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Framework on Solar Angles to Track Sun Position Using Matlab

Deepak Ghode! Pallavi? Ayesha Fathima® Divyarani*
1234Department of Electrical and Electronics
1234Guru Nanak Dev Engineering College, Bidar, Karnataka, India

Abstract— This paper revolves around the MATLAB project
from which we can calculate the solar angles i.e. solar
azimuth angles, solar altitude angles, solar incidence angles
of any specific time, date and month in a year. It will also help
us to know the position of the sun with maximum radiation
from which we know the optimum position of the solar panels
for the generation of maximum solar power at any time for
any specific locations. We can also compare the solar angles
seasonally for any locations.
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. INTRODUCTION

Solar energy is an essential source of renewable energy, and
its technologies are broadly characterized as either passive
solar or active solar depending on how they capture and
distribute solar energy or convert it into solar power. In
remote areas the sun is a cheap source of electricity because
instead of hydraulic generators it uses solar cells to produce
electricity. While the output of solar cells depends on the
intensity of sunlight and the angle of incidence it means to get
maximum efficiency; the solar panels must remain in front of
sun during the whole day.

This module includes the simulation for the sun
position in sky and the solar angles ray upon the plane of solar
module irrespective of the tilt. In this module we have
considered the latitude of Bidar, Karnataka i.e., 17.20000
degrees North and study the nature of the sun position
throughout the year.

It will help us to track the position of sun on every
day, seasonally and monthly basis. Based on monthly and
seasonal calculation of different solar panels that are useful
to understand solar power generation in that area and exact
position of the sun in the sky and also helps to increase
efficiency. The amount of the solar radiation incident on a
surface is inversely proportional to the value of incidence
angle which is defined as the angle between the solar rays and
the normal line on the surface. The incidence angle can be
calculated by a long equation which depends on several
angles. This method also allows us to protect our appliance
from excessive solar radiation and can be use in solar
protection system in many equatorial countries. At last, these
calculations will give us wide range of useful application of
these angles but we basically focus on solar power
generation.

The photovoltaic module in the market is usually not
equipped with solar-tracker to have better performance. Users
who buy this module will assign other party to install them at
home/industry. Most of the simple installation is by finding
the best location and orientation with open and clear sky
during the day. And then, the system is installed with a fixed
tilt and orientation. However, many systems have been
developed to be able for tracking the sun. The common
method and more popular for example is by using sensors as
a feedback to adjust the orientation of the panel to track the

sun, but the problem with this system is when the sky is
cloudy or the sun is obscured.

Il. SOLAR ANGLES

A. Solar Azimuth Angle

Solar Azimuth angle is an angle between Sun beam’s and the
north axis or south direction. This angle helps in locating the
sun’s relative position along the local horizon. Azimuth angle
is compass direction of sun. In north hemisphere we take it
reference from south direction and in south hemisphere we
take it reference axis as north axis.
Mathematical expression for azimuth angle is given below;
i sin 6, — sin @
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Where;
@s: azimuth angle
0s: elevation angle
¢: local altitude.
0: solar incidence angle

Fig. 2.1 Depié:ting Solar Azimuth Angle of Sun with
Compass Axes

B. Solar Altitude Angle

Solar altitude angle is the angle between sun in the sky and

horizon of the earth. It increases with day time as its minimum

in morning then attending its highest value in noon, after that

it decrease till evening to minimum value. It attains a

maximum value in equatorial regions. It changes its value

every hour, every day, every month.

Mathematical expression for altitude angle is given below;
sina = cos@cosf cosh + sin@sind 2

Where;

a: altitude angle

h: hour angle

d: declination angle

¢: local altitude.

Fig. 2.2: Depicting Solar Altitude Angle of Sun with
Horizon
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C. Solar Incidence Angle

Solar incidence angle is defined as angle between sun’s beam

and a line perpendicular to surface. It is at maximum the
morning time and evening time and it is at minimum value in

afternoon. It also changes with times, month, season and your
position on earth.

Mathematical expression for incidence angle is given below;
cos B = sin(8 + B) sind + cos(@ + B) cos b cosh 3

Where;

¢: local altitude.

0: solar incidence angle.

d: declination angle

B: tilt angle (here 45 degree)

ormal [0 surface
~

| Sun |

Fig. 2.3: Depicting Solar Incidence Angle of Sun with
Normal to the Surface

D. Declination Angle

The declination angle, denoted by 8, varies seasonally due to
the tilt of the earth on its axis of rotation and the rotation of
the Earth around the sun. The declination of the sun is
the angle between the equator and a line drawn from the
center of the earth to the center of the sun.

Mathematical expression for declination angle is given
below;

360
5= —23.45°cos< «(d + 10)) 4)

365
Where;
d is the number of days since the start of the year
Y S =
\f_, e Uy R ——

Fig. 2.4: Declination angle

E. Hour Angle

Hour angle (h) is the angle through which the Earth has
rotated since solar noon. Since the Earth rotates at 360°/24
hour = 15° h. The hour angle is positive in the evening and
negative in the morning.
Mathematical expression for hour angle is given below;

h = (local time — 12)15° (5

F. Surface-sun angles

These angles calculated based on a specified mounting and
orientation of the solar collector

Tilt angle, B: It is the angle between the plane
surface and the horizontal (with 0< <90 for a surface facing
towards the equator; 90 < B < -90 for a surface facing away
from the equator).

