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SUMMARY

The present thesis deals with the optical design of 
linear solar concentrators. A brief review of several exist
ing types of solar concentrators has been made in the beginn
ing. An analytical formulation for the optimum temperature 
of a solar thermal power plant for maximum overall efficiency 
is also presented with some numerical calculations made to 
exemplify the procedure.

The possibility of using a fin receiver with cylindrical 
parabolic trough has been explored. Suitable modifications in 
the reflector design lead to its better performance. The effect 
of concentrator tracking error and the fin alignment error on 
its concentration characteristics has also been studied; tak
ing the limb-darkening effect of the Sun into account.

The study of geometrical-optical performance characteris
tics of an inverted vee type linear Fresnel lens reveals that 
a significant gain in concentration can be achieved as compared 
to the flat Fresnel lens. It is also found that an error of 
+ 2% in defocusing and 1° in tracking does not affect the concen
tration characteristics significantly.

A somewhat new design strategy for a linear Fresnel lens/ 
reflector has also been presented in the thesis due to which a 
more uniform illumination is obtained as compared to the



conventional system. Such modified lens/reflector may be use
ful for photovoltaic systems.

Finally, results of some optical flux mapping experi
ments performed on a composite parabolic trough using a cali
brated silicon solar cell have been presented. Such a system 
can be used for those solar thermal as well as photovoltaic 
applications where moderate concentration is required. Though 
due to its faceted nature, the concentration obtained is some
what lower than that possible with perfect desion yet the other 
simplicities, advantages in fabrication and maintenance and a 
comparatively more uniform illumination over the receiver make 
it attractive.

o o o o o



PREFACE

Solar energy has now attained a prominent position as a

source of energy for the future. Extensive efforts are being made 
the world over to collect, store and to convert it into usable 
forms. Thermodynamically, it is imperative that solar energy be 
collected at higher temperatures so that the efficiency of con
version to mechanical or electrical forms may be high. Development 
of solar concentrators, therefore' becomes a high priority research 
area. Solar concentrators are collection devices which produce 
a higher flux density on the receiver than what exists on the 
concentrator aperture. Optiaal concentration is achieved by 
using reflecting and/or refracting elements.

The concentration of solar-energy for generating higher 
temperatures has long been practised [20], In recent years many 
developments in the understanding and use of solar concentrators 
have been reported [22,32], The conventional imaging as well as 
more recently developed nonimaging [37,53] reflecting and/or 
refracting devices have found applications in solar concentrators 
of various geometries. Recent investigations have resulted in 
the development of new solar concentrator designs suitable for 
specific purposes [29]. Studies have also been made to improve 
upon the various concentrator designs proposed so far. This 
necessitates a careful review of the diversified work on solar 
concentrators so as to select a particular concentrator design
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for a certain task. In the present thesis, such a; review has 
been attempted.

A solar concentrator is characterized by several design 
and performance parameters which define its optical and thermal 
performance characteristics [23j. Geometrical concentration 
ratio, local concentration ratio, receiver intercept factor and 
the optical efficiency are some of the parameters which define 
the optical performance of a concentrator whereas the thermal 
performance is characterized by the stagnation temperature, 
heat loss coefficient and the thermal efficiency. A relationship 
between any two of the optical and/or thermal performance para
meters can be established in terms of other known variables. As 
the local insolation level affects the performance of any con
centrating system efficiently, it will be advantageous to study 
the effect of insolation on the performance characteristics of a 
solar concentrator. The overall efficiency of a solar thermal 
power plant is the product of the efficiencies of the individual 
components i.e. of the concentrator and the associated, engine.
As the operating temperature is increased, the efficiency of the 
engine increases but the efficiency of the concentrator decreases 
due to the increased heat losses from the receiver at higher 
temperatures. Therefore, there will be an optimum temperature for 
obtaining maximum power output from such a combination. These 
factors have been given due consideration in the thesis in which 
results of numerical calculations for some main stations in India 
are also included.
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Solar concentrators may broadly be classified as tracking 
and non-tracking systems [25]. Tracking systems may further be 
classified as (i) One-axis tracking and (ii)Two-axis tracking 
systems. Two-axis tracking systems provide high concentrations 
while one-axis tracking systems are used when intermediate con
centration is sufficient to fulfill the requirements. A para
boloid of revolution, central tower receiver, circular Fresnel 
l©ns and a hemi-spherical bowl mirror are of two-axis tracking 
type. One-axis tracking systems are exemplified by a cylindrical 
parabolic trough, linear Fresnel len^reflector and Russell's 
fixed mirror solar concentrator whereas a compound parabolic 
concentrator, Tabor-Zeimer circular cylinder and V-trough belong 
to non-tracking systems. However, the cylindrical parabolic 
trough and the linear Fresnel lens/reflector are the only devices 
which have achieved any market penetration todate. Uses for 
these items include irrigation systems, building air condition
ing, industrial hotwater and small thermal power plants.

