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MODELLING OF THE AMOUNT OF SOLAR ENERGY FALLING ON THE PANEL OF
SOLAR CAR ALONG THE ROAD

Corresponding Member of NAS of Azerbaijan R.G.Gardashov, Academician of ANAS
R.M.Mammadov

The model developed for calculation of the amount of the solar energy falling on the panel of
solar car is presented. The input parameters of the model are characteristics which: 1) define the
Sun position in the sky (instant of time and geographical coordinates: latitude, longitude and height
from the sea level to the point at road): 2) determine the road tilt; 3) define the optical state of the
atmosphere. Main output of the model is the amount of solar energy falling on the solar car for any
instant of time and position of the car. The program packet which realizes this model will be the
basis part of the navigation system of solar cars and will provide their optimal managing.

Keywords: solar energy, solar car, solar panel, solar zenith and azimuth, relief, meteorological

conditions, road tilt

Introduction

At present the use of solar energy in-
creases rapidly year after year and according to
the prognosis of the International Energy
Agency (IEA) in 2050 the solar energy will oc-
cupy the first place in production of electric
power. There is no doubt that in the near future
the era of vehicles working with petroleum
products will come to an end and the transition
to the electric vehicles moving by the solar en-
ergy (solar cars) will gradually begin. Such op-
timistic forecast is based on the background
that the photoelectric cells of the new genera-
tion with high efficiency become a reality.

Now at the different leading research cen-
ters and universities of the world the intensive
investigations in the direction of creation of so-
lar cars working with solar energy and having
suitable characteristic for mass production are
carried out. Within the last years the permanent
competitions of solar cars have been holding and
the average speed about 90 km/h has already
been reached. Mass production of solar cars will
be realized if their technical characteristics
(overall dimensions, mass, speed, body capaci-
ty, etc.) are close to conventional cars. The ob-
tained results and intensity of investigations in
this field give us the confidence in reaching the
necessary characteristics soon. The weak side
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of solar cars is that they can normally move on-
ly in availability of a sufficient amount of solar
energy.

But this imperfection can be removed by
using accumulator, which supplies the car’s
electromotor and is charged either by solar ra-
diation energy, produced by panel (when it is in
abundance), or at the “solar electric station”
(which will replace the oil filling station).

Thus, existence of enough amount of so-
lar radiation is necessary for efficient working
of solar cars. It is known that the amount of so-
lar radiation is maximal when sunbeams fall
perpendicularly on the panel of the car. If solar
panel has no flexibility then satisfy this condi-
tion continuously along the road is impossible
because it needs the variation of orientation of
the panel. Construction of a flexible solar panel
following the Sun, similar to sunflower, seems
unreasonable because the shape of the car must
have the aerodynamic feature.

The amount of solar radiation falling on
the panel of the car, at the given point and fixed
instant of time, depends on several factors.
Some of those factors have a deterministic cha-
racter but others — random. The deterministic
factors are the followings:

1. The zenith and azimuth of the Sun. At
the given point of observation and fixed mo-
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ment of time those angles determine the posi-
tion of the Sun in sky and are calculated by us-
ing formulas of astronomy.

2. The relief of territory surrounding the
given point. During some period of time the
Sun may be shaded by relief (hills, mountains,
etc.) and the amount of radiation falling on the
panel will be essentially small.

3. The tilt of the road at the given point.
The angle between the sunbeam and the normal
to panel, thereby the amount of radiation, de-
pends on tilt.

The random factors acting to the amount
of radiation are the followings: clouds, aerosol,
dust, mist, smoke, rain, snow etc.

The objective of this work is to develop
the mathematical model for calculation of
quantity of solar radiation falling on the panel
of car in any point of road and in any moment
of time. The algorithm based on this model and
the FORTRAN program package for calcula-
tion was also realized.

The input parameters of the program are:

1. The time t, which is given on Green-
wich; 2) the geographical coordinates (latitude

8 , longitude ¢) and height k from the sea level
to considered point M on the road; 3) the zenith
and azimuth angles of the normal to the road
surface at the point M, which determine the
road tilt; 4) the shadow function f(y), deter-
mining the shading of sky and Sun; 5) optical
thickness of atmosphere; 6) cloud amount .
Meteorological parameters (optical thick-
ness of the atmosphere and cloud amount)
which have a random character are entered to
the program for two cases: first — according to
weather forecast and second — as a scenario.
Outputs of the program are: the amount
of the solar energy falling on the solar car in the
any point of the road and for each moment of
the time. For the first case this means that the
forecast of the solar energy amount is given. It
is clear that the accuracy of this forecast de-
pends on precision of the weather prognosis.
Essence of mathematical model
In the case of clear atmosphere the
amount of direct solar radiation reaching the car
panel is defined by the formula (Fig. 1)
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Fig 1. On formulation of the problem
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5, = Spcos y,exp (—

where, S, = 1367 W/m? —solar constant (i.e. the
amount of incoming solar electromagnetic radi-
ation per unit area that would be incident on a
plane perpendicular to the rays, at upper
boundary of atmosphere);

