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ABSTRACT

Axi-symmetric, steady, incompressible, turbulent flow fidd developed by natural
convection inside power plant solar chimney is investigated numerically using finite
volume method. Navier-Stockes with energy equation is solved to achieve veocity
components and temperature distribution inside solar chimney. To complete the
thermal analysis, conduction through upper glass wall, chimney concrete wall and
floor ground were investigated to calculate temperature distribution through theses
walls. A standard k - € turbulence mode associated with lawss of the wall along
solid boundaries was used. Special arrangement for mesh was used to deal with
complicated shape of the domain. The main studied parameters are solar collector
diameter, kinds of ground, periphery heights and solar intensity radiation. This study
was compared with previous available experimental study and there is acceptable
agreement. The performance of the solar chimney was examined through maximum
air veocity in the tower inlet and maximum temperature in the ground floor. The
final optimization parameters are defined within studied ranges.
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Description
Cross section area of cell faces
Cosfficients of Conduction and Convection
Kinetic energy generation by shear
Thickness of glass absorbing ground, chimney wall and soil underneath

respectively.

Heat transfer coefficient outsde and inside collector respectively.

Unit vectors in position (X, r) direction respectively.

Thermal conductivity of glass, absorbing ground, chimney wall and soil
underneath respectively.

Total heat flow

Solar radiation reflected
Physical cell dimensiong(i.e. distance between cell-faces )in cylindrical coordinate

Rate of dissipation of kinetic energy
Ratio of solar radiation reflect =0.020
Fluid density

General dependent variable

Dynamic viscosity

Turbulent viscosity

Effective kinematics viscosity

Diffusion coefficien, CG= 1T/ S
Effective diffusion coefficient
Cylindrical coordinate

Coefficients of lineairzed source expression

Pressure
Velocity components (x& r) direction
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INTRODUCTION

he principle of solar chimney (shown in Figure 1) is to convert the solar

radiation into another type (kinetic energy) in which the air is heated and

expanded under large glass roof. This flows to a chimney in the middle of the
roof and is drawn upwards this updraft. Drives turbines are installed at the
base of the chimney, and these produce dectricity, William, 2002.

Many studies about solar energy applications have been carried out, some of
which became true, yet the others are still in the process of development. Ronald, 2002
studied theoretical wind power from a sun with (12.566 x10°) m* area of solar
collector. Ong, 2002 proposed a simple mathematical model of a solar chimney, steady
state heat transfer equations are set up to determine the boundary temperatures. Bilgen,
2005 have developed a mathematical model and a code on MATLAB platform on
monthly average meteorological data and thermodynamic cycle. Pretorius, 2005
compared computer simulation to study evaluation of the influence of a recently
developed convective heat transfer equation. Adam, 2005 produced a mathematical
simulation and experimental investigation of airflow in solar chimney which was a
simple channd glazed on one with a collector wall on the other. Zhou, 2006
investigated the performance of a pilot experimental solar chimney setup in China
Zhou, 2006 studied experimental solar chimney power setup consisting of a 5 m-radius
air collector and an 8m-height chimney.

The aim of this work is to devdop a numerical study to calculate the flow
characteristics (distribution of temperature and air veocity) for a solar chimney to
generate dectricity. The work deals with many variables such as: solar intensity
radiation (300-700 W/nr), periphery heights (0.08-0.16 m), absorbent ground (asphalt
aggregates, marbles and sandstones) and collector diameters (6, 7, 8 and 9 m). Other
fixed parameters are the chimney height and diameter (6, 0.3 m) respectivey.

