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Abstract
Solar chimney technology is a very promising solar thermal electricity generating technology. Solar
chimney power plants have three major parts. A large circular greenhouse, a tall cylinder in the center of the
greenhouse named solar chimney and a set of air turbines, around or in the solar chimney, geared to
appropriate electric generators. In this project CFD technology is used to investigate the changes in flow
kinetic energy caused by the variation of tower flow area with height. It was found that the tower area change
affects the efficiency and mass flow rate through the plant. The divergent tower top leads to augmentations in
kinetic energy at the tower base significantly. The tower area ratio of 9 (Tower outlet radius 12m) can
produce higher kinetic energy than constant area tower. For the convergent tower, the velocity at the tower
top increases but the mass flow rate decreases in a manner such that the kinetic power at the top remains the
same as the constant area case. For the divergent case, maximum kinetic energy occurs at the tower base and
this suggests the potential to extract more turbine power than the constant area tower.
The results shows that the chimney height and Tower outlet radius and base area are very important
parameters for improving the gained power, and it is also important to choose the region with suitable mean
ambient temperature. And economically there are limitations to collector and chimney sizes to get suitable
profit output power and any increment in system size becomes a small percentage increment in profit output
power. The results are compared with some experimental data from the results of other researchers and there
is a good agreement between simulated and calculated results
Keywords: AR; SCPP;Solar chimney;CFD; Global Radiation

1. INTRODUCTION
In recent years, rapid developments of global economy and increase in population and living
standards have been posing great pressure on natural resources and the environment. Fossil fuels are being
exhausted at a fast rate, and utilization of fossil fuels together with net deforestation has induced considerable
climate change in warming the atmosphere by releasing greenhouse gases (GHG) which may produce many
negative effects including receding of glaciers, rise in sea level, loss of biodiversity, extinction of animals, and
loss of productive forests etc. Our over dependency on fossil fuels for our energy needs has lead us close to the
energy crisis and has caused various adverse effects on our environment as mentioned above. Therefore now
the biggest challenge before the energy pioneers and researchers is finding new ways of harnessing energy
from renewable sources that are sustainable and free of greenhouse gases (GHG) as well. The drawback of
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most of the renewable power technologies has been their unreliability as they can’t operate continuously for 24
hours or continuous operation is achieved only through hybrid systems using fossil fuels along with renewable
energy sources or through expensive and sophisticated energy storage facilities. These drawbacks have kept
the researchers busy in finding more and more alternatives ways to power our future. Solar Chimney power
technology is one of them and it promises a better solution to our current energy problems.
Solar Chimney power technology is a promising large-scale power technology, which absorbs direct
and diffused solar radiation and converts parts of solar energy into electric power free of GHG emissions. The
technologies for the SCPP components are simple and reliable, accessible to the technologically less developed
countries, which are sunny and often have limited raw material resources. Little maintenance and no
combustible fuel and no cooling water are required for SCPPs. A major problem of SCPP is its low conversion
efficiency as determined by the thermal performance of the system.
1.2
Proposed large scale Solar Chimney Power Plants: World wide
1.Enviromission Ltd. which took interest in building the 200 MW plant for Australia is presently working on
building 2 solar updraft towers in California with 200 MW capacities each. The power purchase agreement for
the first plant has been approved by the Southern california public power Authority in October 2010
2.Green Tower Ltd, a company authorized for constructing SCPPs had a proposal for building a 400 MW plant
in Namibia. In 2008 Namibian Government approved this proposal and the preliminary power purchase
agreement has been issued by Nampower
3.Green Tower Ltd. has a proposal to build a green tower in Rajasthan, India and the Power purchase
agreements are being negotiated at present. Negotiations with the UAE for cheap desalination, power + CO2
sequestration have been initiated
1.3
Theoretical and Experimental studies conducted on SCPP.
Jörg Schlaich, Rudolf Bergermann, Wolfgang Schiel, Gerhardm Weinrebe 2000 [1] described the functional
principle of solar updraft towers and gave some results from design, construction and operation of the first ever
prototype built in Spain. J.P. Pretorius and D.G. Kröger et al. 2005 evaluated the influence of a recently
developed convective heat transfer equation, more accurate turbine inlet loss coefficients, quality collector roof
glass and various types of soil on the performance of a large scale solar chimney power plant. Results
indicated that the new heat transfer equation reduces plant power output considerably.
In 1983, Krisst built a courtyard SC power setup with 10W power output. The collector base diameter and SC
height were 6 m and 10 m, respectively. In 1985, a micro-scale model with a SC 2 m high and 7 cm in
diameter and a 9 m2 collector was built by Kulunk in Turkey.

