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Abstract: . In this paper is monitored the intensity of solar
radiation by the meteorological station based on solar
radiation intensity and are calculated: intensity of diffuse
radiation, direct radiation intensity, declination angle, hour
angle, zenith angle, azimuth angle. The weather station
type: AWS / EV is a product born from the need to
frequently monitor the environment variables. Use of
appropriate mathematical algorithm that we presented in
this paper for determining sun-earth angle makes it
possible to accurately follow the sun in the sky.

The results of this monitoring solar radiation intensity,
allow interpretations that can be exploited to determine the
local potential of solar energy utilization. The efficiency of
a solar collector (of thermal or PV panel type) can be
meaningfully increased if the collector is tracked in
accordance with the sun so that the incidence angle
(angle between the sun ray and the perpendicular line on
the collector's plane) becomes null or very small.
Achieving this requirement involves modeling the Sun-
Earth angle, which must be accurate, relatively simple to
achieve.

Keywords: global, direct and diffuse radiation,
declination angle, hour angle, zenith angle, azimuth
angle.

INTRODUCTION

The sun is the Earth's energy source and is the only
energy source able to maintain life on Earth. The sun is an
inexhaustible source of energy, with an estimated duration
of solar radiation of about 4...5 billion of years. Sun is not
only the source of life on earth but also an important
source of energy.

Global radiation from the Sun arrives on a horizontal
surface at ground level in a clear day, as the sum of direct
radiation and diffuse radiation. Direct solar radiation
depends on the orientation of surface receivers.

In the proper design of buildings and/or other systems
with the energy of the sun, solar radiations models
suitable to reality are required.

Extraterrestrial solar radiation can be described, in a
deterministic way, for any space and time position on
earth, as a function of the sun-earth distance, the earth’s
inclination and the sun’s zenith angle. The ground-level solar
radiation is attenuated by atmosphere conditions, clouds
distribution, climate type etc. So, for a given constant
spatiotemporal position, the ground-level radiation is very
difficult to predict. However, some statistical approximations
for a specific period of the year can be carried out. [1]

MATERIAL AND METHOD

Global solar radiation intensity G in the horizontal
plane was monitored by the weather station type: AWS
| EV of the Faculty of ISB the U.P.B. SIAP + MICROS
Geco program version 2.3.2 which automatically
records the following parameters: atmospheric
temperature, wind direction and speed, atmospheric
humidity, solar radiation, rainfall.
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Rezumat Tn aceastd lucrare, am monitorizat intensitatea
radiafiei solare de cétre stafia meteorologicd, pe baza
intensitafii radiafiei solare am calculat: intentistatea
radiafeia difuze, intensitatea radiafiei directe, unghiul de
declinafie, unghiul orar, unghiul zenit, unghiul azimut..
Stafia meteo tip: AWS/EV monitorizeaza frecvent
variabilele de mediu. Utilizarea algoritmului matematic
adecvat pe care l-am prezentat in lucrare pentru
determinarea unghiurilor soare-pdméant, face posibild
urmdrirea cu exactitate a soarelui pe bolta cereasca.

Rezultatele acestui studiu de monitorizare a
intensitafii radiafiei solare, permit interpretdri care pot fi
valorificate Tn vederea stabilirii potentialului local de
utilizare a energiei solare. Eficienfa unui colector, poate fi
semnificativ crescutd in cazul in care colectorul este
amplasat in conformitate cu soarele astfel incat unghiul
de incidentd (unghiul dintre raza de soare si linia
perpendiculard pe planul colector) devine nul sau foarte
mic. Realizarea acestei cerinfe presupune o modelare a
unghiurilor Soare-Paméant, care trebuie s& fie corecte,
relativ simplu de realizat.

Cuvinte cheie: intensitatea radiafiei directe si intensitatea
radiafiei difuze, unghiul de declinafie. unghiul orar, unghiul
zenith, unghiul azimuth

INTRODUCERE

Soarele este sursa de energie a Pamantului si este sursa
de energie posibila de a mentine viata pe Pamant. Soarele
este 0 sursa inepuizabila de energie, cu o durata estimata a
radiatiei solare de aproximativ 4...5 miliarde de ani. Soarele
nu este doar sursa de viatd de pe paméant, este de
asemenea, 0 sursa importanta de energie.

