Volume 5, Issue 9, September — 2020

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

Estimation of Incident Solar Radiation on the Walls
of a Habitat for the Typical Day of April in the
Ouagadougou Region in Burkina Faso

Baba MANSARE?, Mamadouba CONTE?, Yacouba CAMARA®", Amadou Lamarana BAH* and Drissa OUEDRAOGO?®
tUniversité Gamal Abdel Nasser de Conakry, Département de Mathématiques, BP 1147, Conakry, Guinée
2Institut Supérieur Agronomique et Vétérinaire, Valéry Giscard D'Estaing, Département Energétique et Environnement,
BP 131, Faranah, Guinée
#Institut Supérieur de Technologie de Mamou, Département Energétique, BP 63, Mamou, Guinée
“Université Gamal Abdel Nasser de Conakry, Faculté des Sciences, BP 1147, Conakry, Guinée
SUniversité Joseph KI-ZERBO, Laboratoire d'Energies Thermiques Renouvelables, Ouagadougou, Burkina Faso

Abstract:- His work aims to develop a mathematical
model of incident solar radiation on all the walls of a
sloping roof habitat for a typical climate in the
Ouagadougou region. Subsequently, we set up a
program for the calculations of the essential parameters
of illumination and the various components of solar
radiation under the Fortran Programming Language
and to plot our curves using the Origin software. This
work allowed us to estimate the amount of solar flux that
each wall of a habitat receives during a day, to know the
importance of the orientation of the main facade of the
habitat to the south and to find out how often the roof is
exposed to solar radiation. The maximum solar
radiations observed at the level of the east, west, south
and north walls and of the roof are respectively: 513
W/m?, 515 W/m?, 159 W/m?, 114 W/m? and 821 W/m?.

Keywords:- Estimate, Incident Radiation, Habitat Wall,
Typical Day.

I INTRODUCTION

Solar radiation is the most important energy resource
for man and indeed it is an essential factor for human life.
Knowing the distribution of solar radiation at a particular
geographic location is solar powered appliances; solar
energy is clean, abundant, renewable and a sustainable
energy resource from the sun reaching the earth in the form
of light and heat [1, 2, 3]. In developing countries, solar
radiation data is not readily available for lack of data
measurement equipment and the techniques involved [4-6].
Solar radiation from the sun is quickly becoming an
alternative to other conventional energy sources. Most of the
varying types of clean and energetic bass, solar power seems
to be the most favored option due to its infinite and non-
polluting nature [7-14].

Radiation is the oldest source of energy; it is the
building block for almost all fossil and renewable types.
Solar energy is freely available and could be easily
harnessed to reduce our dependence on hydrocarbons [15-
17]. Solar energy is also the most dominant of all renewable
energies, it is at the origin of almost all of the energy
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sources used by man [18, 19, 20]. It is the most fundamental
source of renewable energy on the earth's surface, and global
solar radiation (Rs) plays an important role in a wide range
of applications in fields such as meteorology and hydrology
[21, 22].

The measurement of solar radiation is always a
necessary basis for the design of any solar energy
conversion device and for a feasibility study of the possible
use of solar energy. Measured data is the best, but may not
always be available [23-26]. Knowledge of total solar
radiation data is essential for researching and lowering the
economic viability of systems that use solar energy [27].
The total solar irradiance data is important for the use of
solar energy which is in the form of diurnal variation,
monthly average daily values, frequency distribution of the
number of constant consecutive days in certain month, with
insulation less than one certain threshold and the frequency
distribution of monthly and annual mean values [28-31].
Precise data on solar radiation are necessary for the design,
simulation and good performance of any project involving
solar energy (photovoltaic systems, thermal systems,
parabolic solar concentrators, etc.). But the low presence of
radiometric stations, leads to an insufficient database for a
global study of the components of solar radiation [32]. The
use of solar energy in sunny countries is an effective tool to
compensate for the lack of energy. The interest of such
energy is not only economic but also environmental because
pollution has become a major problem to which solutions
must be found [33, 34].

1. MATERIALS AND METHODS
< Materials

> Presentation of the study area

Burkina Faso is located in the heart of West Africa
(Figure 1), between 3 ° East longitude and 6 ° West
longitude and between 9 ° and 15 ° North latitude. The
climate is tropical dry, characterized by an alternation of a
dry season lasting eight months in the north, five months in
the south and a wet or wintering season ranging from April
to October in the south and June to September in the North.
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March and April are the hottest months of the year and
December and January the coolest. Burkina Faso is
subdivided into three climatic zones (figure 1) which are
[35, 36]: the Sahelian zone, the Sudano-Sahelian zone and
the Sudano-Guinean zone.
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Fig 1:- Burkina Faso climate map

» Tools

The tools that we used for this research are the
meteorological data of the typical day of April in the
Ouagadougou region represented in figure 2 which
represents the most critical month of this region during the
12 typical days. The programming language is Fortran for
simulation and the Origin software for plotting curves.

