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The effect of the Saharan climate on the indoor environment of
a station of electric energy transformation MV / LV
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Abstract. The proposed work studies numerically the mixed convection heat transfer in a station electric
transformer MV / LV for the public distribution of a neighborhood located in the town of Bechar (Sahara
region) in the south-west Algeria. Taking into account the climatic conditions measured during the
summer period [1], introduced as boundary conditions using the Fluent CFD based on the finite volume
method. In order to get results presented in form the isothermal and the stream function and the profile of
the evolution of the temperature and velocity components of the air inside the station.The objective of this
study is to analyze the results of the distribution of temperature, aeration of the position and the flow of air
to the interior of the station.The influence of the number and location of openings in the station is studied.

1 Introduction

Algeria is a vast country it is between 18 ° and 38 °©

north latitude and between 9 © west longitude and 12 °

east longitude (the International meridian Greenwich (0 _
°) passing near the town of Mostaganem). =t

Bechar is located in southwest from ALGERIA:
latitude : 31 °37 'N 31.6167 and longitude 2 ° 14' W -
2.23333; it is characterized by a continental climate
desert type, with rainfall of about 40 mm / year.
Sandstorms are very common, and the average
temperature is 35 © C (+ 45 ° C in summer and -5°C

in winter). . . . .
Fig. 2. Climate zones in Algeria
[Ocl The study is a numerical modeling of heat transfer by
60 mixed convection of transformer station of the electric

energy ; taking into account the climatic conditions of

40 the region of Bechar.
Mixed convection in rectangular spaces is a very

20 e important subject of investigation for its presence in
various industrial applications such as : the cooling of
0 electronic components, heat losses in solar collectors
— O d O d LV dWOWodA O oA O and ventilation of rooms and buildings. The laminar
— = = flow of forced or natural convection has limited value
because the number of Reynolds or Grashof / square

Fig. 1. Outside temperature Rayleigh must not exceed a certain threshold [2-3].
The mixed convection heat transfer, is of considerable
The Bechar region therefore has a hot and arid climate. interest for technological applications such as chemical
It is then placed in the zone D1 (see figure 1.2) deposition of thin layers, cooling of electronic

components [4-10]

A large number of numerical and experimental
studies [11-16] relate to heated or isothermal tubes
mixed convection. Most of these studies considers the
bi-dimensional case with vertical tubes. They studied
the effect of dimensionless numbers on the flow
behavior in mixed convection.
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The effect of the tilt was considered by [17] and
[18] in 3D which assume that the flow has a
predominant direction in order to simplify the Navier
Stokes equation .

The ventilation of rooms habitat types for buildings
is studied by [19] due to the significant increase in
temperature in summer in Saharan zones and because
of the bad mastery of ventilation in the cavity where
there is the electrical transformers there will have
nefarious consequences of the quality of indoor air,
built conservation and energy consumption. In order to
treat this problem, we examine in this work
numerically the various positions of the openings in
the station and their influence on the inside heat
transfer .

2 Configuration studied

The configuration studied is shown in Figure 1. This is
an electric power processing station for the public
distribution of length L = 3.4 m and height H = 2.8 m,
equipped with two openings same heights hl = h2 =
0.44 m. One is located at the bottom for the admission
of air and the other at the top for the hot air outlet. The
wall near the transformer is at a warm temperature Tc
and the other wall kept at a cold temperature Tf, too,
the floor and the ceiling are supposed Job thermally
insulated. The station contains a transformer dimension
el = 1.7m, e2 = 1.85m. The boundary conditions of the
station studied are taken from the climatic data of the
region of Bechar.
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Fig. 3. Geometric Configuration

transformer

g
<Qmmmm  entrance
P —"1
X

= <=

south side north side

Fig. 4. Sides of the station

To simplify the problem, assume that:

* The fluid is Newtonian and incompressible.

* Heat transfer by radiation is negligible.

* The heat dissipation by viscous friction is neglected.
» The Boussinesq approximation is considered.

* The flow is bidimensional.

3 Mathematical model

The system of equations governing the model is
written in the following dimensionless form:

a.mass conservation equation (continuity) :

o ov
—+=-=0 (1)
ox oy

a.  Equations of conservation of momentum :

on  ou  ou ) 8P 1 (o &u) =
T+IIT+1'T :—va'—— —«*'é'-\ (_]
of o dy) oOx Reldx™ oy

(ov & &) oP 1(dv &v) Gr .
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b. Energy conservation equation:

cr  oTr eT |
—tU—tV—=

cr ox cv RePrl &’ il

(4)

The initial and boundary conditions:

The previous system of equations must be solved
under certain specified conditions

At the entrance :

U:Vmax;V:O;T:Tf (5)
At the exit:
Outflow (all gradients are taxed except zero
pressure)
Hot walls:
U=V=0 ;T=Tc (6)
Vertical walls:
U=vV=0 ;T:Tf (7)
Horizontal walls (adiabatic) :
u=v :i—T =0 (@)
ox

