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ABSTRACT

A solar dryer system with multi tray rectangularctien which consists of flat plate collector. Inisthstudy,
temperature inside the solar box dryer and grapesstare content with drying efficiency of grapesstérs dried in
the solar box dryer have been investigated. A pypt® of the dryer was constructed to specificatiod used in
experimental drying tests. A number of experimemie conducted using potato slices, chilly and geapFor all
the test conditions, the material gets dried wigstem’s efficiency of 15 % to 18%.The drying tiraepared to
open air drying was reducing by about 20% and preduthe drying material on the trays are betterliyaThe
minimum of 0.045fof solar collection area according to the desigrréquired for an expected drying efficiency of
69.6% under average ambient conditions of 30°C @6d % relative humidity with average solar radiancke
650W/m, the average drying efficiency was evaluated a6%Q
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INTRODUCTION

In many countries of the world, the use of solartimal system in the agricultural area to conseegetables, fruits,
coffee and other crops has shown to be practicah@mical and the responsible approach environMé&mwsak et
al., [1]. Solar heating system to dry food and ottreps can improve the quality of the product, dFpoocessing
Engineers and Scientists have found that by redutia moisture content of food from 15 % to 20%.

Drying and preservation of agricultural productydé&een one of the oldest uses of solar energye trEuitional
method, still widely used throughout the worldofgen sun drying where diverse crops such as frugtgetables,
tobacco, etc. are spread on the ground and tuaggdarly until sufficiently dried [2].

Traditional drying, which is frequently done on tfp@und in the open air, is the most widespreachatkused in
developing countries because it is the simplestcdm@pest method of conserving foodstuffs. Sorsaddiantages
of open air drying are: It requires both large amtaf space and long drying time. Exposure of tredstuff to rain
and dust. The crop is damaged because of uncleatrdlying and hostile weather conditions, inféetaby insects
and attack by animals. This could lead to slowirdyyrate, contamination and poor quality of driedducts,
because of the above mentioned factors of operdsging process and a better understanding of thiaadeof
utilizing solar energy to advantage, have givea tisa scientific method called solar drying. [3].

However the availability of good information iscking in many of the countries where solar foodcgssing
system is most needed [4]. The solar drying proisedepended on different parameters, such as erepdiameters
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like ambient air temperature, relative humiditylasgadiation and wind speed, amount on initial shurie content,
type of dryer, etc., the determination of the dgyéfficiency of such process is too complex. Dryaidpanana in a
solar cabinet took three days and better qualibgpet was obtained as compared with that in the casatural
open sun drying.

There are a large variety of solar dryers. They lsarclassified basically into two types: naturahwection type
dryers and forced circulation type dryers [5]

Natural convection dryers do not require a fandmp the air through the dryer. The low air flowerand the long
drying time, however, result in low drying capacitythere large quantities of fresh produce arestpiocessed for
the commercial market, forced convection dryerauhbe used [6].

The objective of this study is to develop a rectdag box solar dryer in which the grains are drimddirect
radiation through the transparent walls and roothef cabinet and by the heated air from the saldlector. The
temperature development of the dryer was also atedu

Objectives

The specific objectives of this study were

» Design and construction of a box type solar drgpstem with different wire mesh layer
» Thermal Performance study of Box type solar dryith Wat plate

 Studying the efficiency of box type solar dryer vying different Fruits and Vegetables.

CONSTRUCTION

The figure (1) shows the sectional view of Box tygadar dryer device consisting of the solar cotletteat absorber
plate, wire mesh, wooden box, thermocouple wire glads cover. The construction of materials is usdtle solar
dryer available in the local market. The system bsn installed in the physics department of Ganemt Arts

College, Dharmapuri.
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Fig.1 Sectional view of low cost material used solar dryer
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Fig.2 Experimental set up of box type solar dryer with potato slices

MATERIALSAND METHODS

The box type solar collector system, with length36Em and width of 15¢ m, and height of 45cm. Ehistem
consists of absorber plate, single glass covelk Haor and thermocole used as insulation. Thesgyss framed
with the single logs. A single typical glass cowkmgith thickness of 5mm is placed in the top swfad the
collector. Both side and bottom of the collectoe asulated with 3cm of thermocole. These minanilze heat
losses from inside of the box to surrounding the thoough both side wall and bottom wall.

The materials used for the solar dryer box, plywdaahsparent glass, high range thermocouple whermocole,
aluminum sheet, PVC pipe, wire mesh, digital mudtier and thermometer. The solar dryer made by pigwo
material in the shape of rectangular length 30ceight of 45cm and width of 15cm. Inside the solayed, two
layer of wire mesh has been placed between tofs giager and bottom heat absorber plate. The distaatwveen
the bottom to first wire mesh layer is 10cm and distance between the second mesh to top layeddsh ach
layer having a thickness of 0.5mm with length of/®0and width of 15cm total area of a single wiresmis 0.045
m°. A small hole of 3cm diameter is provided on tdghe dryer to remove the moisture content throtigh
PVC Pipe.

