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Abstract

For solar-thermal applications principally two tgpef systems are used namely: flat plate collectod
concentrating collector. The main limitation oftflalate solar collector is the maximum achievablaperature.
Conversely, parabolic point focusing collector cgwve relatively higher temperature but it is veirffidult and
costly to manufacture exact parabolic shape. Ia g@per, the novel design of octagonal solar colters
presented. The reflector has been given a shafsastéim of octagonal pyramid with its base actisgaperture
to capture the solar radiation. The reflector fienost of the beam radiation and it is conceatialong a line
where cylindrical vessel has been kept to absagtettergy. This energy is transferred to the fluidciv can be
used for different applications. The collector leeen tested extensively. Temperature of around AQ@4s
achieved with water as working fluid. In order t@asure the maximum achievable temperature, higingoi
point fluid like castor oil has been used. Withtoail as working fluid temperature of around 180Was
achieved. The collector was tested without and with types of cover namely glass cover and acogicer. 10
to 15°C higher temperature was achieved with ghasgrylic cover compared to without cover. It sedhat the
octagonal solar collector can become the cost#ffeaesign compromise between flat plate collecnod
parabolic collector.
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1. Introduction

Sun is the prime source of all forms of availabtergy. Before discovery of fossil fuels human races
completely dependent on energy sources such aseswdagy, wind energy, firewood etc for its energpeds.
With over exploitation and limited reserves of fb$sels, renewable energy sources such as soknggnwind
energy, biomass are gaining importance. In Inditlages around 85 to 90% of the energy is consuined
cooking. Considering the limited availability of meentional fuels and global worming issues assediatith
them, use of solar energy for cooking purpose leastne the attractive solution.

Solar energy can be used in two modes namely Hwdarmal and solar-photovoltaic. Solar collectors @evices
that convert solar energy into thermal energy. €ntly they are the most economic means of conygdolar
energy into usable energy. The heat generatedlay salectors can be used for cooking, pool heptitomestic
hot water supply, distilling saline water, and maier purposes. Moreover, if the operation tentpegais
sufficient, electric power generation can be felasiln some regions, thermoelectric conversion maypete
with photovoltaic electricity generation.

For solar-thermal applications principally two tgpef systems are used namely: flat plate collectod
concentrating collector. The concentrating colletgive various advantages compared to flat platkectors
like: (i) Reflecting surfaces requires less mateaiad are structurally simpler than flat plate eotbrs therefore
cost is less (ii) The absorber area of a concemtiatstem is smaller than that of a flat plate eysfor same
solar energy collection and hence the radiatioanisity is greater at absorber surface (iii) As dnea from
which heat is lost to the surroundings per unittteé collecting area is less, the working fluid catitain
comparatively higher temperatures in a concengasgstem for the same collecting surface (iv) As th
temperature attainable with concentrating systemigber, the amount of heat which can be storedupér
volume is larger and consequently the heat stotagts are less for concentrator systems. The nmaitations
of the concentrating collector are it uses maidgi component of the radiation and it requirestsagking.
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The flat plate solar collector is the simplest bdasigns but the maximum temperature is limited® to 80°C.
Parabolic point focusing collector gives tempemtaibbove 200°C depending upon concentration rati, iBis
costly and difficult to fabricate the exact parabahape. A lot of research has been done to ingptbe
performance of solar collectors by adopting nowsigns.

Sayed And Rehim (1998) developed a new design laf seater heater as a pyramid shaped frustum. & ava
compact system in which collector and a water gtank were integrated together into one unit. filagtum
of pyramid solar water heater had five surfacesr &urfaces represent liquid flat plate collectassroof and
three sides which receives the entire solar radiaiticident on them. The absorber consisted of eopybes
formed in a serpentine shape which are connectéletdank. They reported that their new design ggoed
performance and can providel75 litres/day of hdewat an average temperature of 40°-60°C deperatirthe
weather conditions and solar intensity.

Lupfert et al. (2001) developed parabolic troughector for various applications in the 200-40G&tperature
range in solar fields up to the hundreds Megawattge. The design of a new support structure otttector
included concept studies, wind tunnel measureméinite elements method (FEM) analyses and restutieal
structure with a central framework element. The&jmlthat their new design would have lower weighd &ss
deformation of the collector structure than theeottiesigns considered. They also mentioned thdttime it
will be possible to connect more collector elememone drive which results in reduced total nundfedrives
and interconnecting pipes, thus reducing the ilagtah cost and thermal losses.