Radiatia solara directa depinde de orientarea de
receptoare de suprafatd. Radiatia globala de la Soare
ajunge pe o suprafata orizontala, la nivelul solului intr-o zi
ca suma de radiatie directa si difuza.

n proiectarea corecta a cladirilor si / sau alte sisteme
cu energie de la soare, sunt necesare modelari ale
radiatiei solare.

Radiatia solara extraterestra poate fi descrisa, in
functie de distanta Soare-Pamant, inclinatia pamantului
si unghiul zenit. Radiatia solara la nivelul solului este
atenuata de conditiile de atmosfera, de prezenta
norilor, etc Deci, pentru o pozitie constanta acordata
spatiotemporal, radiatia la nivelul solului este foarte
dificil de prezis. Cu toate acestea, unele aproximari
statistice pentru o anumita perioada a anului poate fi
efectuata [1].

MATERIAL S| METODA

Intensitatea radiatiei solare globale G, n plan
orizontal a fost monitorizata cu Statia meteo: AWS/EV de
la Facultatea de ISB, cu programul SIAP MICROS Geco
versiunea 2.3.2 programul inregistreaza automat urmatorii
parametrii: temperatura atmosferica, directia si viteza
vantului, umiditatea atmosferica, radiatia solara, cantitatea
de precipitatii.
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RESULTS REZULTATE

Based on global radiation intensity, were calculated Pe baza intensitatii radiatiei globale Tnregistrate, am calculat
diffuse and direct components of solar radiation. componentele difuza si directa ale intensitatii radiatiei solare.

Figure 1 shows the proportion of diffuse radiation Figura 1 prezintd proportia de intensitati de radiatii
intensity and direct radiation in global radiation. difuze si intensitati de radialtii directe in radiatia globala.

It is interesting to note that the intensity of diffuse Este interesant de observat ca intensitatea radiatiei
radiation is rather high compared with direct radiation. difuze are o pondere ridicatda comparativ cu intensitatea

Based on Weather Station Record, 24 hours of 24, in radiatiei directe. Bazat pe inregistrarea statiei meteo 24 de
year 2011, was found a diffuse radiation to be equal to ore din 24 in anul 2011, am presupus intensitatea radiatiei
one fifth of the value of global radiation, and direct difuze egala cu o cincime din valoarea intensitatii radiatiei
radiation is the difference between global and diffuse globale, iar intensitatea radiatiei directe este diferenta

radiation.According to equation (1) intre globala si difuza. Conform ecuatiei (1),
Where: D - is diffuse radiation intensity; D — este intensitatea radiatiei difuza;
G - global or total radiation intensity G - intensitatea radiatiei globala sau totala
B - direct radiation intensity B — intensitatea radiatiei directa
p=2B=G-D ®
5
In figure 2 we presented the variation of global in figura 2, am prezentat variatia radiatiei globale
radiation recorded by the weather station in July 2011. inregistrata de statia meteo in luna iulie 2011. Se observa
Note that the value of global radiation was high on July 2, ca valoarea radiatiei globale a fost maxima in data de 02
2011 at 13, with a value of 960 W/m?. iulie 2011 la ora 13, avand valoarea de 960 [W/m?].
Based on measured and calculated values of global, Pe baza valorilor masurate si calculate de radiatie

diffuse, direct radiation from January 2011 — December globala, difuza, directe din ianuarie 2011-decembrie 2011
2011 it was graphically represented Figure 4. It is noted am reprezentat grafic figura 4. Se observa ca valoare
that large amounts of global radiation were recorded on mare a radiatiei globale s-a inregistrat pe 24 mai la ora 14,
May 24 at 2 o’clock p.m, with a value of 983, on June 18, avand valoarea de 983, in data de 18 iunie, ora 13 a fost
at 1 o’clock p.m was the highest value of global radiation Tnregistratd cea mai mare valoare a radiatiei globale din
from 2011, namely of 1017 [W/mz]. anul 2011 aceasta fiind de 1017 [W/mz].
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Fig. 1 - Variation of global direct and diffuse radiation for 2011 /
Variafia radiafiei globale, directe si difuze pentru anul 2011