The performance of the box type solar dryer waduawed by different climatic conditions during obssion
period to dry different vegetables and fruits ligetato, chilly and grapes. 1) Inside plate temjpeeaand air
temperature of the solar dryer 2) incident soldiation of the solar collector 3) variation of moie content of the
vegetables and fruits during the observation periddtype thermocouples were installed at varjmiats of solar
dryer. The experiments started at 9 am and stogpégm during the observation period.

Estimation of Dryer Efficiency

The solar dryer efficiency can be calculated undeollection efficiencyqc)

And the system efficiencyn§[7].

The collection efficiency measures), the ratio of the useful energy output to thaltoadiation energy, available
during the same period.

Collection efficiency

_ o
Ne= Acls 2.0

1478
Scholars Research Library



A. Ramalingam et al Arch. Appl. Sci. Res., 2012, 4 (3):1476-1482

Where, Q=mgAt, A, is the collector surface area Eq.(2.0)can be pné¢ed only as a transient value owing to the
time dependence of the irradiance. For definiteéopge the long term efficiency of the collector cha expressed
with the time integral of utilized and input enefftpw rates [8].

_ Jiouat
Ac fotls dt

2.1

Me

System drying Efficiency
The system drying efficiency is the ratio of thergy required to evaporate the moisture of the foaderial to the
heat supplied to the drier.

_wWL
IsAc

Ns 2.2

Where, W is the mass of moisture evaporated
L, is the latent heat of evaporation of watethatdryer temperature
A. is the solar collector area and the dryer efficigis given by

NS
T]d—nc 2.3

RESULTSAND DISCUSSION
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Fig. 3. Variation of solar radiation, absorber platetemperatureand ambient temperaturewith timein hourson first day observation

Constructed solar dryer and its experimental setrapshown in fig.2. Performance of solar dryerehbgen studied
and reported under various climatic data’s incluitethe calculation and estimated the efficiencyaf dryer, the
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first day variation of solar insolation and amhi¢emperature were measured with the help of pyrater and
thermometer for every one hour interval and itsigalare reported in fig.3.
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Fig.4 Variation of system collection efficiency with number of days

100.00 - bottom curve and top curve - solar dryer and open air dryer
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Fig. 5. Comparison of solar drying material moisture content and open air drying material moisture content efficiency with number of
days.

The first day the maximum value of solar insolatairl pm was 1016 W/Arand minimum of 310 W/f ambient
temperature and plate temperature is measurdd 89d 62C. and observed values are plotted in fig.3.
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The system collection efficiency was found to ims® with increasing intensity of solar insolati@fiifg on the
collector area. The average system drying effjewas estimated as 69.6% during the observatiociogpend
measured values are plotted in fig.4. Compared/dniation of moisture content efficiency of boyéysolar dryer

and open sun moisture content, testing materiab{palices, chilly and grapes) values is plottedig.5.and dried
product is shown in fig.6.

c) d)
Fig.6 a) and c) solar drying of chilly and grapes
b) and d) open drying of chilly and grapes

CONCLUSION

A portable and inexpensive rectangular box typarsdiyer was designed and constructed using loeaiylable
materials. The collection efficiency of solar aryisystem is calculated using the climatic conditihich includes
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ambient temperature, solar radiation, relative Idityi air velocity and atmospheric pressure. Thgmdy rate and
average collection efficiency and percentage ofstooé removed for drying potato slice, chilly andges during
the test period was found to be 1kg/h and 69.68patively. The hourly variation of the plate temgtere and air
temperature inside the solar dryer higher thanosunding temperature during the observation perfidte drying
rate increased due to increase in plate temperbtireeen 11am to 2pm. The observed plate temperatas up to
62 °C at noon time and decreased due to low intensitywdiation received thereafter. Depends on intercf
radiation received on earth surface maximum therdmas able to remove 80% of moisture on dry hasise day
observation.

REFERENCES

[1] J. Waewsak, S.Chindaruksa, C.PuniBkammasat Int.J.Sci. Technolo@p06) 1(1):14-20.

[2] W.Carl, P.E.Hall, Drying and Storage of Agricultu€rops, AVI Publishing Company Inc., Westport.

[3] A.Madhlopa, S.A.Jones, and J.D.Kalenga-SdRanewable Energg002 , 27-37.

[4] T. Nejat, Veziroglu, Alternative Energy Sources I[yYHemispheric Publishing Company, Volume |, Newrk,0
1989.

[5] H.P.Garg, Advances in Solar Energy Technology, Ri&d”ublishing Company, Volume lll, Hollani987.

[6] Ambrose Osakwe and Herbert Weingartmann, Performah@n Indirect Forced Convection Solar Dryer with
Porous Air Heater, Dept. of Agricultural Enginegrituniversitat fur Bodenkultur, A-1190, Vienna.

[7]1 T. Delta, Device Ltd, “User Manual Temperature FRrgh 128 Low Road, Burwell, Cambridge CBS OEJ, U.K
(1996).

[8] Laszlo Imre, Solar Drying in Handbook of Drying.

1482
Scholars Research Library



