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MANUFACTURE A SOLAR DRYER FOR DRYING
SOME AGRICULTURAL PRODUCTS
Mahmoud M. A. AL' Moheb M. A. El-Sharabasy”

ABSTRACT

The objectives of this study were to develop and evaluate a solar dryer
Jor drying by solar energy, determination of the optimum conditions for
the solar dryer during the drying process of mango slices, okra slices and
mint and comparing the cost of the solar dryer and drying on trays by
direct sun . Two experimental groups were carried out for each crop.
Every group consists of 9 treatments. The first group of tests was run
under different number of trays 4, 5, and 7 trays with different product
masses. The second group of tests was run under different number of
open holes 5, 7, and 9 holes also with different product masses. It was
lower cost for the drying products with obtain to suitable moisture
content is (759.9, 934.8 and 1900. 6) L.E/Mg under seven open slots, and
Jour trays. In order to minimize drying cost, it is recommended to use the
manufactured solar dryer for drying by solar energy for drying mango
slices, okra slices and mint under the following conditions: Number of
trays of (5 trays), number of open holes of (7 holes) and Mass of product
of (1.25, 1.00 and 0.30 kg/tray) with okra, mango and mint, respectively.

1. INTRODU: N

any different types of fruits, vegetables and aromatic plants have

been produced in Egypt because of its suitable climate along the

year. Egypt has a high potential solar energy and mean annual
bright sunshine hours. According to experimental data, the annual average
of global solar radiation is (5.4-7.1) kW .h/m’.day, while the annual average
of diffuse solar radiation is (1.8-2.2) kW.h/mz.day. The annual average of
actual sunshine duration is (9.2-11) h. The annual average solar radiation on
full tracking system i$ (7.5-10.5)kW h/m?.day. From these numbers it can be
concluded that Egypt has a great potential of solar energy, which can be
considered as a reliable energy resource all over the year (N.R.E.A. and
US.A.LD. 1991).

* Assist, Prof. of Agric. Eng., Fac. of Agric., Zagazig Univ., Egypt.
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Drying process has always been a great importance for conserving
agricultural products in agricultural countries like Egypt. Drying process is
the most common form of food preservation and extends the food self-life.