The numerical procedure used in this work is that
of finite volume. It involves the integration of
differential equations of mathematical model on finite
control volumes for the corresponding algebraic
equations. The SIMPLE algorithm was chosen for the
coupling speed pressure in the Navier Stokes equations
on a staggered grid. Convective terms in all equations
are evaluated using the scheme apwindler order. In
order to follow any changes in hydrodynamic and
thermal fields, we used a uniform mesh.
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4 Results and discussion

A) Without insulation
1) Isotherms and streamlines:

The isotherms are shown in Figure (5) by varying the
number and location of the openings of the station for
the fixed climatic conditions; which shows that the
temperature exceeds 65 ° C on the transformer and 55 °©
C on the sunny sides with an external temperature
equal to 45 ° C. As it’s remarked, the addition of
openings reduces slightly the maximum temperature.
The figure (6) shows the streamlines for the same
cases; we see that the flow is well distributed around
the transformer. We observe the appearance of a vortex
which is on the left of the heating element caused by
natural convection in the station, therefore its size is
considerably weakened by adding openings.

en K

Fig. S : Isotherms in the station

A e

Fig. 6 . Streamlines in the station

The figure (7) show the air circulation in the
station.Fresh air enters through the openings at the
bottomit it flow over the wall of the transformer, it is
heated and by natural convection it heads upwards to

come out. In all cases, the top of the transformer is a
recirculation zone which is not well refreshed.

m/fs -z

Fig. 7 : Air circulation in the station
B)with insulation

We tried to insulate the system by a screen in cases of
2 and 4 openings.

1)Isotherms and streamlines :

By comparing the two cases, it is found that the
removal of the solar gain through the insulation lowers
the temperature.

The simulation for the previous existing stations
fitted with double screen (insulation) on the sunny
sides reduces the flow absorbed dramatically. It can be
estimated with a dual screen, the temperature applied
on protected sides is the same as the temperature of the
atmosphere of the time (45 ° C). The heating of the
transformer is caused by its own power generation.

The greatest value in the station is located on the
main of the heat generator transformer. The average
temperature of the air inside the station is of the order
of 45 ° C to an external temperature of 40 ° C and
generally of the order of 5 © C higher than the external
temperature.

enk I

Fig. 9 : Streamlines in the station (with insulation)

The figure (10) shows that the case where there are
four opening the air circulation around the transformer
is more regular and causes more uniform cooling than
in cases where there are only two or three.

Fig. 10 : Air circulation in the station (with insulation)

C)Temperatures and velocity Profiles:

Figure (11) illustrates the evolution of the temperature
on the line Y =2 m in case of two and three openings;
the temperature distribution according to the flow of
fluid which it is noted that the temperature does not
exceed the ambient (Ta = 45 ° C) throughout the area
of the transformer in parallel. In the case of low
temperatures, we see an increase in temperature up to
Tc = 55 © C just after the position X = 2.3 m to
stabilize until almost hot wall characterizes the heat
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transfer is dominated by conduction. As against where
was added an additional opening the temperature area
of renewal increases rapidly from the position X = 3.3
m to reach the hottest value which is why the transfer
by convection is predominant.throughout the area of
the transformer in parallel. In the case of low
temperatures, we see an increase in temperature up to
Tc = 55 ° C just after the position X = 2.3 m to
stabilize until almost hot wall characterizes the heat
transfer is dominated by conduction. As against where
was added an additional opening the temperature area
of renewal increases rapidly from the position X = 3.3
m to reach the hottest value which is why the transfer
by convection is predominant.

The profile of the average vertical velocity at a
height of Y = 2 m in both cases is shown in Figure
(12). A sharp decrease of the vertical velocity is noted
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Fig. 12 : the temperature profile at 2m height along the
station

Conclusion

The maximum temperature reached 55 © C greater than
ambient temperature that is to say that the heat flow
from the transformer increases the heating of indoor
air.

The multiplication of openings and regular cleaning
are the first inexpensive solution to reduce the heat
load on the stations.

A more interesting solution is to have on the sunny
faces, in addition to openings; Double lightweight
material screen that has the effect of removing the solar
heat flux incident on these surfaces and is the main
cause of the warming of the stations.

Nomenclatures

g Gravitational acceleration [m / s2]

H Height of the cavity [m]

L The cavity length [m]

h1 evacuation length [m]

h2 Length of entered [m]

el The thickness of the heating element [m]

e2 The height of the heating element [m]

to achieve minimum values about X = 0.5. However
the highest rate values are met in the range 0.8 < X <
2.5 (i.e. of near heating corpd). These values indicate
where the fluid particles follow the streamlines in
ascending and descending movement.
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Fig. 11 : the temperature profile at 2m height along the
station

U, V velocity vector Components [m / s]
Greek symbols

A Thermal conductivity [W / mK]

p Dynamic viscosity [Kg M-1 /s-1]

v Kinematic viscosity [m2 / s]

p Density [kg / m3]

A Temperature difference [K]
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