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Study of Three-dimensional CPC (Compound Parabolic Concentrator) Solar Collector
(Ist Report ; Experiment and optimal analysis of three-dimensional CPC solar collector)
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Abstract

In this paper, the authors propose an innovative stationary three-dimensional (3-D) compound parabolic
concentrator (CPC) solar collector, which has excellent thermal efficiency for a high-temperature (100 °C -
250 °C) thermal effective application (i.e. solar thermal electric generation system). In the past studies, in
order to improve the thermal efficiency of the solar collector in high temperature range, very high
concentration and the tracking system has been used. However, the conventional high concentration solar
collectors are not cost-effective and inappropriate for small scale thermal electric generation. The proposed
3D-CPC collector has a moderate concentration ratio and need not tracking the sun. First, the thermal
performance of the experimental 3D-CPC collector is tested. Next, numerical simulations of the optical
characteristics of the 3D-CPC collector were carried out with the ray-tracing method. Finally, the
specification of the optimal 3D-CPC collector was defined.
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Fi.4 iew of the tentative 3D-CPC solar collector module

Double-Glazing
(Glass, thickness: 3mm T,
+Kr Gas Layer, thickness: 8mm
+Glass, thickness: 3mm )

Insulation
(Ceramic Fibers,
thickness: 10mm)

- 1/ D P e g
E i\ - 47 27 Aluminum 3D-CPC " ?CPC = ||'?Sl:3|aeﬁgnamng)86£ %?I/smIZ y
mm Reflect Air temp. 4.7 °C
" = B0 g —— e Wind speed 5m/s
<50 8 T A
oy T
Working Fluid § 40
Insulation —_|, Ir;su:(a:litzner & -
(Ceramic Pouders. | thckness:0mm 2 30 RN
. B 3-D CPC ~
Casing(Wood, . A‘fj;"'r‘\% o 2 20 | single glazing, Air filled
thickness: 12mm) Kr Gas Layer thickness: 2mm) 8 Insolation 874 W/m?
(thickness: 8mm) 10 Air temp. 7.2°C
Fig.1 Outline of the tentative 3D-CPC solar collector module Wind speed 2 m/s
0 L . L L 2 It
0 002 004 006 008 01 012 014 0.16 0.18 0.2
B = r—Full CPC (T,-T I, K-m2W
:, ) : ;' Fig.5 Result of performance test of 3D-CPC collector and
; ! expected data of improved 3D-CPC collector
[ d, i Truncation
- Table 1 Thermal properties of compositions of the tentative
% » 8, Half acceptance angle 3-D CPC collector"®
e e . . Thermal
u Density | Specific heat conductivity
3 .
[kg/m’} | kI/(kg*K) W/(m-K)
d " Reflector Working fluid (water) | 999.8 4213 0.562
N o — Glass wool 16 0.8374 0.0493
Fied C ) f\hAgsI())rg?Drcd!S; Ceramic powders 200 0.9 0.022
ig2 Cross section of the JD-CPE reflector Ceramic fibers 160 1.05 0.034
Krypton gas 2.554 0.2486 0.0124
Working fluid Air 0.881 1.015 0.0331
A= 844mm outT *Reference Temp.: 100°C
<(%MWMM¢WW\/» Table 2 Specification of the tentative 3D-CPC solar collector
¢ ) E Effective aperture area, S, m’ 0.205
¢ ) 2 Tilt angle ° 45
((MW%WAM«» i Azimuth angle ° 0 (due south)
D Flow rate liter/min 0.4
. ¢ VNN N N N A ) Half acceptance angle, 6, ° 32
Working fluid Truncation ratio, H/H — 0.62
IN Absorber disc diameter, d; nmm 15
Reflector  Aperture area  pead space CPC aperture diameter, d, am 27
Fig.3 Configuration of reflectors and absorber pipes Concentration ratio, C - 32
(AxB = 0.205m?) Reflectance of reflector - 0.88
Transmittance of cover
Single glazing - 0.92
Double glazing 0.80
Absorption of absorber, o — 0.95
Emissivity of absorber, & — 0.3
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Table 3 Conditions of the present ray tracing analysis

Simulation period days 365
Sendai, Japan
Place - (Lat.38°,
Long. 140°)
Tilt angle ° 30
Azimuth angle ° 0 (due South)
Operating temperature, 7, C 200
Absorption of absorber surface,a — 0.95
Emissivity of absorber surface,g, - 0.1
Reflectance of CPC reflector, — 0'8.8 (vc?rtlcal
direction)
Transmittance of cover, t3, Tp - 0.92
Thickness of Kr gas layer, d m 0.025
Thermal conductivity of Kr, 1 W/mK 14.9x 103

Hexagonal 3D-CPC

Fig.6 Newly proposed hexagonal 3D-CPC reflector''®
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Fig.7 Energy fraction reaching absorber for various H/H e,
(8,=30°, Conventional 3D-CPC)
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Fig.8 Energy fraction reaching absorber for various H/Hyax
(6,=30°, Hexagonal 3D-CPC)
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Fig.9 Annual thermal efficiency for various 8, and H/H,
(Conventional 3D-CPC)
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Fig.10 Annual thermal efficiency for various &, and H/H,pa
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Conventional

035 — Hexagonal 3D-CPC (Single)

. 3D-CPC module (8, =40, H/H .= 0.5)

(8, =30, H/H 5= 0.2)
0.30 |
025 |
0.20 Conventional
3D-CPC module (8, =40, H/H,,,,= 0.5)

0.15
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Fig.11 Monthly thermal efficiency of the conventional and
hexagonal 3D-CPC solar collector
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(a) Conventional 3D-CPC
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Fig.12 Optimal design of the conventional and hexagonal
3D-CPC reflector
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