It is a simultaneous heat and mass transfer operation in which moisture is
removed from food material and carried away by hot air. Open sun drying is
a well-known food preservation technique that is still the most common
method used to preserve agricultural product in most tropical and
subtropical countries. In Egypt, drying is achieved natural method by
spreading out the material on the ground especially for grain crops. In this
case, there are many disadvantages like low quality and hygienic problems.
Being unprotected from windborne dirt and dust, rain, infestation by insects,
rodents and other animals, the quality of food is seriously degraded. The
resulting loss of food quality in the dried products may have effect
negatively trade potential and economical worth. For preventing the
deterioration of the materials different types of drying methods have been
developed. On the other hand, the conventional dryers are not economic due
to high energy cost. For that reason, direct or indirect sun dryers have good
opportunity for about quality and efficiency improvement. In this purpose,
there have been ﬁxany studies on the drying behavior of fruits, vegetables
and aromatic plants such as mango, apricot, sweet pepper, garlic, tomato,
grape, pineapple, tomato, figs, onion, red pepper and mint.... ext. Properly
designed solar drying systems must take into account drying requirements of
specific crops. Simulation models are needed in the design, construction and
operation of drying systems. Awady et al. (1988) constructed two types of
solar energy dryers (tent and tray dryers) to dry some agricultural products
such as potato, onion, mint, and grape by solar dryer as compared with
direct sun they found that the temperature inside the solar tend dryer rises
about 3-5 °C over the ambient temperature and 1°C for tray. The results
showed that solar tent dryer has the highest drying coefficients. This method
is recommended for materials drying to avoid contamination with less time
requirement. The solar tent drying was also found least expensive in drying
compared with other sources of energy including petroleum, biogas, tray and
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direct sun methods. Madhlopa et al. (2002) designed a solar air heater,
comprising two absorber systems in a single flat-plate collector. The heater
was integrated to a drying chamber for food dehydration. The performance
of the dryer was evaluated by drying fresh samples of mango slites. The air
heater converted up to 21.3% of solar radiation to thermal power, and raised
the temperature of the drying air from about 31.7 to 40.1°C around noon.
The dryer reduced the wet basis moisture content of sliced fresh mangoes
from 85% to 13% (w.b.) in 3-5 days depending on the weather conditions.
Ali (2003) developed a simple dryer for drying some agricultural products.
The developed dryer consists of two units namely: a) the receiver in a
cylindrical shape contains some circular trays and b) the dish with 150cm
diameter as a concentrator. He recommended to use the developed solar
dryer for drying date palm, potato, and melokhia under the following
conditions: dryer height of (90cm), distance between receiver and
concentrator of (100cm), number of trays of (4 trays), number of open holes
of (12holes), and mass of product of (0.5, 0.3, and 0.2kg/tray) with date
palm, potato and melokhia, respectively to give the best results. EL-Amin
et al. (2005) designed and constructed a solar dryer with 1.03m? solar
collector area for mango slices drying under controlled conditions
(laboratory dryer). The average ambient conditions are 30'C air
temperature and 15% relative humidity with daily global solar radiation
incident on horizontal surface of about 20MJ/m?/day. The désigned dryer
with a collector area of 16.8m? is expected to dry 195.2kg fresh mango
(100kg of sliced mango) from 81.4% to 10% wet basis in two days under
ambient conditions during harvesting period from April to June. Singh et
al. (2005) studied the performance of solar tunnel dryer for drying unripe
peeled mango. They reported that air temperature inside the dryer could be
maintained in the range of 50-75 C on typical sunny days. Cut mango pieces
with initial moisture content of 79% were dried in four and half days to a
moisture level of 4.2% as compared to ten days in open drying to a moisture
content of 4.7%. They observed the average drying temperature in the tunnel
was 60°C and quality of the product dried in the tunnel dryer was found to
be superior to the sun-dried product in terms of microbial load, appearance
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and acceptability. Dadashzadeh (2006) developed a dryer to dry grapes,
results showed that by using this dryer, the duration of drying with this
method can be decreased from 10-12 days in traditional method to 4-5 days
and can obtain higher quality than the traditional method. Ali (200A)
developed a solar device for drying some crops; determined the optimum
conditions for drying garlic and red pepper, and compared the cost use of the
solar dryer with the sun drying. Three experimental testes were under
different dryer heights of 90, 95, and 100cm, different number of trays of 5,
6, and 9 trays and different numbers of open holes of 10, 13, and 16 holes.
The obtained results recommended to use the developed sun dryer for drying
garlic and red pepper dryer height of 95 cm, number of trays of 6 trays,
number of open holes of 13 holes and product mass of 0.6 and 0.75 kg/tray
with garlic and red pepper, respectively. Alonge and Hammed (2007)
designed, constructed and tested a direct passive solar dryer in such a way
that the angle of inclination of the collector could be varied depending on
the location and season. The dryer was tested under no load and load
conditions. The results of no load test conditions gives the maximum of
59°C inside the dryer, while outside the dryer was 38°C. The solar dryer was
placed at an angle of 26 to the horizontal and used to dry 2160 g of Yam
chips with an initial moisture content of 62% (wet basis) to a final moisture
of 11.11% (wet basis). The drying time of the Yam chips during the test was
26 sunshine hours as compared with 36 hours in open air. Ajao and
Adedeji (2008) made a simple solar dryer (1500x750%620, mm in
dimension) of wood and double layered transparent glass which serves as a
solar collector that brings about the transformation of solar radiation to heat
energy needed for proper drying process inside the dryer. They found that
the rate of drying of crop samples in the solar dryer was higher than in the
open sun. The assessment of the drying rate of the crops in the solar dryer
and in open-sun gives an average of 9.4 g/h and 8.6 g/h for yam (sliced), 9.1
g/h and 7.8 g/h for maize, 5.9 g/h and 5.4 g/h for okra while that of pepper is
1.6 g/h and 1.3 g/h respectively with an average dryer efficiency of 18%.
Bala (2009) demonstrated the potentialities of solar tunnel dryer,

_ greenhouse type solar dryer and roof integrated solar dryer for production of
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quality dried fruits, vegetables, spices, medicinal plants and fish. The drying
air temperature for a product must not exceed the maximum permissible
drying air temperature. The maximum permissible temperature for
production of quality dried pineapple, mango, jackfruit and chili is 65°C and
that of fish is 52'C. But for herbal and medicinal plants a maximum
temperature of 100°C is recommended for glycoside species, 65°C for
mucilage species and 35 to 45°C for essential-oil species. This drying air
temperature can be achieved by simply adjusting collector length (in solar
tunnel dryer) or air flow rate by changing the number of fans in operation.