The optical and thermal performance characteristics of a 
conventional cylindrical parabolic trough have been the subject 
matter of several research papers [10,40,45,50]. However, the 
conventional design may be modified to make it suitable for a 
typical application. For example, a fin receiver (i.e. a flat 
plate placed along the optical axis) can be used in place of a 
usual flat plate or a tubular receiver so as to attain higher 
efficiencies and better output while using it as a photovoltaic



concentrator with double side and multifunction edge illumina
ted solar cells. Another modification can be the approximation 
of the single piece parabolic reflecting surface by a composite 
surface made up of smaller flat mirror elements to simplify the 
fabrication process [l9]« However in each case detailed analysis 
will have to be made so as to ascertain the merits and demerits 
of the modified design. In the present work the possibility of 
using a fin receiver with a cylindrical parabolic trough has 
been explored and the effects of limb-darkening has been studied.

As an alternative to a curved base linear Fresnel lens a 
double convex inverted vee type linear Fresnel lens has been 
suggested [7]. It is made by dividing a flat lens in two halves 
and sloping them against each other in the form of an inverted 
vee. The concentration characteristics of such a Fresnel lens 
in imaging geometry with a flat plate receiver have been presen
ted in the thesis using a simple analytical model.

A conventional linear Fresnel reflector/lens produces a 
nonuniform illumination over the receiver and suffers from 
partial blocking of radiation reflected/transmitted from a 
mirror element/groove by adjacent mirror elements/grooves. A 
somewhat new design strategy for designing a linear Fresnel 
lens and a linear Fresnel reflector has been presented. In 
each case comparatively more uniform illumination is produced 
and the blocking of radiation is also avoided in case of 
reflector by assigning a proper value of tilt, width and shift
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parameters associated with each mirror element.

In all the above analytical formulations the following simpli
fying assumptions have been made ;

(i) The concentrator is perfectly tracking the Sun.
(ii) The apparent angular diameter of the Sun (20) is 32 

minutes of an arc and the solar disc has a uniform 
spatial intensity distribution.

(iii) The reflector surface is specularly reflecting and the 
reflectivity is independent of angle of incidence.

(iv) The diffraction effects, blocking and edge losses and 
the groove depth are negligible in case of Fresnel lens

(v) The manufacturing defects in the concentrator .are 
negligible.
A chapter-wise summary of the thesis is given below. 

a i A P T E R  J .

This chapter presents a review on solar concentrators 
including all existing important types of concentrators. A 
survey of recent available literature has been made. Hie speci
fic aspects covered in writing the review are (i) design (ii) 
fabrication (iii) optical performance and (iv) tracking. A 
comparative study of such concentrators has also been attempted.
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Generalized curves representing the relationships "between 
concentration and temperature are given in the Ilnd chapter. The 
effect of local isolation level on the performance of concent
rating system coupled with an engine has been studied. Results 
of some sample calculations are plotted graphically and discussed.

