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ABSTRACT

A forced convection type solar drier is designed and the performance of the drier is evaluated with Bitter
Gourd at Salem District, Tamilnadu. In this dryer, the heated air from a solar collector is passed, and at the same
time, the drying cabinet absorbs solar energy directly through the transparent walls and glass roof. The results
revealed that the temperatures inside the dryer and solar collector were much higher than the ambient temperature
during most hours of the day-light. The temperature rise inside the drying cabinet was up to 44% for about three
hours immediately after 12.00h (noon). A comparative study was made to determine the drying characteristics of
Bitter Gourd using solar dryer and open sun drying methods. Results indicated that forced convection type solar
drying of Bitter Gourd is better than that of open sun drying; Time required for open sun drying of Bitter Gourd was
17 hours and in forced convection method was10 hours.
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INTRODUCTION

The drying of foods in the open sun is a practice being followed in many countries since ancient times,
especially by individual households and small scale enterprises. Drying is a part of many conventional food
preparations. It also helps to impart special taste and store food items for longer periods. One disadvantage of this
conventional method of drying is that the products may be spoiled due to adverse weather conditions and also
contaminated with dust, insects and excreta. Further, the process is time consuming, drying may not be uniform, and
the area requirement is large. The product is also vulnerable to re-absorption of moisture, which reduces its quality
(Chavda and Kumar, 2009). In most of the developing countries, use of fossil fuels for drying of agricultural products
has not been practically feasible due to unaffordable costs to majority of the farmers (Okoro and Madueme, 2004). On
the other hand, traditional open sun drying practiced on a large scale in the rural areas of the developing countries
suffers from high product losses due to inadequate drying, fungal growth, encroachment of insects, birds and rodents,
etc. Properly designed solar dryers may provide a much-needed appropriate alternative for drying of some of the
agricultural products in developing countries. The scarcity of fossil fuels, steep rise in the energy cost, and
environmental pollution are the driving factors in the use of energy efficient and renewable drying processes.
Solar energy is an important alternative source of energy and preferred to other energy sources because it is abundant,
non-pollutant, and inexhaustible stated by Adom, K.K, et al., 1997.

Drying (or dewatering) is a simple process of excess water (moisture) removal from a product in order to
reach the standard specification moisture content. It is an energy intensive operation. Especially essential is to reduce
the foodstuff moisture content, as these have in general a water content much higher (around 25-80%, but generally
for agricultural products around 70%) than the one suitable for long preservation. Reducing moisture content of
foodstuff down to a certain level slows down the action of enzymes, bacteria, yeasts and molds. Thus food can be
stored and preserved for long time without spoilage. Another case of drying (or dewatering) is the total removal of
moisture until food has no moisture at all. Dehydrated food, when ready to use, is re-watered and almost regains its
initial conditions. Bitter Gourd is seasonal in nature; its availability is limited only to some part of the year. It is
harvested at green, tender stage; hence it cannot be stored for longer period. In this connection, investigation was
carried out to study the effect of drying characteristics of Bitter Gourd to make it available in off season under forced
convection method at the predominant climatic conditions of Salem, India. Also, this results were compared with
open sun drying.

MATERIALS AND METHODS

Experimental set-up: A photograph of the forced convection solar drier is shown in Fig. 1. The experimental setup
is an open-flow loop that consists of a test duct with entrance and exit sections. The flow system consists of an entry
section, a test section, exit section. The setup consists of one heat absorber. The duct size is 850 mm x 650 mm x 150
mm. The absorber plate material which is a galvanized mild steel sheet with 800 mm x 600 mm in size has a thickness
of 1.5 mm which is painted black to increase the absorbing capacity of the plate. The solar collector assembly consisted
of airflow channels enclosed by transparent cover (glazing). The glazing is a single layer of 4-mm thick transparent
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glass sheet. It has a surface area of 800 mm by 650 mm. The gap between the glass and the absorber surface was
maintained at 1200 mm for air circulation. One side of the collector was connected to the blower with the help of reducer
and the other side was attached with drier cabin. The drying cabinet, together with the structural frame of the dryer,
was built from mild steel material and covered by Gl sheets and poly carbonate sheet. The lower end at the back of
the cabinet to facilitate the convective flow of air through the dryer. The roof and the two opposite side walls of the
cabinet are covered with transparent glass sheet of 4-mm thick and poly carbonate sheet respectively, which provided
additional heating due to greenhouse effect. The drying trays are contained inside the drying chamber and are
constructed from a single layer of wire mesh with a fairly open structure to allow drying air to pass through the food
items. The four trays were separated with a gap of 100 mm. The trays are arranged in a layer manner. The trays were
made of wire mess and mild steel measuring 25 mm in depth and with dimension of 500 mm x 400 mm. The flat plate
solar collector is kept at angular position of 25° horizontally and oriented in such a way that it receives maximum solar
radiation during the desired season of use. The best stationary orientation is south in the northern hemisphere and north
in the southern hemisphere. Therefore, solar collector in this work is orientation facing south.