- Yahya (2010) used a solar assisted drying system for drying the herbal tea

or green tea. The drying system has an array of collector with the size of
13.8 mZ. The fresh tealeaves form the plantations are first soaked in warm
water for five minutes. Next, water from the tealeaves will be drained out
and dried in the chamber. The collector is of the V-groove type. The system
has two fans to circulate air. A 10 kW auxiliary heater is also included and -
will be on if the temperature of the drying chamber is less than the specified
preset temperature of 50°C. A drying chamber of 55'C can be reached at
solar radiation levels of 600-700W/m? and ambient temperature of 27-34°C.
The flow rate is fixed at 15.1m*min. The initial moisture content is 87%
(wet basis) and the final moisture content is 54% (wet basis). A total of 12
hours of drying time is required where solar energy contribute about 56%
the total energy requirement. This study was undertaken to investigate
drying characteristics of some agricultural products in a new designed solar
dryer. .

2. MATERIALS AND METHOD
The main experiments were carried out during the summer season of 2012 at
Faculty of agriculture, Zagazig city, Sharkia Governorate to investigate the
use of solar energy as a source of drying some different agricultural crops.
All experiments were conducted using a developed solar dryer. '
2.1. MATERIALS:
2.1.1. Agricultural products:
Three different agricultural products were used for drying with dlrect sun

- and with the developed dryer as following:
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W: Mass of wet sample, g;

d: Mass of dry material in the sample, g
234.Efficiency of solar dryer:

Efficiency of solar dryer was calculated as follows:

E=—Q-'- , (% @
) (%) )

E: Efficiency of solar dryer.
Q. : The useful heat.
Qi : The incident radiation. »
Qu=m; L +mp cp At 3)
m, : Mass of moisture removal, kg. ‘
L :Latent heat of water. It was taken 2257 klJ/kg. (Awady, 1993).
m,, : Mass of agricultural product, kg.
¢p : Specific heats of the agricultural product
At : Temperature rise of agricultural product, °C.
2.3.5. Drying cost:
The hourly cost of direct sun drying as well as drying tising developed solar
dryer with trays was calculated according to the formula developed by (Awady,
1978) as follows:

P(1
h( +2+t+r)+(We)+144 @
Where: )
C = Hourly cost, L.LE/h. P = Price of machine, LE. -~
h = Yearly working hours, h/year. =~ a= Life expectancy of the machine, h.
i = Interest rate/year. e = Hourly cost/kW.h.
t = Taxes, over heads ratio. r = Repairs and maintenance ratio.
m = Monthly average wage, L.E S = Specific fuel consumption, V/hp.h.

W = Electrical power, kW.
144 = Reasonable estimation of monthly working hours.
The cost per unit of production was determined by using the following formula:
Hourly .ccfst (L.E/h) ,(LEMg) @)
Productivi ty (Mg/h)

3. RESULTS AND DISCUSSION
Experiments were carried out with the purpose of evaluating the developed solar
dryer. Experiments were also carried out to compare between both solar and sun

Cost per unit of production =

Misr J. Ag. Eng., October, 2012 - | -1304-




PROCESS ENGINEERING

3.1. Some parameters affecting on removal moisture content:
The reduction of moisture content by solar energy using the developed dryer
depends on several factors such as: number of trays and number of open holes.
Each of these factors will be discussed as follows:
3.1.1. Effect of number of dryer trays on removal moisture content comparing
with direct sun drying:
Results showed that the reduction of moisture content is greatly affected by the
number of trays for all products. Results in Fig.4. show that the maximum
removal rate of moisture content is obtained at five trays for the three products
under studying at different product masses. Conceming mango slices, Fig4.
show that after twelve drying hours from (9 Am to 5 Pm and 9 Amto 1 Pm in
the next day), product moisture content decreased by 75.33, 90.33, 89.30 and
86.38% with product mass of 0.75 kg/tray, also decreased by 73.99, 89.43, 88.53
and 83.63% with product mass of 1.00 kg/tray, and decreased by 70.48, 88.23,
86.72 and 82.02% with product mass of 1.25 kg/tray under direct sun drying,
solar dryer at number of trays of 4, 5, and 7 trays, respectively. Relating to okra
slices, Fig.4. show that after sixteen drying hours from (9 Am to S Pm and 9 Am
to 5 Pm in the next day), product moisture content decreased by 79.41, 92.79,
91.39 and 86.70% with product mass of 1.00 kg/tray, also, decreased by 78.41,
91.94, 89.78 and 85.78% with product mass of 1.25 kg/tray, and decreased by
77.06, 90.64, 88.44 and 82.77% with product mass of 1.50 kg/tray under the
same previous conditions. As to mint, Fig.4. show that after elght drying hours
from (9 Am to 5 Pm), product moisture content decreased by 80.58, 91.08, 89.73
and 84.78% with product mass of 0.2 kg/tray, also decreased by 75.59, 85.67,
83.71 and 80.66% with product mass of 0.3 kg/tray, and decreased by 73.47,
83.69, 80.84 and 78.09% with product mass of 0.4 kg/tray under the same
previous conditions.
3.1.2. Effect of number of open holes of dryer on removal moisture content
comparing with direct sun drying:
The maximum removal rate of moisture content is obtained at a number of open
holes of seven holes for the three products at any product mass. This attributed to
the temperature, which reached the highest value under seven opens. Results
showed that the reduction of moisture content is greatly affected by the number
of open holes for all products. Concerning mango slices, Fig.5. show that after
twelve drying hours from (9 Am to 5 Pm and 9 Am to 1 Pm in the next day),
. product moisture content decreased by 76.24, 89.82, 90.97 and 86.79 % with
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product mass of 0.75 kg/tray, also decreased by 72.91, 88.33, 88.79 and 82.31 %
with product mass of 1.00 kg/tray, and decreased by 69.25, 86.36, 87.45 and
81.09 % with product mass of 1.25 kg/tray under direct sun drying, solar dryer at
number of open holes of 5, 7, and 9 open holes, respectively
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Fig.4: Effect of drying time on product moisture content under direct
sun drying and developed dryer with different tray numbers and
different product masses at seven open holes.
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Fig.5: Effect of drying time on product moisture content under direct
sun drying and developed dryer with different open holes
numbers and different product masses at five trays,

