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Cooling Power Enhancement of CPC (Compound Parabolic Concentrator) Sky Radiator
(Ist Report ; Optimal Design and Experiment for 2-D CPC Sky Radiator)
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Abstract

In order to enhance the performance of sky radiation cooling, we have proposed a compound parabolic concentrat-
ing (CPC) sky radiator. The CPC-type sky radiator has following features; the incident sky radiation within the accep-
tance angle is concentrated and absorbed by the radiating surface after one or more reflections on the mirror, While, the
incident sky radiation which does not fall within acceptance angle is reflected by the mirror and returned back to the sky
without being absorbed. On the other hand, almost all of radiation emitted at the radiating surface passes through the
aperture cover, and are rejected to the sky, either directly or with one or more reflections. Therefore, the total amount of
the radiation emitted from the radiating surface will become larger than that of the conventional flat plate sky radiator.

In the present paper, we optimize the 2-D geometry of the CPC sky radiator and conduct experimental verification.
The results demonstrate that the improved 2-D CPC sky radiator has greater performance of cooling power than the
previous CPC sky radiator, which was originally designed as the solar collector. Further, a universal plot using Pp/R and
ATIR was proposed for better understanding to include atmospheric radiation and heat losses.
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Table 1 Typical climatic conditions in summer and winter

Summer Winter
Ambient Temperature [C] 21 0
Relative Humidity [%] 80 40
Cloudiness 0 0
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Fig.3 Calculation result of atmospheric emissivity vs. zenith
angle in summer and winter
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Fig.4 Ilustration of the ray tracing (in case of , = 30" )
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Fig.5 Simulation models of CPC sky radiator
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Table 2 Optical properties of each constituent element

Emmitance Reflectance 'ljrans- Reflection
Absorptance mittance
Radiator ] 0 0 diffusive
pipe
Reflector 0 1 0 mirroring
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Fig.6 Result of spectroscopic analysis of Polyethylene film
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Fig.7 Optical properties of polyethylene film
for directional radiation
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Fig.11 Illustration of improved CPC sky radiator
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Fig.12 Photo of the experimental apparatus

Table 3 Thermophysical properties™

Specific Specific Thermal
Material gravit heat conductivity
kg/m ki/(kg K) W/(m-K)
Water 999.8 4213 6.562
Ethylene Glycol 1060 3.798 0.256
Aluminum 2690.7 0.8808 235.93
Copper 8917.6 0.3806 401.22
Urethane foam 33.26 1.129 0.034
Glass wool 16 0.0502 0.00246
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Fig.13 Time variations of temperature and amount of
atmospheric radiation (Data: January 19, 2001)
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