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DEVELOPMENT OF A MULTIPURPOSE SOLAR ENGINE
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A hot air engine has been developed that directly made use of
solar energy for its operation. A 1.54 m? reflecting parabolic stain-
Iess steel concentrator provided solar energy enough to run the
cngine. The efficciency of the engine with air cooled sink was 4057,
The engine worked far six to eight hours on every clear day in all
seasons without any arrengements for the storage of solar energy.

INTRODUCTION

The present energy crisis with the depletion of fossil and other conventio-
nal soutces and the rapid increase in the energy demand has made the use of
solar enetpy imperative, Tn Pakistan, on the average, 100 watts of solar encrgy
is incident on each square meter for six to seven hours every day {Shah, 1976).
Many sclar devices have been designed to perform particular functions like
water heater, cooker, kiln, generator ete, A solar engine 15 a very useful multi-
purpose device which can do almost anything. Electric motars are no doubt
very popular but in the remote areas whare there is no electricity availlable, these
are of no use, The other non-electric engines like internal combustion engines
having theit eneegy sonrce inside the working cylinder, require special type of
fuels. ot air engines have exterior enerpgy source and virtually any type of
cnergy source can be utilized to run them. These are in Fact potantial candidates
for harnessing solar energy, These are little bit bulky and have limit=d speeds,
But, these have some significant advantages as weil.  These are light, simple
and have relatively noiscless operation, These requir no valves or exhaust and
thus do nat clatter or bark, Overall thermal cfficiency of hot air engines is
comparable with that of internal combustion engines (Donkin, 1958). Leonord
{1958), Wrangham {1942}, and Mooney {(1958) have described some typical rege-
nerative hot air engines, Because of its prospective nature cther nesigns are also
being tried in various countries, Hull (i984) worked on reciprocating solar
engine 1n which concentrated sun beam was directly absorbed by small particles
wilhin the working cylinders. With improved heat resistant materials and better
design of these engines, solar enetgy can be effectively utllized.



MATERIAL AND» METHODS

A small hot air enging was assembled from locally manulactured compo-
nents.  The eneine dircctly utilizes solar radiation energe Tor its operation. It
works on the Stirling cycle.  The effects of irreversibility are less in it than in
the Cornot eycle {Keehan, 1957}, The Stirling cycle in idealized form is shown
on P-V and T-5 dizgrams in figure 1. The cycle consists of two isotherms joined
by two regenetative isometric processes. Heat is absorbed from the source
during isothermal expansion from v to ¥z at a higher temperature T, and is
rejected to a sink at a lower tepperature T; during othet isothermal compression
from vzto v;. The two isochoric processes (2-3) and (4-1) with the help of
regenerator permit reversible heat flow from and to the pas.
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Fig. 1. Stirling cycle on P-V and T-S diagrams.

A regenerator is a thick pack of fine copper gauze having infinite or very
large heat capacity compared with that of the gas. It acts as a temporary storage
of heat.

The thermal efficiency of the eycle for an ideal regencrator is

1 - QyjQ =1 - TyT,.
But, if the efficiency of the regencrator is e, then the efficiency of the eyl will be
R (T,-Ty} log (vyivy}
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where Cv is the specifie heat of the pus at constanr valume, In practice e is about
£ 10 .9 (Robinson and Dickson, 19615,
A reflecting puraholic concentrator, Tabriciated in the Depariment of

1y sivs was tsed Lo Togus solac rudialfoos incidept on 1,54 m? on o a smaller
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aren, The solar energy thus accumulated achieved on the average temperature
of about 200°C. The locus of Lhe concentrator was treated as heat source for
the engine. Various types of hzat transfer chambers 2nd the plass enclosures
were designed and tested. Finally a combination of thick blackened copper
cyclinder and brass gauze was found suitable-te-absorb enough heat from the
round glass enclosure to run the engine, when placed &t the focus of the concen-
trator, Certain modifications were also made in ihe design of the concentrator
to keep a record of the sun track and to hold the engine firmly at the desired
position.

A thermogoupie in conjection with a pyrometer was fixed in the heat trans-
fer chamber to observe the working temperatures of the engine,

RESULTS AND DISCUSSION

The average temperature of the heat transfer chamber achieved with the
help of parabolic concentrator and its variation during day time in tha months
of May-June, Sept.-Qct. and Mov.-Dec, during 1985 is shown 'n figure 2. The
engine started its operation above 220°C tempecature of the cnramber, The warm
up time of ths enginge was up to hall an hour.
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Fig. 2. Vartation of average magimum temperature of the heat chamber with
time,
The figure 2 shows that the temeratures of the chambars were above 22082
Tor six to eight bours in all seasens af the year,  Thus the engine could work for
about six hour on eyery clear day without the necd of any storuge arringemenls
of the solar encrgy.  The figure 3 shows the revolulions per minute of the enging
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against the temperatures of the clamber. The sink whivh was air cosled main-
tained a steady lemperature of 50°C.
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Fig. 3. Engine revelulions per minute ngainst chamber temperatures.

The efficiency of the engine belween 270°C and 50°C working temperature
limits js 40% . A high speed six volt generator attached to (he enpine demons
trated one of its many applications. It produced maximum 5.9 volis.  Actually
a low speed dynamo was more suitable for this type of engine with limited speed
for optimum generation of electric power. The voltage pencration versus revo-
lutions per minute of the engine is shown in figure 4.
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Fig. 4, Yoltage peneration apaint specds of the engine.

The versalility of the solar engine had been Further projected with the
addition of a closed cycle inclined water 1ift unit to the angine, The unit Lifted
water Lo 30 em height.  The pump discharged halfl litre water per minute when
it was turacd at the rate of 100 revolutions per minute,

The geaceation of clectric power by the enging insead of by the imported
solar cells can save foreign exchange.  The curves in figure 2 shwow a very smuall
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change in the maximum temperature af the working chamber during the year, so .
it does not aflecl the operation of the engine, [t is because the coucentralor can
alwar s be held petpendicular 1o the sun whereas the variation in the inclination
of salar radiations on the surfuce of carth produces significant effects on the
temperature of the weather.  The slight Tall in the temperature of the chamber
in winter is due to the higher dissipation losses in the cold environments.  The
curves also show a dectease in the daily working hours of the engine in winter
due to shorter day length.  The water need for irrigation also declines in this
period, The peiformance of the solar enginz is thus patticular]y suitable for
caltering water requirments for agriculture, The tests of the enging are very
encouraging. Abigger module based upon tne pHnciple of the present model
hopefully will have the potentialities and capabilities of an efficient commercial
venture.
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