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Optical and photogrammetry study of parabolic dish concentrator
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Abstract : Renewable energy generation is becoming more mev&dday. It is relevant to consider that solar
concentration technologies contribute to providea alternative to the consumption of fossil fuéteremental
improvements in existing energy networks will net ddequate to supply this demand in a sustainaije 7o
cure this problem, Tunisia decided to invest in fileéd of renewable energy and essentially thersefeergy,
especially that Tunisia has an important solar gnegrotential about 4,8K wh/day. Recently mediumhhig
temperature application is an important topic i $blar energy field.

The purpose of this work is to improve the perfons&of mobile parabolic dish was developed andzedlin
Research and Technology Centre of Energy in Bornj@edunisia (CRTEN). In this order an optical and
experimental study is carried out and a descriptibphotogrammetry has been done which used tardate
geometric error of the system.
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1. Introduction

The world energy demand is projected to be doubye?l050 and will be tripled by the end of the centu
[1]. The actual classic types of energy will not dapable to supply this demand in a sustainable Wwhg
thermal performance of the concentrating collectoisensitive to the optical and geometric pararsei#e can
mention numerical and experimental studies of aptBPC parameters have been done to obtain thenapti
thermal performance. Authors [2, 3, 4, 5] used Mofarlo ray tracing method to determine the thermal
performance of SPC based on optic and geometriiestuand validated experimentally. Zhigiang et[@].
presented a procedure to design a facet concemthe@t@ptimum size and position of each facet &tershined
using Monte Carlo ray tracing analysis to achidwe most concentrated flux. Nepveu et al. [7] presem
global thermal model of the energy conversion of t0 kWel Eurodish dish/Stirling unit erected aé th
CNRSPROMES laboratory in Odeillo. Using optical sw@ments made by DLR, they calculated the losges b
parabola reflectivity and spillage. A nodal methisdised to calculate the heat losses in the caklitg. model
gives results fitting with experimental measurersehbkeswaran et al. [8] compared experimentalgrrial
performance, optical efficiency, heat loss factod aooking power of solar parabolic dish cookersbfth cases
with and without porous medium made of scrap mate@ptical Analysis of 3-D static elliptical hyjeroid
concentrator, using the ray tracing technique le@nlpresented by Ali et al. [9].

2. SPC Optical efficiency

Optical losses of solar concentrator can be vegyiitant due to multiple reflections and refraato
which differ according to the optical charactedstof the reflector. The following equation form.E#)) can be
used to perform an approximated optical efficieanglysis as.

Ny =V ApPTa cosd L

Where A, pand 7@ are the factor of un-shading, dish reflectance madsmittance—absorptance product,
respectively. ) is the intercept factor of receiver, which is definas the ratio of the energy intercepted by the




receiver to the energy reflected by the focusingiate & is the incidence angle of solar beam into the
which is equal to zero degree, therefore the 1) can be written as:

Ny =VApra )
In practice,there are optical errors associated with the ojmeraif the collector that will affect the interce

factor in addition to the fact that solar rays are@dent from different directions covering the aotlisk. The
intercept factor can be given in tei of collector geometry and optical errors as [10]:

y= jf doF(6)
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0, is the standard deviation of the total errors it ba written a:
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Where O ica » Ogope . O specutar » Pdisplacement » Prracking @Nd Ty, are respectively standard deviations of the

optical errors, slope error, specular error , nemedlisplacement error tracking errors and surre

The optical performance of the concentrating ctdleés sensitive to the optical errors. In pice, there are
many techniques of optical measurement used tyzmahe optical errors and hence determining therdept
factor like photogrammetry.

3. Optical Study of SPC: photogrammetric technique

3.1. Photogrammetric technique

This methoddetermines the exact deformation of the reflectat ibss geometric error related to the id
form, as well as the exact position of the absoribars technique uses a high resolution Camera N800
set."Targets" should be placed on all the poinst need to be measured. Adapters are provided teure
different features such as holes, ridges or otpecific points of reference. Subsequently, the dbsust be
photographed from different angles, planes and ifferént directions. These imagese uploaded to the
computer and then processed with the managemeaensgoftware. The system automatically calculates3D
coordinates of all the points with "targets". Thadcalation is based on the principle of using tgialation
between the space$the images (photogrammetn11].