CHAPTER III

The design features and concentration characteristics of 
a cylindrical pafabolic trough using a fin receiver are the 
subject of this chapter. It has been found advantageous to 
eliminate a portion of the trough near the apex of the parabola 
so as to eliminate large tails in the distribution of local con
centration ratio. The eliminated portion may be characterized by 
a chopping angle. For each value of rim angle the. corresponding 
value of chopping angle is calculated numerically so as to provide 
maximum possible concentration. The effect of limb darkening on 
the concentration characteristics alongwith the effect of concen
trator tracking error and the lateral shift of the fin receiver 
has also been presented in this chapter,

CHAPTER IV

This chapter presents the optical design and performance 
characteristics of an Inverted vee type linear Fresnel lens:.
Such a lens provides a higher concentration as compared to a

_ ii .
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conventional flat Fresnel lens. An . increase in concentration 
has been found with the increase in slope angle of the lens.
The' effects of transverse tracking and receiver defocusing 
errors on its concentration characteristics have also been 
studied. It is observed that a transverse tracking error of 
•.’l°y and the defocusing of the receiver'by .+2% does not 
affect the concentration characteristics significantly.

CI^TER V

The design and performance characteristics of a modified 
linear Fresnel lens has been described in this chapter. The 
width, and tilt associated with each groove is so chosen that 
the intercept produced is equal to the width of the receiver.
An illumination more uniform than that produced by a conven
tional Fresnel lens is found over a flat plate receiver placed 
in the focal plane of the modified Fresnel lens.

The geometrical characteristics of linear Fresnel reflec
tor using a fin receiver with a similar design strategy have 
also been discussed in this chapter. Results of some numerical 
calculations made for some typical concentrator receiver systems 
have been plotted graphically and discussed.

CHAPTER VI

The geometrical optical performance characteristics of 
a composite parabolic trough (CPT) with a flat and also with a



fin receiver have been studied analytically. Results of some 
optical flux mapping experiments performed on the CPT are also 
presented in the chapter. The CPT is fabricated using locally 
available material and the flux mapping is done by a calibrated 
silicon solar cell sensor. Measurements have been made over 
the focal plane and as well as on a plane perpendicular to it 
containing the optical axis, attempts have also been made to 
simulate the optical performance in presence of a finite track
ing error and a small defocusing of the receiver..

The above mentioned work has partially appeared in the 
following publications^

(A) Papers Accepted / Published in Journals

1 . Influence of errors of trough pointing and fin align
ment on the geometrical concentration ratio of focusing 
parabolic concentrators; Int. J. Energy Research, Vol. 5, 
277-287 (1981).

2. Performance of a cylindrical parabolic trough using a 
fin receivers Limb“darkening effects; Int. J. Energy 
Research, In press (1982).

3. A modified linear Fresnel lens? Int. J. Energy Research, 
In press (1982).

4. Optical design and performance characteristics of an 
inverted vee type linear Fresnel lensj Applied Energy,
In press (1982).
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5. Geometrical optical performance studies of a composite
parabolic trough with a fin receiver; Applied Energy,
In press (1982).

(B) Papers presented in conferences

1. An inverted vee type Fresnel lens.linear solar concen
trator; 8th All India Conf, of O.S.I. (1980),

2. Geometrical optical performance studies of a composite 
parabolic trough with a fin receiver! 8th All India Conf. 
of 0,S,I (1980).

3. Defocusing and transverse tracking error effects in 
case of vee type linear Fresnel lensj Proceeding Indian 
National Solar Energy Convention, Annamilai (1980),

4. Optical performance characteristics of a cylindrical 
parabolic concentrator using a fin receiver) 9th All 
India Symposium on Optics (1980).

(0) ^mmuni. c at e d

1, Geometrical concentration characteristics of a linear
Fresnel reflector using a fin receiver,

(D) Other papers published

1. An application of white light multiexposure speckle
photography; Optica Applicata Vol X No. 3 (1980).

2„ Formation of Laser speckles under extra-axial aberrations; 
Optical & Quantum Electronics, 12, 519 (1980). .
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