Lipinski and Steinfeld (2006) developed an anngtampound parabolic concentrator (CPC) which wasayb
of revolution consisted of two axisymmetric surfagegoduced by rotating a two-dimensional CPC arcamd
axis parallel to the CPC'’s axis. They analyzedaltdity to further concentrate the incoming radiatwhen used
in tandem with a primary solar parabolic conceptrahey found that their design finds applicatias a

secondary concentrator for capturing the annulatiqgro of spilled concentrated solar radiation amdtHer

augmenting its power flux intensity.

Xiao (2007) designed a closed-box parabolic trocmircentrating solar collector. By accepting anagtioss of
a few percentages due to reflections by the cdtieir design offered several advantages over themuopen
model, in particular a potential of significant tosduction. It was a hermetic box with a transpa®ver and
the parabolic reflector forming the back. They gisoposed a non-permanently sealed partially exaduabe
which was filled by a low-conductivity gas. Withetmew design, they found reduction in the costwel as
solution to the problem of hydrogen and helium peations.

Luijtelaer and Kroon (2009) designed a novel typdigh temperature solar collector called the ratasolar
boiler. It was having two concentric tubes. Theeintube called absorberabsorbs sunlight and boils water. The
outer transparent tubealled cover was filled with air. The boiler was rotated toepent convection losses
completely in the insulating air layer in betwebe tubes. Thus the heat losses have been condidezdbced
which resulted in increased efficiency of a solalector than conventional flat plate solar coltest They
reported that the rotating solar boiler is muchagies than conventional evacuated tube collectqrecégly due

to its lightweight.

The various designs discussed above are complekemze costly. They also use the parabolic reftestoch

may be cost effective for temperature above 200AChis paper, low cost design of octagonal lineufsing
solar collector suitable for heat delivery at ab@80°C is presented. The experiments were carnigdmith

water and castor oil as the heat carrying fluid sfualy the effect of glazing on the performancealfector tests
were conducted without cover and with two differgites of cover material viz. glass and acrylic.

2. The Octagonal Solar Collector
The collector is working on the principal of refiien of beam radiation which concentrates alongraght line,
where collector has been kept. The collector alssthnd solar energy and converts into thermal energy

The main components of octagonal collector arecédk, absorber, transparent cover, sun trackinghemgsm
and base frame. The reflector has a shape of frusfuoctagonal pyramid with its base acting as taperto
capture the solar radiation. It is prepared byragireg eight trapezoidal glass of 3 mm thicknesaratingle of
45°. These glasses are supported by 26 Gaugeh@dt om the back side. Due to high reflectivifitiee glass,
more than 90% of beam radiation is reflected anttentrated along a line.
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Along the axis of the reflector energy receivingvide in the form of cylindrical vessel has been tkéfhe

absorber is an Aluminium vessel of sigd40 mm x 180 mm height. To prevent the re-radialiizses from the
vessel surface, the vessel has been painted blackduter side with thin layer of dull black boagydint. The

black coating has a property of high absorptancestfiort wave radiation and low emittance in theglavave

radiation range. This helps in reduction in re-aidn losses and hence improvement in the perfocenai the

collector. To reduce the convection losses a tranmesp cover has been provided. The collector has bested
with two types of transparent cover viz. 3 mm thicknsparent glass and 3 mm thick acrylic shee¢. ddver

facilitates reduction in convection as well asadiation losses and thus enhancement in the peaxfurenof the
collector can be achieved.

The relative position of sun with respect to eatihnges throughout the day as well as round the keace for
daily and seasonal tracking of the sun two differeacking mechanisms are provided namely Equdtoria
tracking and Azimuth tracking mechanism. Equatdratking mechanism consist of semi circular dit8 oam
thick M.S. plate with locking pin, on the periphesfywhich 6 mm diameter holes are provided at agieaof
10°. An alignment pin is also provided to assurat tthe aperture area is normal to the sun raysmiti
tracking mechanism consists of 15 mm diameter kb& which can be moved inside 16 mm diameter Gok.p
To support the whole assembly the base frame darfsi® mm diameter M.S. rod and M.S. channel Haeen
used.

3. Experimental Setup

The experimental setup consists of the octagonkéator, RTD sensors with digital temperature iradar,
pyranometer with milli voltmeter. The fluid andraispheric temperatures were measured using RT®rsens
with digital temperature indicator. The intensitygbobal radiation was measured using pyranomettr milli
voltmeter. The photograph of the experimental setghown in Fig. 1.

Figure 1. Experimental setup

The collector has been tested extensively. Expetisneave been performed with water and castoriltgEtfin
the cylindrical vessel. At regular interval of hal hour temperature of water/ castor oil, glolmddsradiation
and ambient temperature were measured. The expgamere performed without cover and with two typés
covers viz. glass and acrylic. The tests were edswlucted with no load conditions.