(a) photographed real solar parabolic (b) Camera Nikon D300
concentrator

Figure 1Photogrammetric technique: (a) photographed rdar parabolic concentrat@nd (b) Camera Nikon
D300 [11].

3.2. Geometric study of the SPC

A geometric study of the experimental SPC has ke usincthe photogrammetry technigFigure 2
shows the spatial variation of real and ideal palialsolar concentrator z coordinates. Which shioat z_, is

equal to Z, for the radial coordinater ) varied between 0 to 800 mm and from this value ha@nsa slight

difference between experimental and ideal coordmiFigure 3represents the slope error of SPC for an i
parabola; all incoming rays parallel to the optiagis (normal rays) will be reflected through tloedl point of
that parabola. A surface slope error is the angilifearence between the measured surnormal and the ideal




surface normal of the design parabolic surface.néte that the device presented an average slopeaound
0.0002 and 0.0073 rad respectively in the centdriarthe extremities. The average extremities sleer is
more important in one than the other.
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Figure 2: The spatial variation of real and ideRCSz coordinates.
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Figure 3: The spatial Variation of the slope error.

Based on Figure 2 and Figure 3, it is clear thit flub is a perfect parabolic shape but it hasgihtsl
geometric distortion at the edges. In the presemtkwthe deformation does not affect much the tlarm
efficiency, because we used a small geometry absfirbut if we want to use another absorbers ipgeed to
have arms which eases the deformation of the teflemd which can correct these distortions aettges.

4. Effect of thereflector material

Optical losses of solar concentrators can be vigmjifcant due to multiple reflections and refracts,
which differ according to the optical charactedstof the reflector. Three types of reflector asteéd to choice
the most perform reflector. Figure 4 gives the atiwn of the receiver temperature as function wietiusing
three types of reflectors.

These experiences are done in three days underacatiye climatic conditions. An average insulation
and ambient temperature equal to 800 ¥\dmd 25°C respectively.

The first reflector (R1), aluminum sheet with refiag coefficient of 0.80, we note that the obtdine
receiver temperature is around 250°C. Using theorskcreflector (R2), aluminum paper with reflecting
coefficient of 0.85, the average absorber temperatuequal t0320°C. The last reflector (R3), 3Nasmnirror
film 1100, which gives an absorber temperature rdo®00°C. Therefore, the variation average insterdas
temperature obtained using those reflectors, thst perform SPC reflector is the 3M Solar MirrorrilL100.
That is a silver metallized weather able acrylimfilt has a solar-weighted total hemisphericalefince of
94% at air mass 1.5 [12]. Solar Mirror Film offe@snumber of significant advantages over traditioglaks
mirrors, including higher reflectance, less weightl improved mechanical properties.
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Figure 4:The temporary variations temperaturesgufiree reflectors.
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Figure 5: Total hemispherical reflectance variatidiiR3) [12].

Table 1:Physical Properties of SPC reflector mat¢ti?].

Properties Typical values
Total solar reflectance(air mass 1.5) % 94
Thickness mils 4.6
Specularity % >95
Minimum reflective area/ sq. meter 99.8%
Operating temperature range (°C) (-40°C to 65°C)

5. Conclusion

This work is a contribution of a solar paraboliaicentrator equipped with a sun tracking systenalar s
heat exchanger and measuring instruments.
The main findings of the present study to increaseefficiency of the system could be recommended
as follows:




< Enhancing the geometrical preciseness of the matnwifag. The geometrical effect on solar
dish concentrators was clearly shown in the redaliad by photogrammetry technique which
used to determine geometric error of the system.

e Using a perform reflective film with higher reflédty, greater thermal efficiency can be
reached with efficient reflective materials.
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Nop optical efficiency
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