orizontal plane and the local 
˚, east +, west - 

The hour angle (i.e., each hour equal to 15˚ of 
latitude; solar noon is zero, morning +, afternoon -) 

 (8) 

The declination angle can be estimated as follows: 
  (9) 

 

Figure 1. Representation of solar angles
 
The values of declination calculated by the above 
relation are shown in the Following figure

Figure2: Declination angle vs. date
 

RESULTS AND DISCUSSION
The values of global and diffuse solar radiations 
and ambient temperature were measured 
experimentally for various days of the year. The 
measured values of these parameters are depicted 
in the Table 1.  
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 The measured values of global and diffuse 
components of radiation were used to calculate 
the radiation values for different tilt angle. The 
model is used for calculating the radiation values 
for different tilt surfaces. The variation of solar 
radiation for different tilt angle are depicted in the 
Figures 3-10. 

 

Figure3 . The amount of radiation incident  on the 
surface of the PV system with 2.2 Deg and 7.7 
Deg of tilt for the same horizontal radiation data 
on Dec 19, 2008. 

 

Figure 4. The amount of radiation incident  on the 
surface of the PV system with 2.7 Deg and 7.7 
Deg of tilt for the same horizontal radiation data on 
Dec 23, 2008. 
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 15-Dec-08 17-Dec-08 

Time Global Diffused Amb 
Temp. 

Global Diffus
ed 

Amb 
Temp. 

08:22 102 101 18.2 173 86 26.7 

10:22 388 337 24.2 443 167 27.6 

12:22 577 405 26.5 622 161 27.3 

14:22 570 321 27.7 526 180 24.8 

16:22 141 129 26.2 200 66 19.3 

  19 Dec 08   23-
Dec-
08 

 

Time Global Diffused Temp Global Diffus
ed 

Temp 

08:24 56 51 17.2 145 98 15.2 

10:24 480 137 24 498 167 18.3 

12:24 482 273 26.1 662 150 22.3 

14:24 268 256 25.8 523 157 24.3 

16:24 76 76 25.3 175 77 25.2 

  24-Dec-
08 

  27-
Dec-
08 

 

Time Global Diffused Amb 
Temp. 

Global Diffus
ed 

Amb 
Temp. 

08:26 174 62 14.1 260 44 16.6 

10:26 529 100 23.1 564 64 23 

12:26 592 156 25.7 702 63 27.5 

14:26 509 148 27.6 566 151 28.9 

16:26 193 69 27 217 51 27.4 

  29-Dec-
08 

  30-
Dec-
08 

 

Time Global Diffused Amb 
Temp. 

Global Diffus
ed 

Amb 
Temp. 

08:29 255 60 17.5 260 45 17.9 

10:29 535 72 24.9 542 67 25 

12:29 658 89 26.5 661 92 27 

14:29 537 207 28 562 236 28 

16:29 198 68 27.1 189 75 27 

  31-Dec-
08 

  01-
Jan-
09 

 

Time Global Diffused Amb 
Temp. 

Global Diffus
ed 

Amb 
Temp. 

08:29 200 60 14.3 200 75 14 

10:29 502 95 21.1 507 109 20.7 

12:29 633 123 23.4 600 133 22.8 

14:29 522 278 25.1 523 324 26.7 

16:29 189 85 24.9 158 94 24.1 
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Figure 5. The amount of radiation incident  on the 
surface of the PV system with 12.7 Deg and 17.7 
Deg of tilt for the same horizontal radiation data on 
Dec 15, 2008. 

 

Figure 6. The amount of radiation incident  on the 
surface of the PV system with 12.7 Deg and 17.7 
Deg of tilt for the same horizontal radiation data on 
Dec 17, 2008. 

 

Figure 7. The amount of radiation incident  on the 
surface of the PV system with 22.7 Deg and 27.7 
Deg of tilt for the same horizontal radiation data on 
Dec 24, 2008. 

 

Figure 8. The amount of radiation incident  on the 
surface of the PV system with 22.7 Deg and 27.7 
Deg of tilt for the same horizontal radiation data on 
Dec 27, 2008. 

 

Figure 9. The amount of radiation incident  on the 
surface of the PV system with 32.7 Deg and 37.7 
Deg of tilt for the same horizontal radiation data on 
Dec 29, 2008. 
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Figure 10. The amount of radiation incident  on the 
surface of the PV system with 32.7 Deg and 37.7 
Deg of tilt for the same horizontal radiation data on 
Dec 30, 2008. 