2. Working principle of SCPP.

Figure:1 Solar tower power plant
The solar tower power plant is shown in fig 1. Air is heated by solar radiation under a low circular transparent
roof open at the periphery; the roof and the natural ground below it form a solar air collector. In the middle of
the roof is a vertical tower with large air inlets at its base. The joint between the roof and the tower base is
airtight. As hot air is lighter than cold air it rises up the tower. Suction from the tower then draws in more hot
air from the collector, and cold air comes in from the outer perimeter.
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3. 3D Baseline CFD modelling and analysis of SCPP.
3.1 Geometric Model Creation:
Geometries can be created top-down or bottom-up. Top-down refers to an approach where the computational
domain is created by performing logical operations on primitive shapes such as cylinders, bricks, and spheres.
Bottom-up refers to an approach where one first creates vertices (points), connects those to form edges (lines),
connects the edges to create faces, and combines the faces to create volumes.

(a)

(b)

(c)
Fig.2 (a) CFD Model of Solar chimney; (b) Solar Chimney Nomenclature; (c) CFD Model of Solar
chimney sector 1o-Isometric View
CFD modelling technique is used to generate the prototype of straight SCPP which can be seen in the above
fig,2 (a).since the prototype is symmetric about its middle plane ,the analysis is done for 1o-Isometric View as
shown in (b).
3.2. Mesh generation:
A hybrid mesh is generated using ANSYS Mesh preprocessor. Many different cell/element and grid types are
available. Choice depends on the problem and the solver capabilities.Cell or element types. First, the surface of
the solar chimney is meshed with QUAD element. Then the QUAD element is revolved for 1degree. No of
elements is used for all the strokes approximately 10 thousands. For the mesh generation special care has been
taken to the zones close to the walls. In the proximity of the crest the mesh is finer than any other part of the
domain. The domain has been subdivided into growing boxes to make it easier to generate the grid. The choice
for the elements has been both Prism and hexahedral mesh volumes. Representations of the different meshes
that take part in the study are depicted in the following detailed figures.
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(a)
(b)
Fig.3 (a) CFD Domain Mesh (b) Close View of solar chimney mesh.
3.3 Boundary conditions
Following are the assumptions incurred on the present analysis:
• Flow is Turbulent
• Flow is steady and incompressible
• Segregated solver
Proper boundary conditions are needed for a successful computational work. At the roof inlet, the total
pressure and temperature are specified; whereas at the tower exit the ‘outlet’ condition with zero static pressure
is prescribed. The symmetry boundary conditions are applied at the two sides of the sector while the adiabatic
free-slip conditions are prescribed to the remaining boundaries, consistent with the frictionless flow
assumption. All test cases were computed until residuals of all equations reached their respective minima.
Moreover, global conservation of mass were rechecked to further ascertain convergence of the test cases.

Static Pressure Outlet

Wall-Free slip
Total Pressure and
Temperature inlet

Fig.4 Boundary zone names

Segregated solver is used for the computations which employs a cell-centered finite volume method.
A second-order upwind discretization is used for the momentum equation and a first order upwind
discretization is used for turbulent kinetic energy and specific dissipation rate.
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3.4 Results and Discussions:
In Fig. 5(a) the gauge pressure distributions are seen to be nominally constant under the roof before
falling gradually in the tower portion to meet the hydrostatic pressure value at the tower top.Rise of the
temperature at the tower base is the response to the abrupt velocity change, in accordance with the
conservation of energy principle. the velocity increases as it approaches the tower base and then remains
constant in the tower portion which can be seen in fig.5(b)

(a)

(b)

Fig.5 Contours of (a) static pressure (b) Velocity at mid plane.