4. Results and Discussion
The experiments were carried out with 1, 2 andlife8 of water and castor oil placed in the vessewever,
results of experiments carried out with 2.8 litefdluid are presented here. The readings werentédam 9.30
am to 4.00 pm when sufficient solar insolationvaikable. The instantaneous efficiency is calculats the ratio
of the amount of heat collected by stagnant fluidhe vessel in duration of 30 minutes and averageent
solar radiation in that period.
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4.1 Water asworking fluid

When the collector was tested with water as worliingl filled in the cylindrical absorber, tempeunsat of
around 100°C was achieved. The temperature didinuoease beyond 100°C due to boiling of water. The
variation in fluid temperature I intensity of global solar radiationg(land instantaneous efficiency;)&vith
respect to time are shown in Fig. 2. It can be dben initially efficiency is higher as the workirftuid
temperature rises rapidly and then efficiency desee successively. When water temperature redohéoiling
point (i.e. around 100°) the efficiency become®zes there is no further rise in the temperature.
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Figure 2. Variation in water temperature, intensitiyglobal radiation and instantaneous efficiendthwime

4.2 Castor oil asworking fluid

In order to measure the maximum temperature acblieyvthe collector was tested with high boiling midiuid

such as castor oil. With castor oil as workingdltemperature of around 130°C was achieved. Thati@nr in

fluid temperature (, intensity of global solar radiationg(land instantaneous efficiency;XEvith time are
shown in Fig. 3. In this case also, instantanedfisency is initially higher and subsequently whituid reaches
the stagnation temperature the efficiency beconegs. Af the fluid would have been circulated thrbuipe
absorber, higher efficiency would be resulted \higgher radiation.
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Figure 3. Variation in castor oil temperature, intgty of global radiation and instantaneous efficig with time
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4.3 Effects of glazing
As discussed earlier to prevent convection losses different types of glazing (cover) viz. 3 mm dki
transparent glass and 3 mm thick acrylic sheet baea used.

Variation in water temperature without coveg &) and with glass cover {J,) against time are shown in Fig
4. The variation in global solar radiatiog)(nd instantaneous efficiency;(&re also shown for both the cases.
Effect of glazing could not be recorded in termshigther water temperature due to boiling of walteis found
that, initially there is not much difference in ilutemperature due to glass cover. However, whdar so
insolation decreases the cover helps in retaiadltiid temperature.
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Figure 4. Variation in water temperature, intensitiyglobal radiation and instantaneous efficienathwime

(without and with glass cover)

The effect of glazing was observed by higher temfoee of caster oil when the collector was testét glass
and acrylic cover. Variation in castor oil temperatwithout cover (o), with glass cover (f.q) and with
acrylic cover (Twa) against time are shown in Fig 5. The variation dgiobal solar radiation § and
instantaneous efficiency (JEare also shown for all the three cases.
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Figure 5. Variation in castor oil temperature, int@ty of global radiation and instantaneous efficig with time
(without and with glass & acrylic cover)
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By using glass or acrylic cover 10 to 15°C higlemperature was achieved. Performance of the cotledgth
acrylic cover was better than that with glass cdhwaxever degradation of acrylic would be fastentgkass.

Uncertainty analysis of experimental data is cdrdat using Kline and McClintock method (1994). Gidiering
error in measuring linear dimensions = 1 mm, eimaneasuring temperature = 1°C, error in meastuiing = 1
second, error in measuring intensity of global atidnh = 8 W/n uncertainty analysis was carried out and it was
found that the results are subjected to 3 to 5%rerr

5. Conclusion

The application of flat plate solar collector isiifed by its maximum temperature which is aroun@°Cl The
parabolic solar collector gives comparatively higtesnperature than that of flat plate solar cotledtut it puts
limitation from construction aspect, as it is difflt to get exact parabolic shape. Also they ast etfective for
temperature more than 200°C. The octagonal sol&ctor is the cost-effective compromise between fillate
solar collector and parabolic collector as it caveghigher temperature than that achievable with filate
collector and ease of manufacturing in comparisdth warabolic collector. Hence it can be used irdime
temperature range of 70 to 150°C with relatively loost. The collector has concentration ratio ofTGe
collector of described geometry can be suitably ifiedl to achieve higher or lower concentration aati
depending on the desired working fluid temperature.

6. Future Scope

In lieu of the vessel in which the stationery flugl heated, the absorber can be suitably modifiethave
continuous flow of working fluid through the abserb The flow may be by natural convection current o
mechanically assisted. In case of forced circutatib working fluid, higher heat removal rate candisained.
Also flow rate can be adjusted to obtain desiredkimg fluid outlet temperature.
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