Table2. showing the conversion efficiency of the 
PV system with the amount of  Short circuit 
current generated with the solar radiation 
falling on the tilted PV surface 

Tilt 
Angle 

Amount 
of Total 
Radiation 
Incident 
(W/m2) 

 

Amount of 
Total 
Short 
Circuit 
Current 
Generated 
(A) 

Conversion 
Efficiency 

 

Latitude 
-20 

4806 25.25 5.25 * 10-3 

Latitude 
- 15 

4806 27.66 5.75* 10-3 

Latitude 
- 10 

5760 36.56 6.35 * 10-3 

Latitude 
- 5 

6330 41.29 6.52 * 10-3 

Latitude 8612 59.88 6.95 * 10-3 

Latitude 
+ 5 

8612 62.87 7.3 * 10-3 

Latitude 
+ 10 

7764 56.2 7.24 * 10-3 

Latitude 
+ 15 

6680 49.27 7.38 * 10-3 

Latitude 
+ 20 

8068 59.01 7.31 * 10-3 

 

The proposed model is quite successful in finding 
the incident solar radiation on tilted surface when 
horizontal data for radiation is available. Also the 
graphical representation shows the amount of 
variation in solar radiation incident on the surface 
of PV system i.e. variation in solar radiation 
intensity with the slope of the PV system with 
respect of horizontal. The mathematical model is 
useful in order to evaluate the total amount of solar 
radiation on tilted surface when the radiations on 
horizontal surfaces are known. The calculated 
results obtained here are used for finding the 
optimization of tilt angle for Photovoltaic system 
and presented.[13]and is represented in above 
Table2 hence it verify  Results are evaluated and 
verified by the comparison in the graph for 
different tilt angle on the same day and location. 
 

CONCLUSION 
Mathematical model is quite helpful to illustrate 
and estimate the general trends of the distribution 
of solar energy which varies with geographical 
location, altitude, and the time of the year and also 
by local whether condition. It can be concluded 
from the results that the PV module should be 
optimally inclined to obtain the maximum power 
output. The inclination angle may vary location to 
location and day to day.  
 
 

REFERENCES 
[1] EIA, International Energy Outlook 2006, 

Energy Information Administration (EIA), 
#:DOE/EIA-0484 (2006), Washington, DC, 
2006, pp. 1–5. 

[2] C.A. Langston, G.K.C. Ding, Sustainable 
Practices in the Built Environment, 
Butterworth Heinemann, 2001 

[3] S P Sukhatme,  J K Nayak, Solar Energy 
Principles of thermal collection and storage pp. 
71-101 & pp. 313-330 

0

200

400

600

800

1000

08:29 10:29 12:29 14:29 16:29

Radiation on Surface 32.7 Deg

Radiation on surface 37.7 Deg



International Journal of Engineering and Techniques - Volume 3 Issue 1, Jan – Feb 2017 

ISSN: 2395-1303                                       http://www.ijetjournal.org   Page 24 

 

[4] G. N. Tiwari, Solar Energy Fundamentals, 
Design, Modelling and Applications 

[5] Y. Bayazitoglu Availability of solar energy 
Mechanical Engineering  and material science 
Department Rice university houstan, texas in 
SOLAR ENERGY UTILIZATION edited by 
H. Yunco, E. Paykoc and Y. Yener. 

[6] Educational Brief – solar radiation physics to 
earth and space science concept National 
Aeronautics and Space . 

[7] Surface meteorology and solar energy, 
Atmospheric science and data centre NASA. 

[8] Jui Sheng Hsieh, Solar Energy Engineering 

[9]  Planning and Installing Photovoltaic Systems, 
Handbook Second Edition. 

[10] Anna Mani, oommen charko, Raman Research 
Institute, Bangalore India, Attenuation of solar 
radiation in the atmoshphere. 

[11] T.J Lyons, B W Forgan, Atmospheric 
attenuation of solar radiation at Adelaide, 
Quaterly         Journel of Royal Meterological 
survey Vol 101 issue 430, pages 1013-1017 

[12] Int J. Biometer 1975 Vol. 19 no.1 pp. 14-20 
Estimates of atmospheric attenuation of Solar 
       Radiation at specific wavelengths by W.L. 
Deckel & A.K. Mahapatra 

[13] M. Tech minor Thesis SEES, DAVV  Pragya 
Sharma (2007-2009) 

[14] Sharma, P., Sawhney, R. L., Significance Of 
Tracking In Photovoltaic (PV) Systems, 
        International Conference On Clean 
Energy Technologies And Energy Efficiency 
For         Sustainable Development, December 
27-29, 2010 

 
 
 
 
 
 
 