4. Methodology for Optimization of Solar chimney Power Plant
A theoretical prediction will be examined first in order to guide the present work. The work of [8] proposed a
mathematical model for the flow in a solar tower; the results obtained compared very well with CFD results;
hence, it will be used as a starting point of this work. The equation proposed as,

……..(Eqn.1)
Since the work aim is to evaluate the potential, only a system without a turbine will be analyzed first to reduce
the complexity and the added uncertainty that come with the turbine. It is clear from the fig.1 that the
important geometrical parameters of the tower are seen to be the tower height (h), the tower inlet area (A3),
and the tower outlet area (A4) . To determine the shape effect of tower, the height and inlet area of tower are
fixed, and the outlet area is varied. It can be computed from Eq. (1) that, for a given ambient condition, and
fixed A1 and A3, as A4 increases, the (mv12/2) increases correspondingly. Guided by this mathematical model,
it appears that the kinetic energy might increase in proportion to the square of the tower area ratio (A4/A3) and
this is the main objective of this study. Hence various models of solar tower plant are generated with respect to
the above mentioned mathematical model and the behavior of the various configured models are analysed with
the help of CFD technology as follows.
4.1 Optimization 1- Tower outlet radius variation from 2.83m-16m.
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Figure 6: Nomenclature of SCPP for Optimization
In the CFD analysis ,CFX solves the mass, momentum and energy equations and gives the various flow
characteristics ( Velocity, Pressure, Mass flow rate, Power etc.).and these plots are compared accordingly with
respect to the Prototype model having fixed tower area(AR -1).the comparison plots are given as follows:
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Fig.8. Comparisons of velocity at different AR

Fig.7.and Fig.8 show the distributions of computed flow properties for different tower area ratio (AR). The
abscissa of all plots is the scaled flow path, equaling zero at roof inlet, one at tower top and 0.5 at tower base.
In Fig.7, the gauge pressure distributions are seen to be nominally constant under the roof, falls drastically at
the tower base and then starts rising gradually in the tower portion to meet the hydrostatic pressure value at the
tower top. As can be seen in Fig.8 at any AR, the velocity increases as it approaches the tower base. In the
tower portion, the velocity distribution depends on AR. For models with AR smaller than one, the velocity
keeps on increasing and attains the maximum value at tower outlet. On the other hand, for models with AR
larger than one, the flow achieves its maximum velocity right after entering the tower, and then decreases
continuously afterward.
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Fig.10. Effect of tower AR on the mass flow rate for

Fig.9.Shows the variation in dimensionless power, defined as the kinetic power divided by the kinetic energy
of the prototype at tower base. It is evident that high AR leads to augmentation in power at the tower base.
This suggests the potential of harnessing more turbine power from the high AR system. The effect of the tower
area ratio on the mass flow rate is presented in Fig.10.The results show that the mass flow rate rises and falls
with AR. In relation to the constant-area tower, convergent-top tower reduces mass flow rate and divergent-top
tower increases mass flow rate. A higher mass flow rate should give a lower temperature rise for an equal
amount of energy input.
4.2 Optimization 2: Roof Outlet and inlet height reduced from 4m to 2m

Fig.11.Optimization 2- Roof Outlet and inlet height reduced from 4m to 2m
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Fig.11 shows the nomenclature for SCPP to study the various configurations to check the optimized flow
properties
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Fig.12. Comparisons of Pressure at different AR

Fig.13. Comparisons of velocity at different AR

In Fig.12, the gauge pressure distributions are seen to be nominally constant under the roof, falls at
the tower base before rising gradually in the tower portion to meet the hydrostatic pressure value at the tower
top. For the plants with AR greater than one, there are swift dips at the tower base; the severities of the dips are
proportional to AR. The dips are direct responses to the temperature dips because the density is relatively
unchanged in a low Mach number flow. Note that the ordinate is the gauge pressure which was scaled such
that pressure at the tower top is always zero. Fig.13 show the velocity distributions for different tower area
ratio (AR). the velocity increases as it approaches the tower base. In the tower portion, the velocity distribution
depends on AR. Thus velocity up to 180m/s can be achieved for AR -9 as compared to the velocity 160m/s for
the same AR obtained from the optimization-1.
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Fig.15 Effect of tower AR on the mass flow rate

