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Thermal analysis of solar cavity receiver

Milad SheikhMohammadi®, Arash Mohebbi®”, Aref Mardani®, Maziar feizolahzadeh?,
Reyhaneh Loni®.

Abstract

This paper presents an analytical study of various parameters that affect the thermal efficiency as well
as the total heat losses of the cavity receiver of solar dish collectors. The receiver is in three different
types of conical, semi-spherical and cylindrical and has a depth of 15 cm, inner diameter of 10 cm and
consists of about 18 rings of copper tubing with thermal insulation of ceramic wool. The effect of wind on
the tests is taken into account. Experimental tests were performed under 700 W / m? Solar irradiation and
0, 30, 45, 60 and 90 degrees inclination angle. An analytical model developed based on its structure and
various Nusselt number relationships is proposed to evaluate the heat and radiation losses of the cavity
receiver. It also provides the possibility to predict total heat loss in order to determine the receiver
efficiency at a particular angle. The results showed that the inner wall temperature of the receiver was
dependent on the concentration coefficient and intensity of the solar radiation and the average radiation of
the area under test and the coefficient of concentration 225 was obtained for the cylindrical, semi-
spherical and conic receivers. For the internal temperature of the receiver equal to 657, 701 and 734
Kelvin; convective heat loses values of 213.7, 163 and 147.5 W, radiative heat losses of 9.2, 6.2 and 5.6
W, maximum useful heat of 691 , 693 and 694 watts, useful heat of 480, 532 and 548 watts, maximum
thermal efficiency of 98.7, 99.1 and 2.99, minimum thermal efficiency of 68.6, 76.1 and 78.4, maximum
outlet water temperature 3 34.34, 34.4 and 34.4 and the minimum outlet water temperature were 31.7,
32.4 and 32.6 K, respectively obtained.

Keywords: cavity receiver, heat Loses, Nusselt Number, Thermal efficiency
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