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From tactical to practical




Solex Tutorial

From drying grains and clothes to burning a piece of paper using magnifying lens, we all have s
use of solar energy in our d&yday life. Solar cookers and water heaters have now become a comnx
example. Buas always, technology keeps on improviagxtend the reach and range of applications. So,
we havesolar concentrator® attain ligher temperatures and heat loads typical of industrial sedibesy
have found applications even in households in the form of high temperature cookers which allowlgou
every task that can be done using conventional cookers.

The idea is simplé collect sun rays from large area and focus it on a smaller region, very similar 1
magnifying lensSmaller area of receiver or collector meaasne solar radiation willigld higher power and
hence higher temperaturalong with reducedbsses.

Components of Solar Thermal System:

A solar thermal system typically consists of following components:
1. Concentrator 2. Receiver 3.Tracking system 4.Storage

- Receivers"

Trough concentratar

Let us look akach one of them.

A) Concentrator:

The first and most important part of entire system, for it will decide how much solar radiation can actually
used. As the name suggests, a concentrator concentrates otherwise widely distributed solar fradiation
large area (concentratdg a smaller are@eceiver)

Why do we need concentrators?

Well the answer lies in the fact that solar radiations are distributed form of energy. Unlike fossil fuels wh
can give energy of more than 16 MJ/kg, solar gpexan best be 1.3 kW/m2 (that too outside earth!!). So if
one uses solar energy in this form by uslage area ofhorizontalcollector, the temperatuggossible to
attain is limited to 100 deg C (with good insulation of cours&lw, typically in indstries we need heat in
both quantity and quality. We can assume that a given area would give same quantity with any technol
but the quality i.e the temperature will be much different. This is the major reason to concentrate s
energy. The other reas is by using proper inclination, tracking and good receiver design we can g
uniform radiation of around 800 W/m2 throughout the dayni s woul d not be p
concentrators.

Common ypes of Concentrators

1. Flat plate collectors: Commonlycalled as solar water heaters, these are just flat plates or bunch:
tubes inclined at an angle of latitude so as to gain maximum solar radiation. They are fixed, simpl
construction angtan reach water temperature up9 deg Cwhich is sufficient for domestic heat
requirements. But the disadvantage is lower efficiency and lower fluid temperature. This is beca
entire area acts as absorber and so heat intensity is low. Also they banrmatked and hence are
incapable of usg all the available radiation throughout the day.



Following figures explains the working principle:
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Source: www.sunflowe -solar.com

One can see that the collector is inclined at an angle, usually that of latitude and it is placed fac
south, as the Sun is during most part of the year towards south.


http://www.volker-quaschning.de/articles/fundamentals4/figure1.gif
http://www.sunflower-solar.com/

2. Solar parabolic trough:
Very popular in industrial applications, especially in western world, solar trough is just a parabc

extended linearly. One can imagine it to be a cut portion of cylinder with cross section as parab
The advantage of parabola of focusalbthe rays parallel to its axis at a single point (theoretically),
allows such system to reach the temperature as high as 300 deg C. Because the rays need
parallel to the axis, tracking is necessary. Usually, troughs are mourg&dmdtracked EW to
always face the sun.
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Fig: Comparison of (a) Parabolic trough (b) Cylindrical trough

Above figure shows how different parabolic trough is than a cylindrical troitile a parabolic
trough gives a line focus, cylindrical gives a plane focus which is seen as focal plane above. Sq
one uses cylindrical trough, the receiver must be placed at this plane which means more area, diff
to place and of course possibjlof shading. Hence, cylindrical trough is just not used.



Fig: Parabolic trough subsystem
The aboveigure shows the different parts of parabolic troughaPalic reflectors, pipe at the focas the
receiver through which fluid flows and the sideumting required for tracking and support.

How to select tharea and shape?
Usually the amount of heat required decidesaperturearea(length*width) of parabola while He position
of focus gives you the profile of parabola.
Example: the general ecation of parabola is
XN2 = 4*fxY é é
Where X andY are polar ceordinates and
fis the distance of focus from origin
So, if | want focal point i.eeceiver to be at say 3 units above the origin, my parabola will have profile of
XN2 = 12*Y.
Plot this on a graph and you get the exact shape to be produced.
But width, i.e the Xaxis extension and length of the trough Ww#l decided by the area required.
So, if I want heat output of s&8B000W and solar radiation 800 W/m2and my conversion efficiency is
60%, the area required will be
2000/(0.6*600) =5.55 sq.m
Now this can be obtained with d#ffent combinations of width and length.
Choose the width or length based on space constraintsvarget our parabolic troughshape, size and
geometry.

Note: It is important for parabolic trough téace the sun.e sun rays hitting perpendicular to its focal line.
Otherwiser ay s w o at findus amceuseful heating is not possible.

3. Paraboloid dish: While parabolic trough was linear extension of parabola, paraboloid isla 3
extension. One can imagine it as a gettion of a sphereery similar to a Satellite Dish or inverted
Umbrella.Important advantage over parabolic trough is reduced size of receiver. While trough giv
a linear focus, paraboloid gives theoretically a point focus. Thus, paraboloid dishalsleca