Relating to okra slices, Fig.5. show that after sixteen drying hours from (9 Am to
5 Pm and 9 Am to 5 Pm in the next day), product moisture content decreased by
78.54, 91.71, 92.66 and 86.19 % with product mass of 1.00 kg/tray, also,
decreased by 77.74, 90.19, 91.58 and 85.36 % with product mass of 1.25 kg/tray,
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and decreased by 76.38, 88.02, 90.24 and 81.82 % with product mass of 1.50
kg/tray under the same previous conditions. As to mint, Fig.5. show that after
eight drying hours from (9 Am to 5 Pm), product moisture content decreased by
80.35, 89.16, 90.97 and 83.89 % with product mass of 0.2 kgftray, also
decreased by 74.85, 84.00, 85.89 and 79.09 % with product mass of 0.3 kg/tray,
and decreased by 71.71, 81.03, 85.10 and 77.08% with product mass of 0.4
kg/tray under the same previous conditions. Results also show that the maximum
removal rate of moisture content is obtained at a number of open holes of seven
holes for the three products at any product mass. This attributed to the
temperature, which reached the highest value under seven opens.

iency of :
The efficiency with which solar energy can be converted into more useful
forms is one of the most important parameters concerning its utilization as
available source of energy. Temperatures of solar dryer were measured by
thermocouples input and output dryer in August, September and October. On
5/8/2012 temperature value increased by 44.2 °C comparing with ambjent
temperature, on 19/9/2012 temperature value increased by 41°C comparing
with ambient temperature and on 15/10/2012 temperature value increased by
38.5°C comparing with ambient temperature under the optimum conditions.
Solar radiation was measured in August, September and October; on
5/8/2012. Tt is found that average solar radiation was about 506 W/m?, on
19/9/2012, average solar radiation was about 472.67-W/m’ and on
15/10/2012, average solar radiation was about 405.33 W/m?,
Fig.6 show that, the efficiency of solar dryer values calculated on 5/8/2012
under the optimum conditions for drying mango were 29.31, 19.14,22.35 and
30.21 %, with drying times of 2, 4, 6 and 8 (h), respectively.
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Fig.6: The efficiency of solar dryer on August, September and October.
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Relating to efficiency of solar dryer values calculated on 19/9/2012 under the
optimum conditions for drying okra were 34.12, 21.84, 26.24 and 35.76 %,
with drying times of 2, 4, 6 and 8 (h), respectively. As to efficiency of solar
dryer values calculated on 15/10/2012 under the optimum conditions for
drying mint were 37.51, 23.16, 29.74 and 39.58 %, with drying times of 2, 4,
6 and 8 (h), respectively. '
3.3. Cost requirements for different drving products:
The cost of the different drying systems is dependent on many factors due to
drying conditions and drying systems.
3.3.1. Effect of number of dryer trays on drying cost comparing with direct
sun drying: : :
Fig.7. represent the cost per unit of production for direct sun drying by trays and
solar dryer at different number of trays under different mass of products. Cost
values of drying mango slices were 2184, 1304.4, 11172 and 886.8 L.E/Mg;
1639, 949.8, 834.7 and 661.2 L.E/Mg and 1309.7, 746.9, 651.3 and 511.6
L.E/Mg at product mass of 0.75, 1.00 and 1.25 kg/tray, respectively under direct
sun drying by trays and solar dryer at number of trays 4, 5, and 7 trays,
respectively. The best of all treatments are 5 trays and 1.00 kg/tray because the
final moisture content for seven trays was still high. Relating to drying cost of
okra slices, the cost values were 2185.4, 1185.6, 1009.2 and 848.6 L.E/Mg;
1746.3, 1165.3, 986.9 and 827.6 LE/Mg and 1456, 980.1, 834.7 and 706.7
L.E/Mg at product mass of 1.00, 1.25 and1.50 kg/tray, respectively under the
same previous conditions. The best of all treatments are 5 trays-and 1.25 kg/tray
because the final moisture content for seven trays was still high. As to the drying
cost of mint, cost values were 5443, 3529.8, 3035.2 and 2574.5 L.E/Mg; 3640,
2398.4, 2059.6 and 1675 LE/Mg and 2734.3, 1856.4, 1612.4 and 1327.9
L.E/Mg at product mass of 0.20, 0.30 and 0.40 kg/tray, respectively under the
same previous conditions. The best of all treatments are five trays and 0.30
kg/tray because the final moisture content for seven trays was still high, because
the value of removed water decreased, comparing with 5, 7 trays, but 5 trays are
considered the best taking in consideration productivity and cost of drying.
3.3.2. Effect of number of open holes of dryer on drying cost comparing with
direct sun drying:
Fig.7. represented the cost per unit of production for direct sun drying by trays
and developed dryer at different numbers of open holes under different mass of
products. Relating to the cost for drying mango slices, cost values were 2329.6,
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1137.5, 1068.1 and 1258.9 L.E/Mg; 1747.2, 830.3, 759.9 and 942 L.E/Mg and
1397.7, 649.5, 593.2 and 726.7 L.E/Mg at product mass of 0.75, 1.00 and 1.25