T — optical thickness of atmosphere (for
clear atmosphere T = 0.3);

i — zenith angle of the Sun;

X» — angle between the sunbeam and
normal to the panel.

The angle x,, is defined through the zen-
ith i,, azimuth ¢, of the Sun and zenith &,, ,
azimuth ¢,, of normal to panel (or to road tilt),
by the equation of spherical trigonometry

cosy, =cosi,cos0, +

+ sini, sin@, cos(¢p, — ¢,) ()

4+ Zenith

North

The zenith i_and azimuth ¢, of the Sun
depend on point M on the road and instant of
time t and are defined by the formulas of as-
tronomy. To define those angles, methods hav-
ing different degree of accuracy have been de-
veloped. We calculate those angles on the met-
hod which is based on solution of Kepler equa-
tion and have more accuracy (Emegen G. and
others, 2006, Gardashov and Eminov, 2013).

To calculate the diffuse sky radiation
falling on the panel, the method taking into ac-
count of optical parameters affecting the
brightness of the sky and the shadow effect of
the relief has been developed.

The shadow effect, caused by moun-
tains or other obstacles, which substantially
reduce falling solar radiation will be taken
into account by using ‘“shadow function”.
This function is included in the general for-
mula and is determined by measuring with
the theodolite (Fig. 2).

Fig 2. Determination of the “shadow function” y = y(¢) ,
(¢, <@ <¢,) inthe pointM
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Scheme of application of the model

An application of the developed mathe-
matical model may be realized for any high-
way. The necessary information about the road
parameters must be captured from the in situ
measurements.

The following studies should be carried out:

1. Along the road with the interval of 5-
500 m the points of measurement are selected
and in those points the angles defining the road
tilt are measured. The distance between points
is chosen according to the degree of tilt and
turning left and right. In places where they are
changed rapidly the points must be taken close-
ly, and vice-versa.

2. In the point of the road, where relief
forms the shadow, the shadow function is
measured by theodolite.

The results of measurements in the se-
lected points will be noted in the tables shown
below as an example (the number of points de-
pends on the length of the road, tilt fluctuations,
sharpness of turning).

The model should be verified by measur-
ing with the pyrometer the amount of solar ra-
diation falling into the road flat (in other words
on the solar panel) and by recording the road
characteristics (Table 1) and meteorological
parameters (Table 2) simultaneously.

Table 1
Road characteristics
Point | Latitude Longitude Height Distance Azimuth  of | Zenith
Ne above sea | from the | the road tilt, | of the road
level previous b, tilt,
(m) point (m) a,
1 40°41'34" 48°27'16" 452 96°41' 14%3'
2 40°41'34" 48°27'16" 489 120 125%3 1632'
Table 2
Sun position and atmosphere conditions
. Time Sun Sun T .
Point Day.Month. azimuth zenith Cloud Other meteo Identification of the point
Ne Year & i amount parameters in photo
Hour: minute s F
1. 12.10.2014 165°37" 45928 0 =
12:34
2. 12.10.2014 175%5' 46034’
13:54
MORUZOLOR —<«»— REPORTS —<«»— [OOKIAObI



70 THE REPORTS OF NATIONAL ACADEMY OF SCIENCES OF AZERBAIJAN, 2015, VOLUME LXXI, Nel

Conclusion

It appears that, now the world is at the be-
ginning stage of transition from cars with inter-
nal-combustion engine to electromobiles wor-
king simultaneously by the use of solar energy
and accumulators. Evidently this transition will
happen quickly. There are two main reasons to
maintain this. First, the pollution of environ-
ment by exhaust gases from conventional cars
becomes tragically dangerous for human life.
Second, photoelectric cells with high efficiency
have been discovered and their wide use is
available. The main feature of solar cars which
distinguish them from conventional cars is the
reality that the origin of energy takes place out-
side of cars. If solar cars receive enough solar
energy they will be able to continue motion
regularly. This fact requires the optimum usage
of the solar energy. Because, the amount of so-
lar energy received by the panel depends on
outside factors, the optimal managing of solar
cars looks to be a main problem. To solve this
problem we must be able to calculate the amount
of received solar energy in any point of road and
at any moment of time. Model explained here
solves this problem. Among the input parame-
ters of this model there are the tilt and shadow
characteristics in the points of road. For the
roads those characteristics must be measured
and table 1 filled. Thus, for each road the de-

