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Abstract. This work offers the opportunity to examine
the possibility of implementing a solar chimney power
plant in the region of M'Sila (Algeria) whose solar
potential is exceptional. The solar chimney is a generator
of electricity starting from solar energy. Performance
analysis of a solar chimney which has similar
characteristics to prototype Manzaneres (Spain), that could
produce 39-72 kW, and that would be used to supply
electricity to 39 000 - 72 000 inhabitants, was performed
using the software fluent. The results obtained are very
promising.
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1. Introduction

The rapid increases in population and economic
development have led to a growing demand for energy.
The unavoidable exhaustion of fossil fuels along with their
more polluting forces changes the direction of efforts and
research into renewabl e sources.

Solar energy is one of the great hopes of mankind.
Many applications of this inexhaustible and pro-
environmental source are known. Among them is the solar
chimney used to produce electrical energy from sunlight.

This generator electrica power, introduced by
Professor J.Schlaich Stuttgart in 1968 [1], consists of three
main components: the solar collector (called also the
greenhouse), the chimney (the tower) and, the wind
turbine.

The heated air in the collector (open to the periphery to
introduce fresh air) rises above a fireplace located in the
center of the collector. A wind turbine in the base of the
chimney is placed in the trgectory of the air-flow to
convert the kinetic energy thereof into mechanical energy.
The generator brought about by the turbine converts
mechanical energy into electrical energy.
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The prototype of Manzanares in Spain is the only
solar chimney of industrial scale in the world that was
built and tested over the years 1982-1989. Many other
projects were announced in different countries (India,
Australia, China, Namibia, USA, Chile ...), but none has
emerged.

This work examines the possibility of implementing a
solar chimney power plant in the region of M'Sila
(Algeria), in which the solar potential is exceptional. Our
main focus is on the performance of such afacility.

Fig. 1. Solar chimney
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NOMENCLATURE
V Velocity (m/s)
A Area (m?)
Cp Specific heat (Jkg K)
D Diameter (m)
Heat transfer coefficient
h (W/m? K)
m Flow rate (kg/s)
Globa solar radiation
G (W/m?)
Acceleration of gravity
g (m's?)
P Power (W)
Q Heat (W)
T Temperature (K)
H Height (m)
F Heat flow(W/m?)

GREEK SYMBOLS

a Emissivity

t Transmitivity

p Density of air (kg/m3)
n Efficiency

Il Viscosity of air (kg/m s)
SUBSCRIPTS

0 Ambient

coll Collector

sc Chimney

am Atmospheric

wit Turbine

e Electric

2. Mathematical
Conditions

Model And Boundary

The geometry of the solar chimney, which isillustrated
in fig 2, congists of two cylindrical cavities. They are open
and superimposed oneach other (the chimney and
collectors).  Thecharacteristics of the rotational
symmetry of the cylinder makes the solution two-
dimensional (dependsonly onr and z).

Collector

7

Fig. 2. Two-dimensiona geometric of the solar chimney
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The equations that describe the flow in cylindrical
coordinates are given by [2]:

Mass conservation:
oL UL (01)
ot r or oz

Linear r-momentum conservation:
o(ru) , ,0u,  ou_ m(%+vzuj+ —1dp (02

ot or az r

Linear z-momentum conservation:

a(rv) av av _My2, 1@_r_Tg (03)
ot 6r az r r oz r

Energy conservation:

or T +u£+v£=aV2T (04)

ot or 0z
The model of turbulence used isk —€ . Equation of
turbulent kinetic energy K :

ok - ok 0 C,k?) ok
— 4 Uk —||n+ —
ot axk axk S & 0%, (05)

C,k?( aui  oux \ou;

— ——e
e |ox, Ox )Oox,

Equation of the dissipation of the turbulent kinetic
energy e :

de - de a{ cukZJ oe
+ Uk n+

ot axk axk S OX, (06)
. 2
+C,CH QU ou; auk oui eze_
axk axi OX k

Constants take the following values [3]:

C.=144C, =192C_=009s,=10s,=13
A. Solar collector

The efficiency of collector is given by:

hoy = 2 (7

The heat generated Q and mass flow M are respectively
given by equations 8 and 9

Q=mC, AT (8)

m=r coll'\/c'A: (9)

RE&PQJ, Vol.1, No.12, April 2014



By substituting in Equation 7, Q and M by their
expressions, we obtain the relation:;

Moot Vo :ALC AT
hco|| _ call *Vc A& p (10)
A\:oll G
B. solar chimney
The efficiency of the chimney is expressed by [4]:
he = P‘f" _ (11)
Q CpTO

The pressure difference produced by the chimney is

calculated by:

AP,

tot

AT

=rcoIIgHsc T

0

The electrical power is given by:

P:Zh h

e coll ™ " wt
3

g
—~H_A,G
C To scpioll

Whereh, isthe turbine efficiency.