MATHEMATICAL FORMULATIONS
Air Flow Domain inside the Solar Chimney

The working fluid (air) is allowed to flow fredy between the cover and the
absorber. The collector has a circular shape. Most practical problems which deal with
subjects of flow fidd and heat transfer are governed by principles of conservation of
mass, momentum and energy. These principles can be expressed in terms of partial
differential equations, which will be presented in the form of cylindrical coordinates,
2-D (axi-symmetric), steady flow:
i- Continuity equation (mass conservation)

1 )l _
ﬂ(rru)+ﬁ(rrv) =0 (1)

ii - Momentum eguations:
u-Momentum (x-direction)

161 )| U_ p,1éTa Tuo, Tee Tud 2

=& A pr L - dL s Mo, 1 e

rg'"X(rruu)+‘"r (rrvu)H ‘"X+r8‘nxgrrr]@ff ‘"Xﬂ+‘"rgrrr]@ff ‘I]r&{r ] (2
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v-Momentum (r-direction)

é T, 167 & Vo, vl ... 3
rruv) + —(rrw) g=- — +=a—crfm, —=+— — —+
ﬂ e ) ﬂr( )H qr rgﬂxg%ﬂxra ﬂrgmﬂ :u M S’

iii - Energy Equation

1é9 1 U_1éTae. Mo Tee~. T
e, AN, .. (4
T g (T = e GG g TG S @
Where:
1 luo 19 Vo
auo, 11 5
' ﬂxl?ne“ g rré ° Ixg ©
1 fuo 19 wo v
= _;+__ - . -
ﬂxz?n“’" Ir o rﬂremg"ﬂr Mz e ©
mg=m+m @)
m m
=+t
ad ... (8)

In equations 1 to 4, a mathematical expression for effective kinematics viscosity (Ves)

and effective diffusion coefficient (G) will be required through the use of turbulence
model.

THE STANDARD K - € MODEL

The turbulence according to (Launder, 1972) is assumed to be characterized by its
kinetic energy and dissipation rate (€). This mode relates the turbulent viscosity to the
local values of r, k and e by the expression.

m=r C_k?/e e (9)
Where C_ is an empirical “constant” value for high Reynolds number. The turbulence

parametersk and € are derived from their respective transport equations:
i - Turbulence kinetic energy(k) :

1é79 u M e 'ﬂko M e _ Tkou

—«—rruk+—rrvk rG —=+—gr + .. (10

rex( )+ gy (TG = rexé%xg qrg Gy s (10)
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G =mg /d, e (12)
S =G -C,re e (12)
ii - Dissipation rate(e)
1eq 1 0_1ef . fed T 'ﬂedJ
rrwe)+—(rre)g=— G r— e (13
e T (rrelg reﬂ—ga e g G 8 G (13
G =m, /d, cereeeeenees (14)
Where:
4 .2 .2 2p 28
G =m& ?—ug + Jve +¢“’—”95 +2u, VO s v (15)
¢ @gTxg e&lirg eragg &1r fixg
22 @l fug”
i p ... (16
So=g Megr (M4 (16

The values of the empirical constant used here are given in Table 1. The
conservation equation of mass, momentum and energy are solved by the SIMPLE
algorithm with hybrid difference scheme. Non-uniform grids were employed, with 61
"~ 61 mesh.

Heat Conduction Through Walls
Analysis of Steady Heat Conduction of the Glass Solar Collector

An incline glass wall with thickness (6 mm) is to be analyzed by conduction
equations. Sample of the nodes are shown in Figure (2). The inclined line of glass
was represented by steps as shown in Figure (2) to simplify the problem. This
approximation will allow use of Cartesian coordinates. The conduction equations
are

é =0 + Gy t0s*+ 0y =0 e (17)

Allside

(e -t)

e =k, A; ............. (18a)
9
=h Aty -t) (18b)
=k, A-2—2 (1) o (18¢)
9
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Oy :h)-Ah-(t(l) - to) .......... (18d)
H
Ae=2'p'(r(m)+Hg)'7g .......... (19)
H
AN=2'p'(r(m)+Hg)'7g .......... (20)
., _H
An=2 p (r(m)+Hg) 79 (21)
‘h Hg . H g
A=2"p  (ry, "‘7) > (22)
Theresulting Equation is:
ty =t (- NH1IGAG +C, 4, +Col +Q1-%+Q(%+Aw)] IC, . (2
Where:
R=1 or ....(24)
Q=Rar. (25)
Where:
T (26)
2
. o

The analysis of both chimney and absorption black ground walls is similar to the glass
analysis mentioned-above.