Surface azimuth angle, Zs : It is the angle between
the normal to the surface and the local longitude meridian.

Fig. 2.5: Zenith angle, angle of incidence, Tilt angle, solar
azimuth angle and Surface azimuth angle for a tilted surface

I1l. METHODOLOGY

Solar power plants need very large area so to minimize the
occupied area the spaces between arrays of collectors should
be kept as small as possible. Therefore we must have some
ideas about the sun path along the years that’s how we can
stay away from the shade and another thing is enhancing the
capturing of solar radiation by sun tracking system which
depends basically on sun position prediction. Usually solar
energy applications i.e., panels, collectors are not installed
horizontally but at an angle to increase the amount of
radiation interrupted and reduce the reflection.

For most of the solar applications one must need
reasonable accurate prediction of where the sun will be in the
sky at given time of day and year. Therefore the sun position
with respect to the observer on earth can be fully describe by
means of two angles i.e. Solar azimuth angle and Solar
altitude angle. So to find out these angles we need to follow
certain steps as given below
— Take date and month as input and time to be taken as

vector containing value from 6 to 18.

— By using the above formula calculate the declination and
hour angle.

— According to our required direction fix the panel tilt and
surface azimuth angle.

— By using above values calculate the altitude angle,
inclination and even solar azimuth angles.

— By calculating all these angles we can predict the sun
position in the sky for any intervals and at any specific
location.

— By analyzing the behavior of all the angles with day time
it will assists us to get the solar angles for any time of the
day and we can compare these angles seasonally and
predict the optimum position of panels for generating
more solar power generation.
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IV. RESULTS
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Fig. 3.1: Here we have three inputs and they are
J2000,B1950 and apparent coordinates. Enter all three
options one by one so we get sun’s position from earth and
even other planets at different time, year,month and even
different day.

Fig. 3.2: Here we have entered option (j) i.e J2000 which a
means equatorial coordinates where J stands for julian. Enter
year, month, date, time in 24h format and according to the
date and time it adapts the atmospheric condition and
determines the latitude, longitude and distance of sun from
earth and other planetsin geocentric and heliocentric
coordinates. The distance between sun and earth and even
other planets varry for different time, date, month, and year.

: |
Fig. 3.3: Now enter option (b) i.e B1950 which is also a
equatorial coordinates referred to any particular period.

Enter year, month, date, time in 24h format and according to
the date and time it adapts the atmospheric condition and
determines the latitude, longitude and distance of sun from
earth and other planets in geocentric and heliocentric
coordinates. Here the distance between sun and earth differs
from J2000 equatorial coordinates.
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Fig. 3.4: Now enter option (2) i.e apparent coordinates
which gives direction of the object such as it would be seen
by an observer at any time. Enter year, month, date, time in
24h format and according to the date and time it adapts the

atmospheric condition and determines the latitude, longitude
and distance of sun from earth and other planets in
geocentric and heliocentric coordinates. Here the distance
between sun and earth differs from J2000 and B1950
equatorial coordinates.

In astronomy an equinox is either of two places on
the celestial sphere at which the ecliptic intersects the
celestial equator. The standard equinox and epoch isJ2000.0,
which is January 1,2000 at 12:00 TT where ‘J” indicates that
it is a Julian epoch. The previous standard equinox and epoch
was B1950. 0, where ‘B’ indicating a Besselian epoch. The
apparent coordinates are carried over to the equinox at the
true equator of the date or the true equinox and the mean
ecliptic of the date. 1,b,r represents the longitude, latitude and
distance (heliocentric ecliptic). RA (right ascension)
measures east and west on the celestial sphere. Dec
(declination) measures north and south on the celestial
sphere, are the geocentric equatorial (astrometric) and delta is
the geocentric distance.

V. CONCLUSION

As a result, in this study, a model dealing with solar angles
was developed in the MATLAB/Simulink platform. The
priceless feature of solar energy applications, it consumes
free fuel which is the solar radiation. Unfortunately, the sun
is moving continuously. So, Sun Tracking systems are used
to keep the sun rays perpendicular on the solar collector as
possible. Trackers add cost and maintenance to the system
depend on if they are simple, complicated and so on.
Choosing the right tracker is made after studying the sun
position and how much gain will be earned by installing the
tracker. It is aimed to determine the nature of solar angles at
any day at different points of time. Talking about all the
angles separately we can see that altitude angle will get
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itsmaximum value at noon and in summer season and it’s
atminimum value in evening and morning time in winter
season. Incase of incidence angle its value decrease with
increase in time tillnoon after that it will increase till evening
it’s maximum in summerseason and minimum in winter
season.at last for solar azimuthangle its maximum in evening
and morning time in day and itsminimum value in afternoon
time .In winter season its value is lessthen summer time
azimuth angle, from all this calculation we cansee that
afternoon is best time for solar energy generation but
withproper alignment of solar panel we can increase
efficiency of oursolar panels. We also notice that in summer
time solar energy isgreater than the winter and that’s why
summer is better season forsolar generation. By these solar
alignment of solar panels and we can increase the efficiency
of solar power generation.
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