o)
g 1200
o <
8= 1000 - 7
S I ed Fettsstatettsstil .. et
== * LK 3 * *
23 ol T 13 31733s33¥33T813130808832 3
£ é IDERS POBBER: } ¢ $3 s? ¢ ) + ? t3 ¢ iE 337 3 $
c
SR 400 $ tl44T3F33 31340237 $¢? <
B ® 200 b B 4 2 b 3 L ¢ *
E f:: T ++4403 I REPDRE R +3 $ 33 3 3
B 0 +e T T T T T
Qo
= YRy y y Yooy "2 ooy ooy "2 Ny yooAy
° PG E G O G S S S
’\\'\, ’\\{b ,\\% '\\/\ ’\\Q‘ \,»'y /\\'{'b /\\'3' /\\'{'\ /\\'\9 /\\{1"y /\\{{’b /\\,f/o /\\’1/,\ /\\,LQ‘ /\\,b'y
Day of July 2011
—e— Station 1 Solar Radiation [W/m2]

Fig. 2 - Variation of global radiation intensity recorded by the weather station in July 2011 /
Variatia intensitatii radiafiei globale inregistrate de stafia meteo in luna iulie 2011
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Fig. 3 - Mean global intensity of direct and diffuse radiation, in 2011 /
Valoarea medie a intensitatii radiafiei globale, directe gi difuze Th anul 2011

Even in clear sky conditions, the radiation that reaches
earth's surface in all directions from the diffusion
phenomena, known as diffuse radiation, is 5...15% of the
flux of solar radiation that reaches Earth's surface without
being affected by this phenomenon, called direct radiation.
Together, direct and diffuse radiation, represent the so
called total or global radiation.

In Figure 3 is shown the correlation between
components: global, direct, diffuse of radiation, the global
component of the weather station being recorded at the
Biotechnical Faculty Engineering Bucharest.

Calculation of angles

To determine the position of collector of solar radiation
from the sun so the yield be maximum, the following angles
are important :0, - zenith angle and solar azimuth angle ys
(in figure 4 are the ys solar azimuth, elevation angle of the
sun zenith angle a and hour angle w) [2]

The calculation of these angles is done using mathematical
formulas. Formula for the zenith angle is given by:

Cosé =singsind + coS¢ CoSO COSk

where @ is a constant depending on the place where weather
station is positioned to Bucharest, the latitude is 445N and longitude
26°244", & is the declination, and w is the angle zone.

Angle B of the plan: It has values between 0 < 3 <
180° Azimuth angle vy is: the angle of projection on the
horizontal plane perpendicular to the sensor surface and
the local meridian. Is 0 when the sensor plane is oriented
to the south, is negative when oriented to east and positive
when is orientated to west. Solar azimuth angle ys: is the
angle between the south and the horizontal projection of
direct radiation, as sun height angle: the angle of the
sunlight falling on the sensor and the horizontal plane.

This angle depends on the latitude of the place of
capture @, the declination angle & and w time.
Relationship calculation is:

sina g = sind [sin®+ cosd [cos®[ cosw = cos0,

Zenith angle 6; is the angle between vertical and solar
ray falling on the sensor. In other words it is the
complementary angle as.

Angle zone w: determines the position of the sun in the
sky at a certain moment. Is O when the sun passes over
the local meridian corresponding to point of the sensor
location. This angle is positive to the east and negative to
the west.

In one hour the sun crosses the sky with a 15° angle
and its position at any time (T) is determined by the
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Chiar in conditii de cer senin, radiatia care ajunge la
suprafata paméantului, in toate directile datorata
fenomenelor de difuzie, cunoscuta sub numele de radiatie
difuza, este de 5...15 % din fluxul de radiatie solara care
ajunge la suprafata pamantului, o alta radiatie fara a fi afectata
de acest fenomen, este numita radiatie directd. Tmpreuna,
radiatia directa si difuza reprezinta radiatia totala sau globala.

