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Concentrating solar power (CSP) technology
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Various temperature heat collecting
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Working temperature for different solar collectors
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Note: adapted from the IEA Solar Heating and Cooling Implementing Agreement.

https://webstore.iea.org/technology-roadmap-solar-heating-and-cooling



Comparison of collector efficiency

Swimming pool DHW and space Absorption cooling
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Challengers of solar collectors

Flat Plate solar collector Vacuum tube solar collector
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> Low temperature (<80°C) > Low temperature (<150°C)
> Low efficiency > High efficiency

» Building integrated

> Low cost

> High reliability



Pulsating heat pipe

Condenser
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Khandekar et al., 2003, An introduction to pulsating heat pipes, Electronics Cooling, Vol.9, No.2, pp.38-41.



Novel design of the solar collector

CPC+PHP

«Same scale to plate solar collector
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Design

Development of the CPC-PHP solar collector
= North-south orientation
= East-west orientation

Water tank\

Inlet pipe

PHP evaporator
PHP condenser

Numerical simulation of the solar collector

Experimental study of the solar collector
» Operating characteristics of the PHP absorber
= Heat collecting efficiency of the solar collector



Design: Orientation

Water tank\

North-south orientation
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Advantages of the novel solar collector
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convection convection N /IR
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» CPC results in an increase in heat flux of PHP absorber so that
the heat transfer capacity of PHP is fully utilized.

» The heat loss decreases due to the decrease in hot surface area.

» The diameter of PHP is usually less than 4 mm. When PHP is
used as absorber, the size of CPC can be the same as plate
solar collector.



Numerical simulation of the solar collector
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Temperature distribution

Contours of Static Temperature (k)




Temperature distribution
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Test rig: the solar collector prototype
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Characteristics of the PHP absorber

Measured solar irradiation intensity & temperatures vs local time
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Characteristics of the PHP absorber

Thermal resistance of PHP absorber
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Characteristics of the PHP absorber
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Characteristics of the PHP absorber

Heat-collecting efficiency of PHP absorber
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Collector efficiency vs (T,-T,) (T,=(T.+T_)/2)
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Another design

Wood plate Glass cover Hoop ' Insulation
Capillary Distribution tube

Materials: CPC - ABS; Frame - wood



Solar collector — new design

Solar pyranometer
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Modification: (1) water tank is underneath the PHP; (2) capillary tube
is used instead of PHP; (3) better insulation is installed; (4) working
fluid is R134a; (5) collecting efficiency is higher than 70%.



Collector efficiency

Comparison of collector efficiency
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Conclusions

O The collector shows start-up, operational and shutdown stages
with the starting and ending temperature at 75 °C.

0 The thermal resistance of the PHP absorber decreases with the
Increase in ambient temperature, solar irradiation intensity, and
evaporation temperature. It can reach nearly 0.25 K/W.

O A concentration ratio of 3.4 is appropriate and the use of CPC is
reasonable.

O The novel design offers a promising efficiency of 50% (HFE7100).

O The efficiency of the collector can reach up to 75% using R134a.
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