Fig.1 Photograpics view of experimental Fig.2. Photograpics view of product samples before and
setup after drying on 21.1.2015
(Left: Direct Solar Drying and Right: Open
Sun Drying)

Eight digital thermometer with £ 1°C accuracy were fixed at different locations (as shown in Fig.1) of the
solar drier. Energy consumption to the blower was measured with an energy meter having = 0.5 kWh accuracy. The
solar intensity was measured using solar power meter having accuracy of about +10W/m?, The humidity at entry and
exit of the drier was measured with the help of humidity meter having accuracy of £1%. The relative humidity of the
ambient air was calculated from the measured wet and dry bulb temperatures using two mercury thermometers of
sensitivity 0.5°C, one covered with wetted cloth. The velocity of air at inlet of the tray was measured with the help of
vane type anemometer having £0.01 m/s accuracy. A digital electronic balance of 5 kg capacity having an accuracy
of £0.001 g was used to weigh the samples.

Experimental procedure: Only good quality bitter gourd were used in the experiments. The fresh bitter gourd was
collected from local market in the month of 19 -21, January 2015. The average dimensions of a vegetable was 100 -
150 mm long and 25-30 mm average diameter, dark green colored were selected for the study. It was thoroughly
washed and sliced 5 mm equal parts using sharp sterilized knife as shown in fig.2. About 1 kg of fresh bitter gourd
were dried, without any chemical pre-treatment, until the required final moisture content was attained. The sliced bitter
gourd were loaded over the trays of drier chamber having about 90% perforation. The initial moisture content was
calculated by taking five different samples. Then the air blower was switched on and the air flow rate through the solar
flat plate collector was adjusted to 0.02 kg/s. The velocity of air at inlet, temperature at various salient points, solar
intensity and relative humidity were measured at every one-hour interval (10 a.m. — 4 p.m.; 19-21.01.2015). During
idle conditions, the bitter gourd were covered with polyethylene sheet to avoid deabsorption of moisture. All the
experimental observations were made after the drier attains the steady state condition. The experiments were repeated
thrice and an average value was considered.

RESULT AND DISCUSSION

The photograpics view of product samples after drying on 21.1.2015 is in forced convection dryer shown in
Fig.2. Fig.3.shows the variations of the ambient air temperature, inlet and outlet temperatures of collector, glass
temperature and absorber plate temperature during the forced convection solar dryer. During the drying experiments,
the weather was generally sunny. The ambient air temperatures were reached the highest figure12:00. Inside the solar
dryer, it is warmer than outside as shown in Fig.4. This clearly indicates that the drying rate in the forced convection
solar dryer would be higher than open sun drying (Bhosale et.al.,2014 ).
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The variations of solar intensity with time during the drying of bitter gourd on 19-21 of January 2015 is shown
Fig. 5. The average solar intensity recorded was about 883 W/m? during three sunny days.The deviations of relative
humidity both inlet and outlet with time during the solar drying of Bitter Gourd on 19" January 2015 is shown Fig. 8.
It was observed that relative humidity of inlet air is much lower than that of exit of forced convection solar dryer and
direct solar dryer during 11.00 a.m to 1.00 pm and after 3.30 pm both exit and inlet relative humidity are one at the
same. It is evident that more moisture loss in the product as shown in Fig.6 and Fig 7. Also, it is proved that moisture
present in the product is completely removed after 2.00 pm on second day in solar dryer and third day after 3.00 pm
for open sun drying. The data indicated that the loss of moisture was at its highest magnitude in the first few hours of
drying however the moisture loss was slowed down in the subsequent drying period. The reduction in moisture content
of bitter gourd during first few hours in solar drying was at higher rate than the samples dried in open sun drying
condition.

The effect of product mass with drying time for solar drying and open sun drying of the bitter gourd slices
was shown in Fig.7. The result shown that there was a decline in mass of the sample from 1000g to 106 g in solar
drying with in 10 hours whereas it took 17 hours in open sun drying. It is obvious from these curves that the moisture
content decreases continuously with the drying time (Mohanraj, et al.,2008). As expected, the air temperature had a
significant effect on the moisture content of samples.

CONCLUSIONS

The forced convection solar dryer was found to be more efficient than the open sun drying. In addition, the
samples of solar dryer were completely protected from insects, birds, rain and dusts. The drying characteristics and
time required for drying of bitter gourd was studied and final weight of the product was estimated. In forced
convection, solar drying was found to taking minimum time for drying with maximum removal of moisture.
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