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Optimization of a Cassegrainian Tower Concentrator with Innovative Horizontal Heliostats
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Abstract

Cassegrainian or Beam-Down type of tower concentrator is studied to optimize in terms of the
plant scale, the secondary size and shape and the combination with the newly des1gned horizontal
heliostat. The Cassegrainian tower concentrator has been designed mainly supposmg to receive
solar beams on the ground rather than on the top of a center tower like Solar I/Il in USA. This
study, however, supposes to build the tower with the Cassegrainian design: the solar beam is
received on the receiver plane at the top of the tower. Typical three Cassegrainian geometries,
ellipsoid, hyperboloid and plane, are compared in their solar concentrating features. The best
optimization is given to the hyperboloidal secondary and the planner mirror is also a good
candidate. The ellipsoidal secondary shows a similar optical characteristics to others but the
shape becomes unrealistically large size which causes the economical disadvantage as well as the

shadow problem on the field area.
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Fig. 1: Geometry of ellipsoidal secondary
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Table 1: Secondary concentrators studied in this

work
1| (0<)f<B | Ellipsoid
2 | (0<)B < ¢ | Hyperboloid (upper)
3 B=20 Plane
4 | —¢ < B(< 0) | Hyperboloid (lower)
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Fig. 2: Schematic geometry of tower concentrator
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Fig. 4: Schematic diagram of a horizontal heliostat

Table 2: Geometric optical character of the horizon-

tal heliostat
incidence angle  reflected frac. reﬂ(evc\;c/eizr)ad.
a<f cosf/cosa Gg = Ga
a=p 1 Gﬂ = G,
«>F 1 Gy = Guiig
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QOutermost radius of heliostat field : 50-1000 (m)

Height of laboratory tower (H) : 80 (m)
Half distance between two foci (£) : 10 (m)
Diameter of the heliostat : 3 (m)
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Table 3: Results of optimized concentration system with the relative radiation to the direct normal radiation

received in the field

field Radius of | Max. inci. | total radi. | total radi.
radius | Concent. receiver angle in field at focus
(m) (m) (deg) -) )

50 502 1.8 424 5407 5095
100 1067 24 453 23694 19573
150 1483 2.9 49.1 54280 38605
200 1812 3.2 49.6 97172 59836
300 2060 40 50.7 219939 105240
400 1952 5.0 52.0 391981 152304
600 1472 7.3 55.0 882605 246961
800 1043 10.2 58.5 1569664 341880

1000 718 13.9 62.4 2452056 435711
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Fig. A3: Solar beam reflection at the heliostat: a < 8
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Fig. A4: Solar beam reflection at the heliostat: a > f
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