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Design of wall-mounted solar collector with concentration by a parabolic
mirror
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Abstract

The objective of this study is to evaluate the performance of vertically mounted solar collector with a parabolic
mirror for solar concentration to boost the energy density. A flat absorber is attached to the bottom of the parabolic
mirror. Ray-tracing simulation was employed to estimate the recovery of solar irradiation and to find out the optimal
settings of the geometrical parameters of parabola shape such as the focal length and the inclined angle. The system is
assumed to be within the depth of 100 mm for being mounted on a wall. The objective function to be maximized was
the energy intensity of solar irradiation captured on the absorber in winter season, i.e. from November until February.
It was derived from the sensitivity analysis of the design parameters that the focal length of 95 mm and the angle of
25 degree would be optimal. The parabolic mirror effectively collects the sunlight so that the reflected sunlight
contributes to 74-79 % of the solar intake every month. From the viewpoint of annual performance, it was predicted
that the proposed system would provide quite high energy density in winter while very small one in summer, which is
considered preferable because the behavior is in accordance with the change of heat load for residential buildings

during a year.
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Fig. 1. Cross-sectional view of CPC consisting of two
parabola surfaces.
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Fig. 2. Cross-sectional view of linear solar collector with a
parabolic mirror.
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Fig. 3. Effect of focal length and inclined angle on the shape
of parabolic mirror.
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Fig. 4. Effect of focal length on the position of focus in x.
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Fig. 5. Effect of design parameters on the cumulative solar
energy intensity on the absorber area.

Kb A ) F—



B - B - il

O 20deg ® 25deg ® 30deg 40deg
4000
fg 3000
=2 L
= . e 2 (.) O“O o
>
@ 2000 ° ® O
C
g {
>
2 1000 L
()
c
i
0
0 50 100 150

Focal length (mm)

Fig. 6. Effect of design parameters on the cumulative solar
energy density on the basis of aperture area.
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Fig. 7. Behavior of sunlight reflection with the optimal
design settings (Azimuth=South).
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Fig. 8. Contribution of parabolic mirror in comparison with
direct solar intake.
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Fig. 9. Behavior of mirror efficiency during daytime.
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Fig. 10. Comparison of monthly accumulated solar intake by
the proposed system with conventional flat plate solar
collectors.
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Fig. 11. Cumulative solar intake of each section of the
absorber. (Section1= at the bottom of the mirror, Section5= at
the wall surface)
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