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Abstract

Heat losses from receivers for a dish-type solar energy collecting system are numerically
investigated. The analytical method for predicting conductive heat loss from a cavity receiver is
used. The Stine and McDonald Model is used to estimate convective heat loss. Two kinds of
techniques for the radiation analysis are used. The Net Radiation Method that is based on the
radiation heat balance on the surface is used to calculate the radiation heat transfer rate from the
inside surface of the cavity receiver to the environment. The Monte-Carlo Method that is the
statistical approach is adopted to predict the radiation heat transfer rate from the reflector to the
receiver. Based on the heat loss analysis, the performance of two different receivers for

multifaceted parabolic solar collectors with several flat facets can be estimated, and the optimal
facet size i1s obtained.
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Table 1. Summary of reflecting surfaces

Number Projection Geometric
Mirror Type of Area of Cr
Mirrors | Mirrors [l (AYA)
parabolic dish .
I.(IE;I:S of 1m dia. and 15 11.33 111.3
T 3m focal length
100 by T0mm | gae | 1908 | 1894
flat facet |
150 by 150mm | gy 19.18 1884
flat facet
Multi-
faceted | 20DV A0mm o b g0 L 1875
) flat facet
mirrors f— -
20 by 20mm | ac | 908 | 1865
flat facet
300 by Xmm |y, 1887 1854
flat facet

Table 2. Assumptions for guantitative analysis

For the Reflectivity 085
mirrors
For the Thermal conductivity of the 0.046
cavity insulation{Glass Fiber) W/m-K
receiver | Absorptivity of the inner surfaces 0.8
Solar beam irradiance received for
normal incidence 800 W/m’
Solar on the reflectors
Input T .
standard deviation of gaussian 0967
distribution{ 6 ) '
Ambient temperature » T
Weather ) :
Wind velocity 35 m/s
67
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Fig. 6. The geometry of receivers (a) Conical
type, (b) Dome type™
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Table 3. The reflectivity for incoming solar

radiation
. ceeiver Type Conical %] | Dome [%]
Mirror Type
100 by 100 mm 3525 2.871
150 by 150 mm 3743 2.993
200 by 200 mm 4.066 3.185
250 by 250 mm 4.503 3.465
300 by 300 mm 4.804 3.624
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Table 4. Predicted receiver heat loss data for 200x200mm multifaceted parabolic concentrator
. | | , | Radiative Heat Loss [W]
Receiver| Working | Spillage Conductive Convective Total Heat
Type |Temp.C]| Loss (W} | Heat Loss [W]| Heat Loss (W] Suﬁape Surfac_:e Loss [W]
Emission | Reflection
100 12 17 62 oY/ 527 670
125 12 23 92 73 A 727
Conical 150 12 29 126 P9 527 793
175 12 35 162 130 527 866
200 12 41 201 166 521 M7
100 | 12 28 80 70 413 603
125 12 38 119 100 413 662
Dome 150 12 47 162 137 413 771
175 12 57 209 182 413 873
200 12 66 259 236 413 986
e} 24oi| L X| (Solar Energy) Vol. 20, No. 3, 2000 69
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