Fig.14 shows the variation in dimensionless power, defined as the kinetic power divided by the
kinetic energy of the prototype at tower base. It is evident that tower area with outlet radius 12m (AR- 9) leads
to augmentation in power-75 at the tower base as compared to that obtained from the power-42 from
optimization-1. This suggests the potential of harnessing more turbine power from the high AR system.The
effect of the tower area ratio on the mass flow rate is presented in Fig.15. The results show that the mass flow
rate rises and falls with AR. mass flow rate up to 28Kg/s can be achieved for AR-9 at the tower outlet.
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Comparison Plots: Roof inlet height 4m and 2 m

Fig16. Effect of tower AR on the mass flow rate
for insolation 800 W/m

Fig.17. Effect of tower area ratio on Power

2

The effect of the tower area ratio on the mass flow rate is presented in Fig.16 for reducing roof inlet height
from 4m to 2m.it is observed that the tower with roof inlet height-2m could give maximum mass flow rate
(28Kg/s) as compared to that of 23Kg/s for height-4m for the AR-9 (outlet radius-12m).Fig.17 shows the
maximum power obtainable for roof inlet height-2m.
4.3 Optimization-3:Roof inlet height variation with constant roof outlet

Fig.18 Roof inlet Height varied from 2m, 3m and 4 m keeping outlet tower radius at 8m and 12m
In optimization 3, the analysis is done to check the effect of roof inlet. Fig.19 show the distributions
of computed flow properties for different inlet height. As can be seen in Fig.19, at any roof inlet height/radius,
the velocity increases as it approaches the tower base. In the tower portion, the maximum velocity is obtained
at roof inlet radius-4m for tower outlet radius of 8m.
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Fig.20. Distribution of Power at different roof inlets .
It is evident from Fig.20 that the power obtained is maximum for roof inlet height 4m for tower outlet radius
12m.hence this configuration can lead to the augumentation of power as compared to that with 8m tower
radius.similarly the mass flow rate is expected to be increased which can be seen from the comparison plots
below in the Fig.21 .
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Fig.21 Comparison plots for mass flow rate and Power at different roof inlet heights.
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4.4 Optimization 4-Tower height variation

Fig.22 Nomenclature for SCPP with tower height variation
So far from the above discussions we were able to notice that the tower AR-9 with optimum roof inlet height
can enhance the flow characteristics with respect to straight solar tower plant.in addition to this ,the effect of
the tower height on the performance of the plant is analysed in the following discussion.Fig.23 shows the
variation of velocity and non dimensional power with in the various regions of the plant. It is clear that
,velocity and power are maximum for the tower height -150m
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Fig.23 Variations of velocity and Power at different Tower height for tower outlet radius-12m
4.4 Comparison plots: In Fig.24 the results show that the mass flow rate rises and increases for tower height
up-to 150m then maintains constant. It is evident that Increase in tower height leads to augmentation in power
at the tower base. This suggests the potential of increasing turbine power by increasing the tower height to
150m.
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5. Conclusions:
A solar tower system with varying tower flow area has been studied and its performance has been
evaluated. The results show that divergent tower helps to increase mass flow rate and kinetic energy over that
of the constant area tower. The tower area ratio of 12 to 16 can produce kinetic energy as much as 100 times
that of the constant area tower
• The simulation convenient to predict the performance of the solar chimney and that can save
the cost of the experimental procedures.
• It is concluded that the mathematical model can predict the performance of the chimney
equipment well, and this approach is also applicable to different-scale solar chimney thermal
power generating systems.
• For a required electric power output, It can obtain many combinations of chimney and
collector dimensions by the simulation.
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