(12)

(13)

The boundary conditions and the parameters used in the
calculations are recorded in Tables | and |1

Table |. Boundary conditions

Place Type Value

Bottom of the collector Heat flow F (W/mK)

Top of the collector Wall TO, h=10 W/m2K
Surface of the chimney Wall gsc=0 W/mK
Collector inlet Pressure inlet P=Patm, T=TO
Chimney outlet Pressure outlet | P=Patm

Table Il - Dimensions and parameters used

Parameters Value Parameters Value
Chimney height (Hg) 194,6 m | Product of
transmittance and 065
Chimney diameter (Dq,) 10m |absorbanceof the| ™
collectorat
Distance from groundto | 1,85-3,7
the cover (Heo) m Collector
Efficiency of the turbine 085 diameter (Do) 244 m
h,. ’
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3. Resultsand Discussion

The performance of any solar system is closely
related to solar irradiation. Our interest examined first of
al this key parameter. The evolution of annual solar
irradiation of the regions of M'Sila (Algeria) and
Manzanares (Spain) in which the only prototype solar
chimney of industrial scale has been achieved is shown in
figure 3.

-----Manzaneres (Spain)
— M'Sila (Algeria)

Solar irridiance (W/mz)

T T T T T
150 200 250 300 350

Day of year

T T
50 100

Fig. 3. Variation of solar radiation for the two regions
during the years

We can notice that the two curves have a similar
shape [5,6]. However, because of their geographical
positions the solar potential of the region of M'Sila is
higher than that of Manzanares.

Also, it may be noticed that the maximum value of
solar irradiation for the region of M'Sila in the range of
1197 w/ nm fits with day 171 of the year

The examination of the curves of figure 4, indicating
the monthly variations in solar radiation and ambient
temperature, helps us to observe that the solar radiation
varies approximately through the year from 600 W / n
to 1200 W / m2,
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Fig. 4. Average monthly solar radiation and ambient
temperature
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The temperature profile through the collector (from
input to output) for 4 months of the year (January, April,
July and October) isillustrated by the curves of Figure5. It
seems that the variation is amost linear for al 4 months
[7,8]. Furthermore, it is noticed that the increase in
temperature ranges from 22-30 ° C.
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Fig. 5. Air temperature through the collector

It is easy to observe that the curve representing
the monthly change in the production of electrical energy
(Figure 6) has a similar appearance to that of the solar
radiation. In addition, we can notice that this production
varies during the year from 35 to 72 KW.
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Fig. 6. Average monthly power productivity

In order to deepen our investigation on the site of
M'Sila, the evolution of solar radiation on the 21st day of
the months of the year (January, April, July and October)
is shown in Figures 7-10.
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Monthly solar irradiance (W/m°)

Fig. 7. Variation of solar radiation and ambient temperature
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Fig. 8. Variation of solar radiation and ambient temperature
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Fig. 9. Variation of solar radiation and ambient temperature
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Fig. 10. Variation of solar radiation and ambient temperature
versus time of October 21

The curves in Figures 7-10 show that the maximum
solar irradiation is observed between 11 am and O1p.m for
al 4 days. On the other hand, the highest value, of the
order of 1200 W / m?, isreached in July.
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Fig. 11. Variation of power productivity

Figure 11 shows that the production of electrical
energy is higher during the periods of spring and summer.
This can be explained by the fact that the solar radiation
and ambient temperature are higher in spring and summer
than in the other two seasons. The production of electrical
energy varies respectively as the following:

From 5 to 35 kW during the day of January 21,
From 5 to 65 kW during the day of April 21;
From 10 to 72 kW for the day of July 21 and;
From 15 to 47 kW during the day of October 21.

AN N NN
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Conclusion

In this work, the influence of solar radiation and
ambient temperature on the electrical energy produced by
a solar chimney in the region of M'Sila (Algeria) is
studied. The results led to the following notes:

- The production of electrical energy is closely related to
solar radiation and ambient temperature. Nevertheless, the
effect of radiation is much important.
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- The trend of the variation of energy production is
similar to that of sunlight.

- The efficiency of the turbine has a crucia role in the
production of electrical energy.

- The instalation of a solar chimney in the region of
M'Sila (Algeria) having the same dimensions as the
prototype Manzaneres (Spain) will produce 39-72 kW,
which will be used to supply electricity to 39 000 —
72 000 inhabitants. This will increase the current output
of 22 kW and lead to reduce the cost of kW.
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