Solar refrigerators – influence of collector concentration ratio on performance
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A recent paper took a holistic view of solar-assisted refrigeration systems. The paper considered alternatively flat plate or parabolic trough reflectors and gave encouraging support for the use of parabolic troughs in more Northerly latitudes – principally Europe. However, experimental evidence is published for one trough type only, with a concentration ratio of 71. In this new paper we formulate a simple model for collector efficiency as a function of concentration ratio. We consider a single axis-tracking collector with changing incidence angle and focussing on an evacuated tube. We proceed to investigate the effect on performance of concentration ratios, C,  between 1 and 71. A high concentration ratio, C, reduces unwanted heat loss per unit area of collector but also means that diffuse and reflected irradiation is rejected. We simulate and investigate the influence of C at four latitudes (Algiers, Bordeux, Bristol, Oslo) in terms of (1) the critical value enabling high performance, double-effect chillers to be used (2) the optimum value for single-effect and double-effect chillers. The double-effect chillers require hot utility in excess of the normal boiling point of water, forcing a choice of heat transfer fluids that in turn is coupled to our optimisation. 

