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Development of a Solar Collector
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Performance of Cylindrical Parabolic Concentrating Solar Collector
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Summary

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.

So far the concentrating solar collector has beén developed to collect solar thermal energy at relatively
high temperature, but it has some difficulties in maintaining the volumetric body of solar collector for long
term utilization.

On the other hand, the flat-plate solar collector has beem#developed to collect the solar thermal energy
at low temperature, and it has advantages in maintaining the system for long term utilization, since it's
thickness is thin and not volumetric.

In this study, to develop a solar collector that has both advantages of collecting solar thermal energy
at high temperature and fixing conveniently the collector system for long term period, a cylindrical parabolic
concentrating solar collector was designed, which has two rows of parabolic reflectors and thin thickness
such as the flat-plate solar collector, maintaining the optical form of concentrating solar collector.

The characteristics of the concentrating parabolic solar collector newly designed was analysed and the
results are summarized as follows; .

1. The temperature of the air enclosed in solar collector was all the same as 50°C in both cases of the open
and closed loop, and when the heat transfer fluid was not circulated in tubular absorber, the maximum
surface temperature of the absorber was 118 - 120°C, this results suggested that the heat transfer fluid
could be heated up to 118°C.

2. In case of longitudinal installation of the solar collector, the temperature difference of heat transfer
fluid between inlet and outlet was 4° - 6°C at the flow rate of 110 - 130 £/hr, and the collected solar energy
per unit area of collector was 300 - 465 W/m?2,

3. The collected solar energy per unit area for 7 hours was 1960 Kcal/m2 for the open loop and 220 Kcal/m?
for the closed loop. Therefore it is necessary to combine the open and closed loop of solar collectors
to improve the thermal efficiency of solar collector.

4. The thermal efficiency of the solar collector (C.P.C.S.C.) was proportional to the density of solar radiation,
indicating the maximum thermal efficiency 7,,,=58% with longitudinal installation and nmax=45%

with lateral installation.
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5. The thermal efficiency of the solar collector (C.P.C.S.C.) was increased in accordance with the increase

of flow rate of heat transfer fluid, presenting the flow rate of 110 £/hr was the value of turning point of

the increasing rate of the collector efficiency, therefore the flow rate of 110 £2/hr was considered as

optimum value for the test of the solar collector (C.P.C.5.C)) performance when the heat transfer fluid

is a liquid.

In both cases of longitudinal and lateral installation of the solar collector (C.P.C.S.C.), the thermal

efficiency was decreased linearly with an increase in the value of the term Ty - Ta)/lc and the increasing

rate of the thermal efficiency was not effected by the installation method of solar collector.
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(October 11, and November 2, 1984)
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Fig. 2. Monthly average insolation on horizontal
surface for 10 years(’74— '83) in selec-
ted six loctions in Korea.
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Table 1. Monthly average solar irradiance and duration of sunshine for ten years at several locations
in Korea.

Imv : Monthly average solar irradiance Hmv : Monihly average duration of sunshine

