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~Development of Multistage Concentrating Solar Collector
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I. Thermal performance of multistage cylindrical parabolique
concentrating solar collector
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ABSTRACT

It is desirable to collect the solar thermal energy at relatively high temperature
in order to minimize the size of thermal storage system and to enlarge the scope of
solar thermal energy utilization.

In this study, to develop a solar collector that has both advantages of collectlng
solar thermal energy at high temperature and fixing conveniently the collector system
for long term period, a cylindrical parabolique concentrating solar collector (M.C.P.
C.S.C) was designed, which has several rows of parabolique reflectors and thin thick-
ness such as the flat-plate solar collector, maintaining the optical form of concentrating
solar collector.

The thermal performance of the M.C.P.C.S.C. newly designed in this study was
analysed theoretically and experimentally. |

The results are summarized as follows:

1) prediction equation for outlet temperature, T,, of heat transfer fluid and for the
thermal efficiency, 7, of the collector were derived as;
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2) When the insolation on the tilted solar collector surface, I, was 900 — 950 W/m?
and the heat transfer fluid was not circulated in tubular absorber, the maximum
‘temperature on the absorber surface was 100 — 118°C, this result suggested that
the heat transfer fluid could be heated up to 98 ~116° C.
- The maximum temperature on the absorber surface was decreased with the in-
crease of the collector shape factor, L,/L, |
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3) There was a good agreement between the experimental and theoretical value of
solar collector efficiency, n,which was proportional to the collector shape factor,

LP/ Lw.

4) 1t is desirable to continue the study on the -relationship between the collector

shape factor, Ly/L,, and the thermal efficiency of solar collector.
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Diurnal variation of solar global radiation on
the horizontal and tilted surface and diffuse
solar radiation,
L.T. = Legal time
(ST. = Solar time’
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Fig. 2. Cross section of cy]indrical parabo]ic concen-.
trating solar collector (C.P.C.S.C)
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Fig. 3.
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bolic concentrating solar collector,

Table 1. Dimensions of multistage cylindrical parabolic
concentrating solar collector designed in this
study.

Itema Syubol:J Unit Dizensions
Single row | Double rows ggagruple
Geometric Concet-
ration Ratio Cg None 22.3 11.15% 5.57
Diapeter of Tube
ular absorber
| pipe d, =a 3 23 4
Total Aperture
2 1,8x1.8
Area Ao B 21,612 1.52 1.512
Grosa Depth of
Solar Collector hg [} 0.27 0.175 0.16
Gross Lergth of
Solar Collector Lo m 1.88 1.88 1.88
Gross Width of
Solar Collectar L '] 0,96 0,96 0.9
Grosa Area of
S i 2 1.88!0.96
olar Collector Ag ® =1,805 1.805 1.80%
Total Length of
Tubular Absorber
Pipe Lp o 1.8 3.6 7.2
Inside Diameter
of mbsorber pipe dy [ ] 29 19 19
Top Widih of
Parebolic Reflectorny L, (] 0.84 0.42 0.21
Shape Factor of L
Solar Collector P/Ly | None 2,44 B.57 34,29
Focus length £ o 121.2 60.6 30,3
n ween
§§§§§ gﬂ?:&“s c am 22,5 121.3 60.6
Shéckreigsgf De ea 3 3 3
Eigxﬂ,.g{h}l“ylﬂ' Dy me 5 5 5
DhigknrapihiBere
{Polished Stainleasy Dy on 0.6 0.6 0.6
lp =720CM
Lw=21CMN
1’.53.;1-193:; Measuring
Points

Configuration of multistage cylindrical para-
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method (full tracking, F.T, and fix 45°)
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Fig, 9. Effect of collector shape factor t% on the
thermal efficiency of solar collector.
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installation (longitudinal and lateral direc-
tion) on the thermal efficiency of solar
collector,
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