RESULTS AND DISCUSSION

In order to validate the results of the present work, a comparison with an
experimental work was carried out in Figures (3) and (4). In these figures, the variation
of exit air velocity and temperatures with heat flux at 12 am, 2 pm and 4 pm for five
days, using asphalt aggregates as an absorption black ground and 0.1 m periphery of
collector. Acceptable agreement was achieved with Shyia, 2002.

The conversion from solar radiation into thermal energy is at the ground surface.
The temperature in the center of the absorbing ground, mass flow rate and exit air
velocity increases linearly with the increasing of solar radiation intensity for three
kinds (sandstone, marble and asphalt aggregates), from the Figures (5) and (6), the
asphalt aggregate is the better ground for absorption because of its physical properties.
The results show that the collector periphery height from the ground has a large effect
on the performance from other factors which are flow fied, isothermal distribution,
mass flow rate, air temperature and exit air velocity as follows:
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From Figures (7) and (8), (D =7, 9 m) and (L=0.16 m) periphery height, the flow
field increases with increasing of the diameter and decreasing of solar chimney air
temperature due to increasing of inlet air volume that draft the heat from the system
and the air turbulence happens because of rotation. The air tends to rotate around any
low pressure area counterclockwise in Northern hemisphere (Ronald, 2002). From
Figures (9) and 10 at (D =7, 9 m) and (L=0.16 m) periphery height, air temperature
will increase with increasing of diameter, but decreases periphery height (L=0.1m)
because of much air mass that enters the chimney. The maximum exit air velocity was
found at the smaller diameter because of temperature differences which cause air
turbulence that cools some regions in the system, with heat flux (300-700 W/n) and
(L= 0.10 m) , asin Figure (11). Maximum temperature in the center of the absorbing
ground occurs at the larger diameter due to collector area exposed to the incident
radiation, with heat flux (300-700W/nr) and (L= 0.10 m), asin Figure (12).

CONCLUSIONS

1- The numerical results have good agreement with the experimental results of
Shyia, 2002.

2- Thebetter ground of the collector is Asphalt aggregates.

3- Maximum air temperature and maximum outlet air velocity both at collector
roof height 0.1m.

4- Increasing in collector diameter leads to increase of air temperature.

5- The Increase in periphery height leads to increasing in incoming air volume
and decreasing of absorbing ground temperature and then reduces the air
velocity.
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Table( 1) Values of constantsin the (K - €) model [12]
Cn Cp C, C,

0.09 100 144| 192 1.0

6m

Chimney concrete
Glass cover of collector \

Underneath soil 6m

Figure 1 Schematic Diagram of the solar chimney
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Figure (3) Comparison between numerical and experimental (Shyia, 2002)
Variation of exit air velocity with heat flux for five daysat L=0.1m
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Figure (6) Variation of air temperature with heat flux for three kinds of absorbing
grounds,D=6mand L=0.1m.
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Figure (7) Flow felid of air inside solar chimney with
heat flux (500 W/m?) for black absor bing floor
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Figure (8) Flow felid of air in solar chimney with heat flux (700 W/m?)
for black absorbing floor (Asphalt aggregates), D=9m, L =0.16 m.
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Figure (9) | sothermal contours of the complete solar chimney (air and walls) with heat flux (500 W/m?)
for black absorbing floor (Asphalt aggregates), D=7 m, L =0.16 m.
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Figure (10) I sother mal contours of the complete solar chimney (air and walls) with heat
flux (500 W/m?) for black absorbing floor (Asphalt aggregates), D=9m, L =0.16 m.
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Figure (11) Variation of maximum exit air velocity at L =0.10 m
periphery height of the collector.
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