Homework # 1
The Solar Chimney
One possible scheme for generating electrical power is by means of a solar chimney, or

solar tower. A schematic of the tower is shown below (from Wikipedia), and a
photograph of a prototype tower in Spain is also shown.
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http://en.wikipedia.org/wiki/Solar_updraft_tower

Solar Tower technology has been tested and proven with a successful small-scale pilot plant constructed in
Manzanares Spain. The pilot project was the result of collaboration between the Spanish Government and
the German designers, Schlaich Bergermann and Partner.

The plant operated for seven years between 1982 and 1989, and consistently generated 50kW output of
green energy.

The pilot plant conclusively proved the concept works and provided data for design modifications to
achieve greater commercial and economic benefits associated with an increased scale of economy.

http://www.enviromission.com.au/project/prototype.htm




Air is heated near the ground by trapping solar radiation in a flat, circular glass-roofed
greenhouse. The heated air rises in the tower, and the updraft is used to drive a turbine
(or several turbines). That this might work can be seen in the sketch below. Because the
hot air within the tower weighs less than the air outside the tower, one sees that there is a
lower pressure at the center within the tower (p;;) than at ground level outside the tower
(p,). Based upon an overly simple hydrostatic model, the hot air flows inwards, acquires
energy, and continues up the tower.

1 e
L
- g - ———-
[| ¢ '|
L 5 |
\M\ e | ggq-.. \
s — T_ té -ﬁ-—-—-?b ' b“ Fo

po = p2 +pnghT
Py =Dy +pgh = p, +p.gh,
P, =P, = (pn _pi)ghT = ApghT

If we want quantitative information—and we always do—we must improve the model.
The assumptions are that:

density p=p; everywhere inside the greenhouse and tower;

density p=p, everywhere outside the device;

cross-sectional area of the tower =A, is constant;

ignore the details of heat transfer from the sun. Simply assume

that the function of the sun/greenhouse is to bring the air to density to p=p;

The energy flux across any cross-section of the tower is 1 pU,’ 4,. The maximum rate
2 1

that energy can be extracted from the flow in the tower is this quantity. Thus
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Model I: Assume no losses in the system, and use Bernoulli’s equation to estimate
the flow velocity within the tower, and hence to estimate the power out. Since this
estimate does not account for losses, the estimate will be extravagantly optimistic.

Model II: Include the turbine(s)—the driving pressure drop across the
turbine(s)—and the losses in the rest of the system. Specifically, for the sketch below, let
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p,—D.,=K,....=pU,  ,forthe turbine pressure coefficient,

2
and—for the duct loss at the base of the tower—Ilet
1 2
P, — Py = KDuct EpiUZ .

Use Bernoulli’s equation—including the loss terms—to add up all the pressure drops in
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the system from “0” to “2”. Equate this required pressure drop to the available pressure
drop,
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The power extracted by the turbine will then be

1
Power = (pl _pla )AlaUla = KT Elinla3Ala .

Questions:

1. Write an expression for the maximum power output using Model I. Take the design
numbers for the proposed Australian tower to be: ht = 1000 m, for the central tower, D =
150 m, T, =290 K, T; =320 K, and let A, >> A,. Compute an estimate for the velocity
U,, for the mass flow, and for the maximum possible power out, P,x. Comment.

2. Write an expression for the power output using Model II. Take the turbine pressure
coefficient to be Kt = 0.85, and the duct losses as Kp =0.6. Let A1 = A, and let Ajp =
A,. Compare the final expression with the previous expression derived in 1. Comment.
For the particular case A; = Aj, estimate the velocity U; = U, = U, the mass flow, and
the power out.

3. Part of the design problem might be to site the turbine in the an advantageous position
in the duct. Discuss how you might determine the most advantageous position—in terms
of the cross-sectional area—for the turbine site. That is, let A be different from A, and
choose it most advantageously.