e
1 2 3 4 5 6 7 8 9 10 1 12
(MJ/m?month) | 107.8 219.2 298.8 354.9 389.2 344.7 307.7 309.7 282.6 248.5 186.5 178.1
Gann-| Lnv KW/m? 0.281 0.348 0.461 0.483 0.467 0.577 0.629 0.559 0.487 0.388 0.318 0.275
8 Huv (hr) 195.5 175 179.9 204.2 231.6 165.9 135.8 154  161.1 177.8 163  179.9
oo |, [MI/mimonth 2324 265 3885 38 43 4616 LB ILE 3852 3.9 207.4 195.6
KW /m? 0.387 0.467 0.595 0.540 0.528 0.663 0.881 0.704 0.569 0.472 0.423 0.359
Huv (h) 166.8 150.4 1815 205.6 230.8 193.3 117.5 147.5 188.2 195.3 149.5 151.5
MJ/mimonth | 180.3 215.7 300.6 348.2 403  386.7 342.5 340.5 303.5 272.8 1685 158
Cheon-| ¥ o 0.310 0.374 0.415 0.451 0.479 0.523 0.581 0.508 0.444 0.396 0.323 0.289
8 1 Hav (ho) 1614 160.4 201.3 214.6 233.7 205.2 163.7 186.3 189.7 191.2 144.9 151.9
- MJ/mPmonth | 285.5 312.4 432.6 466.2 540.9 460.2 413.9 456.3 383.7 362.3 252.9 241.5
AL L e 0.447 0.471 0.571 0.631 0.684 0.797 0.814 0.708 0.641 0.501 0.435 0.363
Hav (h) 177.6 184.2 210.5 205.3 219.7 160.4 141.3 179.7 166.3 201  161.4 184.8
MJ/mZmonth | 248.7 295.9 411.8 451.8 534.7 472.3 437.1 481.2 426.7 376.3 253  222.4
Mokpo | oy 1 0.482 0.531 <0.595 0.640 0.650 0.742 0.793 0.650 0.612 0.513 0.464 0.443
Hav (he) 143.2 154.8 192.2 196.1 228.5 176.8 153.1 205.6 193.7 203.9 151.6 139.5
‘ MJ/mimonth | 140 195.5 317.3 392.9 549.1 467.9 477.7 478.7 371.1 319  205.1 163.3
el R ey 0.492 0.501 0.515 0.570 0.677 0.733 0.717 0.657 0.612 0.499 0.496 0.502
Huv (h) 79 1085 171.2 191.6 225.2 177.4 185.1 202.3 168.3 177.7 114.8 90.3
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Fig.5. Cross section of cylindrical parabolic

concentrating solar collector(C.P.C.S.CO)
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Table 2. Dimensions of two row cylindrical parabolic concentrating solar collector constructed for

this study

[tems Symbol Dimensions Unit
Geometric concentration ratio Cx 10.6 non
Diameter of circulating pipe do 12.0 mm
Aperture area Ac 18=><105t13§ m?
Gross depth of solar collector hg 0.18
Gross length of solar collector L. 1.88 m
Gross width of solar collector W 0.96
Gross solar collector area Ag lfflxgogs m?
Total length of heat transfer fluid pipe L, 3.6 m
Inside diameter of circulating pipe di 10.0 mm
Top width of parabolic reflector Lw 0.4 m
Shape factor 1o/Lw 9.0 non
Focus length f 57.7 mm
Minimum Distance from cover glass to focus center C 115.5 mm
Depth-of parabolic reflector h 173.2 mm
Thickness of cover glass De 3 mm
Depth of insulation ; Urethane D, 5 mm
Thickness of parabolic reflector ; polished stainless D 0.6 mm
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Table 3. Combination of Experimental Variables

Full Tracking

|

|

Direction of Collector Longitudinal Lateral
Installation Direction Direction
Circulating Mode of
Heat Transfer Fluid Open Loop Closed Loop
A
Items Variable . Measuring
1 U
of Measurement Symbols Range nit Apparatus ! Others
Incident Solar Radiation Computed with
on thes Solar Collector I 600 ~ 1000 W/m? Pyranometer Horizontal
Surface Insolation
c | Newly Composed Based on the Principle
ontro . .
Tilt Angle of Direct Solar
; 43-173 Degree
of Vertical B "Measuring Beam and
Collector Apparatus Gravitational Force
Angle Mea i
Angle Horizontal AH —45~ +60 Degree nate Measuring
Apparatus
50
70 .
Measuring Range ;
Fl ’
?low Ff{ateF;JfA:i{eat M 58 L/h (Folw tM'Ie‘ter (30~150 L/h)
ransfer Flui oat Type) Accuracy ; 0.5L/h
110
130
* Copper-Cons-
Inlet Temperature of . oPP n Measuring Range
Ti 18-24 C tantan
Heat Transfer Fluid (0 -200C)
Thermocouple
Copper-Cons-
Outlet Tempe.rature of T, 33— 80 c tantan .
Transfer Fluid
ba.Fhermocouple
Ambient T 12-25 .c Thermometer Under Shade near
Temperature Solar Collector
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