termination of those characteristics must be car-
ried out and a data base created. The infor-
mation from this database will give reality to
the model described here. The program pack-
age which realizes this model will be an im-
portant part of navigation system of solar cars
and will implement the optimal management
(choosing the time of start of motion, speed
which must be keeping along the road, instant
of time of arriving to the mountain pass, where
huge amount of solar radiation or fully
charged accumulators are needed, choosing
the time of start using of accumulator and its
charging, and etc.) of solar cars.
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YOL BOYUNCA GUNOS ELEKTROMOBILININ UZORINO DUSON GUNOS RADIASIYASI
MIiQDARININ MODELLOSDIRILMOSI

R.H.Qardasov, R.M.Mammadov

Bu igdo giinas elektromobilinin panelina diigon giinas enerjisinin miqdarini hesablayan model taqdim olunur.
Modelin giris parametrlori: 1) Giinagin gdy iiziinds yerini toyin edan, zaman an1 ve ndqtanin (elektromobilin) cografi
koordinatlar1 (en dairasi, uz. dairasi, doniz saviyyssindon yiiksakliyi); 2) yolun meyilliyini vo néqtenin kdlgalonmasini
ifado edan komiyyatlor; 3) atmosferin optik voziyystini gostoron xarakteristikalardir. Modelin osas ¢ixis1, zamanin har
bir aninda va yolun hor bir ndqtesinds elektromobilin panelino diison giinas enerjisinin miqdaridir. Bu modeli
reallagdiran program paketi elektromobillorin navigasiya sisteminin oasasim togkil edacok vo onun optimal idarasini
hoyata kegiracokdir.

Acar sozlov: giinas enerjisi, giinas elektromobili, giinag paneli, giinagin zenit vo azimutu, relyef, meteoroloji
sorait, yolun mailliyi
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MOJIEJIMPOBAHUE KOJIUYECTBA COJTHEYHOM SHEPI' MU, ITAJIAIOIIEN HA IIAHEJIb
COJIHEYHOI'O 3JIEKTPOMOBUWJIA BAOJIb JOPOI'

P.I'.I'apaamos, P.M.Mamenos

B pabore npeiaraetcst MOAENb JUIsl pacuéTra KOJMYECTBA COJIHEUHOH pajuanuy, Majaroieil Ha aHellb COHeY-
HOT'0 SJIEKTPOMOOHJIA. BXOAHBIMU MTapamMeTpaMy MOAENH SBIAIOTCA: 1) MOMEHT BpeMeHHU | reorpaduyeckiue KoopauHa-
THI (IIMPOTA, TOJITOTA, BEICOTA HAJl YPOBHEM MOps) TOYKH ( JIEKTPOMOOHIIS), IO KOTOPHIM ONPEIEISeTCs MOJI0KeHUE
Counana B HeOe; 2) BeNWYHHBI, OMpPEICIAIONNe HAKJIOH JOPOTH U 3aTCHEHHS dIIEKTPOMOOMIS; 3) ONTHYECKHE XapaKTe-
puctuky atMocdepbl. OCHOBHBIM BBIXOAHBIM IApaMETPOM SBIIIETCS KOJIWYECTBO CONHEYHOH SHEprHu, NaJaloleil Ha
HaHeJb JUIS JIF000T0 38JaHHOTO MOMEHTA BPEMEHH U TOUKU HaxoXkAeHus. [1akeT mporpamm, pealu3yonyii 5Ty MOJIelb,
6y[[eT OCHOBHOH 4acCThIO HaBHFaHHOHHOﬁ CUCTCMBI BHeKTpOMOGI/IHH, BBITIOJIHAA €TI0 ONITUMAJIBHOC YIIPAaBJICHUC.

Kniouesvle cnoga: conneunas snepaus, CONHeUHbI S1EKMPOMOOUNL, CONHEUHAs nanenb, asumym u 3enum CoaH-
ya, pervedh, memeoponozuieckue yCio8us, YKioH 0opozu
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