Figure 2 shows the trend in global solar radiation on a

horizontal plane (RGH) and in ambient air temperature
(TEMP) for the typical day in April.
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Fig 2: - Global solar radiation and ambient temperature of
the typical day in April in the Ouagadougou region

+ Methods

We proceeded to the modeling of the parameters of the
lighting in the first place and that of the global radiation and
incidents on the walls of a roof habitat inclined by an angle
of 30 ° in the second step.
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» Mathematical models of the lighting parameters
The astronomical formulas established for modeling
solar radiation are as follows:

Declination, o

_ (284+n)
& =23.458in| 360.~— @)
365

Where n: is the number of days
Hour angle of the sun, @,

T
., =(TSV -12).— 2
rd ( ) 12 ( )
True solar time, TSV
LG
TSV=TL-N+ET+| — ©)]
15
With :

TL : temps local en heure;

N : time difference, equal to 0 for Guinea;
ET : equation of time;

LG : longitude of the place

Equation of time, ET
ET:9.87xSin{720,[ﬂﬂ—753)(C05[720.(ﬂﬂ—1,5xSin{360,[ﬂﬂ 4)
365 365 365

Sun height, as
Sin(a; ) = Cos () Cos(&)Cos(w)+Sin(p)Sin(8) (5)

Sun azimuth, y,

Sin(y,) = Coz(i)(i?)(m)

(6)

» Mathematical models of solar radiation

Incident solar radiation on any plane

Cos(0) = SinsSingpCos )
—SinsCosgpSinpCosy + CosdCospCos SCosw
+Co0ssSingSinCosyCosw + CossSinSSiny Sinw

For a horizontal plane, (  =0), Eq.7 becomes :
Cosf = CospCosoCosm + SingSino (8)

Global solar radiation on a horizontal plane

R GH — R*DIRH + R*DIFH 9)

If the global horizontal radiation is measured, in this
case the horizontal direct radiation is worth:

* * *

R DIRH — R GH — R DIFH (10)
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Diffuse radiation on a horizontal plane

* _l
R =120XxI"XEX 11
oI IO(0.4511+ Sin(h)J( :

Where I : is the cloud factor of the sky, it is expressed by

the relation:

r= 0.796—0.01xSin[% x(n+284)} (12)

Direct solar radiation on an inclined plane
Roiri =R o XRy (13)
With R, : the geometric factor and R, >0

R - Cos(6) Cos(6) SingSin(®- §)+CoséCos(®- §)+Cosw (14)
" Cos(4,) Sin(h) Sin®Sing +CosdCossCose

Diffuse solar radiation
1+Cosp (15)

2

RDIFI = RDIFH

Solar radiation reflected from the ground

1-Cosp

Rairl = Rgy XpoX (16)

Where p: is the coefficient of reflection of the ground or
albedo and whose average value is 0.25

Global solar radiation on an inclined plane
1+Cos 1-Cos 17
Ra :[RD'RJH XRb]Jr{:RmFHX 5 ﬁ}{RGH XPXTﬁ} ( )

1. RESULTS AND DISCUSSION

Figure 3 illustrates the graphical representation of
global solar radiation (RGH), direct solar radiation (RDIRH)
and diffuse solar radiation (RDIFH) on a horizontal plane. In
this figure, we see that the global solar radiation is the sum
of the other two radiations as stated in the literature at the
level of formula 13. The maximum values of these
radiations are observed at 12h and are respectively 1000
W/m?, of 950 W/m?and 50 W/m?.

1000 5

—=— RGH

800 +

600

400 +

200 H

Global radiation ,direct and diffuse (W/m2)

Time (hours)

Fig 3: - Global solar radiation, direct and diffuse
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Figure 4 shows the profile of global solar radiation on
the horizontal plane (RGH), solar radiation incident on the
roof (RGIT) and solar radiation incident on the south wall of
the habitat (RGIS). In this figure, we notice that the value of
the global solar radiation incident on the roof is very close to
that of the global solar radiation on the horizontal plane. On
the other hand, the solar radiation incident on the south wall
is weaker compared to the two preceding radiations,
although the south wall is oriented towards the sun. This
shows that the roof is the component of the habitat that
receives a very large amount of solar flux compared to the
other components.
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Fig 4: - Global solar radiation, roof incident and south wall
incident

FIG. 5 represents the variation graph of the solar
radiation incident on the east (RGIE) and west (RGIW)
walls of the habitat model. In this figure, we see that the two
profiles are symmetrical from noon and the maximum value
of solar radiation is observed at 9 a.m. for the west wall and
at 3 p.m. for the east wall, which are respectively 513 W/m?
and 515 W/m?. This shows that the sun rises in the west and
sets in the east.
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Fig 5: - Incident solar radiation on the east and west wall of
the habitat

Figure 6 illustrates the incident solar radiation profile
on the south (RGIS) and north (RGIN) walls of the habitat.
In this figure, we see that apart from the north wall, it is the
south wall which receives the minimum solar flux compared
to the other components of the habitat. This shows that to
carry out a construction, the main facade of the building
must always be oriented towards the south. At sunrise, the
flux is maximum on the north side from 6 a.m. to 8 a.m. and
from 4 p.m. to 6 p.m., with reasonable amounts compared to
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the maximum value of the solar flux on the south wall. The
maximum solar flux values for the south and north walls are
observed at noon and are respectively 159 W/m? and 114
W/m?2.
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Fig 6: - Incident solar radiation on the south and north wall

of the habitat
V. CONCLUSION

In this present work, we presented a digital modeling

of the essential parameters of illumination, components of
solar radiation and incident radiation on the walls of the
habitat, whose roof is inclined at an angle of 30 °.

Thus, we analyzed the evolution of the direct, diffuse

and incident solar radiation profiles on the walls compared
to the weather for the typical day in April in the
Ouagadougou region in Burkina Faso. These analyzes show
us that among all the components of the habitat, the roof is
the most exposed to solar radiation with a maximum flux
received of the order of 821 W/m? observed at noon.
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