Tn figura 3 este prezentata corelatia intre componentele:
globale, directa, difuza ale radiatie, componenta globala a
fost inregistratda de statia meteo de la Facultatea de
Ingineria Sistemelor Biotehnice Bucuresti.

Calculul unghiurilor
Pentru a determina pozitia captatorului de radiatii solare

fata de soare astfel incat randamentul sau sa fie maxim
sunt importante urmatoarele unghiuri: azimutul solar ys (in
figura 4 sunt azimutul solar ys, unghiul de inaltare a soarelui
0s Si 8, unghiul zenith, unghiul orar w) [2].

Calculul acestor unghiuri se face folosind formule
matematice. Formula pentru unghiul zenit este:

@

unde ® este o constanta in functie de locul unde este
amplasata statia meteo latitudinea este 44°5'N si
longitudinea 2602‘44”, 6 este unghiul de declinatie, w
unghiul orar.

Unghiul de inclinare a planului $ are valori cuprinse ntre O
< < 180°. Unghiul azimutal y: este unghiul dintre proiectia pe
planul orizontal a perpendicularei pe suprafata captatorului i
meridianul local. Are valoarea 0 cand planul captatorului este
orientat spre sud, este negativ cand are orientarea spre est i
pozitiv cand are orientarea spre vest, unghiul de azimut solar
Ys: este unghiul dintre directia sud si proiectia pe planul orizontal
a radiafiei directe, unghiul de naltime a Soarelui as: este unghiul
dintre directia razei solare ce cade pe captator si planul orizontal.

Acest unghi depinde de latitudinea locului de captare
®, de declinatia & si de unghiul orar w. Relatia de calcul
este:

@

Unghiul zenital 6,: este unghiul dintre verticala si raza
solara ce cade pe captator. Altfel spus este unghiul
complementar a lui as.

Unghiul orar w: determina pozitia Soarelui pe bolta
cereasca in momentul dat. Are valoarea 0 Tn momentul in
care Soarele trece meridianul local corespunzator
punctului de amplasare al captatorului. Acest unghi este
pozitiv spre est (la rasarit) si negativ spre vest (la asfintit).

intr-o or& Soarele traverseaza bolta cereasca cu un
unghi de 15°, iar pozitia lui la orice ora (T) se determina cu
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relationship:

w=15[(12-T)

If the angle of declination, latitude and time angle are
known, can be determined the Sun position by calculating
the Sun high angle and solar azimuth angle, applying the
above calculation relations.

The angle between the direction to the Sun in the place
of capture and equatorial plane is called declination &.

Formulas for calculating the angle of declination:

INMATEH — Agricubtural Engineetin

relatia:
(©)

Daca sunt cunoscute unghiul de declinatie, latitudinea si
unghiul orar se poate determina pozitia Soarelui pe bolta
cereasca calculand unghiul de inaltime a Soarelui si unghiul de
azimut solar, aplicand relatiile de calcul prezentate mai sus.

Unghiul dintre directia spre Soare din locul de captare
si planul ecuatorial se numeste declinatia .

Relatiile de calcul a unghiului de declinatie &, sunt:

5 = 234503 n(seo 84+ ”) (4)
5 = 23455 n(360(n—80)) )
365

where n is the day of the year when the measurements were
taken: n = 30,416 (I-1) + x, In which | O (1.....12): it is the
month of the year; x — number of days in that month.

Based on the mathematical algorithm described above,
the results are presented in the graph in Figures 5-10.

According to relations (4, 5) and Figure 5 and 6 the
angle of declination is dependent on the day the
measurements of solar radiation were made. In Figure 5 are
represented the declination angle values in July 2011 and in
Figure 6 are represented the minimum and maximum declination
angle values based on statistical analysis in 2011.

From figure 7 is observed as shown in literature of
specialty [4, 5] that time angle values are positive in the
morning and negative after twelve o'clock.

