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Figure 8.1. Solar furnace used by Lavoisier in 1774. Tllustration courtesy of Bibl.iotheque
Nationale de Paris. Lavoisier, Oenvres, vol. 3.

Figure 8.2. Parabolic collector powered a printing press at the 1878 Paris Exposition.
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Figure 3.17. Evacuated-tube solar energy colleciors: (a) flat plate; (b) concentric tubular; (c)
concenirating; (d) vacuum bottle with slip-in heat exchanger contacting rear surface of receiver.



Figure 3.38, Examples of commercially developed multifaceted and

concentrators: {a) multifaceted mirror.
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Figure 3.25. Focusing of parallel rays of light using circular mirrors with different rim angles.
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Figure 3.26. Concentration by parabolic reflector for a beam (a) parallel to the

axis of symmetry, and (b} &t an angle to the axis.
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Figure 3.43. Ray tracc diagrams of the (ubular CPC collector at three values of incidence angle: (a)
normai Incidetice: (b} intermediate; and (c) the limit of acceptance. (Courtesy of W. Mclntire, Argonne

Nationa? Laboratory.)
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Flgure 3.36. Mceasured optical efficiency of o PTC in norih-south and caat-wes
orientations [65). Adapted from Kreider [43].
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MEEM 4200 Principles of Energy Conversion

Solar Water Pumping System
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Figure 3-21  Solar powered water pumping station
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Figure 13-18 Overall view of Solar One, a 10-MW(e) {peak) central-receiver pilot powerplant near Barstow,

California.
1‘ North 4105 H— fNorlh
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S, I Heliostat
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Figure 13-1¢ Optimum heliostat field
shapes oriented for the northern hemi-
sphere: (2) small plant < 100 MW(t)
and (b) large plant > 5000 MW(t).
Dimensions in multiples of receiver-
tower height H [118].
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Mirror module
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Drive
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Figure 13-8 A typical glass-heliostat system,
rear view (McDonnell Douglas.)

The Heliostat Field

The heliostat field supplying a central receiver, also called the collector subsystem,
has a shape that must be optimized to suit the topography of the area and the power
level of the plant. The field may be on a flat terrain, on the side of a hill, etc. In the
northern hemisphere, the noontime sun is always south of the central-receiver tower,
so a north field is usually most cost-effective because its cosine loss (below) is least.

For small plants, of iess than 100 MW of thermal-energy input, a totally north
field is optimum (Fig. 13-10a). As plant size increases, the field becomes larger and
many heliostats are farther from the tower. The atmosphere around the plant attenuates
the reflected radiation from the most distant north heliostats. The receiver input can
then be improved by relocating the distant heliostats to the east and west of the tower
and, as plant size increases further, to the south of it (Fig. 13-105). In such cases,
the additional cosine loss is less than the atmospheric attenuation loss from the distant
north heliostats.

Figure 13-9 A typical plastic heliostat system (Boeing.)
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Flgure 13-13 Typical central receivers: () four-aperurt cavity type and (b) exiemal type [118).
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Solar incident radiation

s Central

receiver

NG

[
( Reflected \
radiation \
[
[
Tower{ \\
[ 1
[
[
I\ \{ \ Heliostats
[ \

TFurbine-generator

Dry-cooling tower

é Thermal Direct-contact
P storage condenser

ANNANNAANL T

LI
TIITT

Pumps

Figure 13-7 Schematic of a solar-thermal central-receiver system powerplant.

to the storage system, instead of to the receiver, where it vaporizes for use i
turbine. Proper valving in the system allows operation in either mode.

Because solar-thermal electric plants are most likely to be located in hot arid
where land is plentiful (for the large heliostat field) and where the sun’s ener
plentiful and dependable, but where cooling water is scarce, the condenser wa
most probably cooled by a dry-cooling tower. Such towers are less effective and «
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Figure 8.20. Schematic of Solar Two central-receiver plant configuration (Adapled from (8)).
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Figure 8.21. Schematic of the Shenandoah Solar Total Energy Project [8].
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