According to Figure 10, azimuth angle y is 0 when the
plane collector faces south and is positive when it has west
orientation.

unde n este ziua din an Tn care au fost luate masuratorile.
n = 30,416 (I-1) + x, | O (1.....12) luna din an; x — numarul
zilei din luna.

Pe baza algoritmului matematic, descris am prezentat
rezultatele in figurile 5-10.

Conform relatiilor (4, 5) si figurilor 5 si 6 valoarea unghiului
de declinatie este dependenta de ziua n in care au fost facute
masuratorile intensitatii radiatiei solare. Tn figura 5 sunt
reprezentate valoarile unghiului de declinatie in luna iulie 2011
iar In figura 6 sunt reprezentate valorile minime si maxime ale
unghiului de declinatie pe baza analizei statistice in anul 2011.

Din figura 7 se observa asa cum reiese si din
literaturade specialitate [4, 5] ca valorile unghiului orar sunt
pozitive dimineata si negative dupa amiaza.

Conform figurii 10, unghiul azimutal y are valoarea 0
cand planul captatorului este orientat spre sud si valori
pozitive cand are orientarea spre vest.

Z: Zenith

Fig. 4 - Trajectory of the sun in the sky- important angles /
Reprezentarea unghiurilor de stabilire a pozitiei Soarelui pe bolta cereasca [3]
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Fig. 7 - The variation of the hour angle in July 2011 / Variafia unghiului orar in luna iulie 2011
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Variafia valorilor minime si maxime ale unghiului de declinafie in anul 2011
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CONCLUSIONS

Using mathematical algorithm presented in this paper
to determine the sun-earth angle (angle of declination,
zenith angle, Solar azimuth), makes it possible to
determine the position of collector of solar radiation from
the sun so that its efficiency is maximum.Based on
mathematical algorithm, we determined the values of
these angles for 2011 and we plotted the values of
angles for July, month when was recorded maximum
solar radiation and minimum and maximum values for the
whole year.

The results of this study of monitoring the intensity of
solar radiation, allow interpretations that can be capitalized
for the purposes of determining the local potential of using
solar energy. To complete this study, it takes longer to
monitor the intensity of solar radiation.
Solar energy is the gateway to a new era, with its use in
heating, resulting in reduction of environmental pollution.

The efficiency of a solar collector (of thermal or PV
panel type) can be meaningfully increased if the collector
is tracked in accordance with the sun so that the incidence
angle (angle between the sun ray and the perpendicular
line on the collector’'s plane) becomes null or very small.
The achievement of this requirement supposes a
modelling of the Sun-Earth angles that have to be
accurate, relatively simple.
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CONcCLuzIl

Utilizarea algoritmului matematic prezentat in lucrare,
pentru determinarea unghiurilor soare-pamant (unghiul de
declinatie, unghiul zenit, azimutul solar), face posibila
determinarea pozitiei captatorului de radiatii solare fata de
soare astfel incat randamentul sau sa fie maxim. Pe baza
algoritmului matematic, am determinat valorile acestor
unghiuri pentru anul 2011 si am reprezentat grafic valorile
unghiurilor pentru luna iulie, luna in care s-a inregistrat
valoarea maxima a intensitatii radiatiei solare, precum si
valorile minime si maxime pe intreg anul.

Rezultatele acestui studiu de monitorizare a intensitatii
radiatiei solare, permit interpretari care pot fi valorificate in
vederea stabilirii potentialului local de utilizare a energiei
solare. Pentru a finaliza acest studiu, este nevoie de mai mult
timp de monitorizare a intensitatii radiatiei solare. Energia
solara este poarta catre o noua era, cu utilizarea acesteia in
sistemele de ncalzire, rezultand reducerea poluarii mediului.

Eficienta unui colector solar (de tip panou termic sau
PV), poate fi semnificativ crescuta in cazul in care
colectorul este amplasat in conformitate cu soarele astfel
incét unghiul de incidenta (unghiul dintre raza de soare si
linia perpendiculara pe planul colector) devine nul sau
foarte mic. Realizarea acestei cerinte presupune o
modelare a unghiurilor Soare-Pamant, care trebuie sa fie
corecte, relativ simplu.
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