kg/txay, under direct sun drying by trays and solar dryer at number of open holes
5,7, and 9 holes, respectively.

Direct sun drying Constructed dryer Direct sun drying Constructed dryer
O4tays Wty St % OsHoios M 7Holes B 9 Holes
14001
2000 -

Drying cost, (L.LE/Mg)

0.75 1 125 0.75 1 125
Mango slices, (kg/tray) : Mango slices, (kg/tray)
2400 1
g 2000 4
d 1600
H
% 1200 1
£ 38001
400 4 :
1 125 15 1 125 15
Okra slices, (kg/tray) ‘ Okra slices, (kg/tray)
6000 4
& 5000 ]
i 4000
% 3000 ]
o
'E- 2000
a
1000
02 0.3 04 02 03 04
Mint, (kg/tray) Mint, (kg/tray)

Fig.7: Effect of product mass on the tray, number of trays, number of
open holes on drying cost for different products using dlrect sun
drying and developed dryer.
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The cost values for drying okra slices were 2329.6, 1269.4, 1202.2 and 1517.6
L.E/Mg; 1863.7, 979.1, 934.8 and 1136 L.E/Mg and 1553.1, 823.8, 783.4 and
962.6 L.E/Mg at product mass of 1.00,1.25 and 1.50 kg/tray, under the same
previous conditions. As to cost of drying mint, cost values were 5824, 3067.7,
3019 and 3853.6 L.E/Mg; 3882.7, 2059.6, 1900.6 and 2496.8 L.E/Mg and 2912,
1544.7, 1411.9 and 1837.4 L.E/Mg at product mass of 0.2, 0.3 and 0.4 kg/tray,
under the same previous conditions. It is noticed that number of open holes of 7
holes recorded the lowest value of cost per unit production under all products,
because the temperature reached the maximum value under 7 open holes.

4. CONCLUSION .
It is clear from the results the following: after twelve drying hours, the

maximum decrease in moisture content of mango slices were 90.33, 89.43 and
88.23with product mass of 0.75, 1.00 and 1.25 kg/tray, respectively, after
sixteen drying hours, the maximum decrease in moisture content of okra slices
were 92.79, 91.94 and 90.64 with product mass of 1.00, 1.25 and 1.50 kg/tray,
respectively, after eight drying hours, the maximum decrease in moisture
content of mint were 91.08, 85.67 and 83.69 with product mass of 0.2, 0.3 and
0.4 kg/tray, respectively All previous results obtained with 4 trays and 7 open
holes. It is also clear from the results the following: after twelve drying hours,
the maximum decrease in moisture content of mango slices were 90.97, 88.79
and 87.45 with product mass of 0.75, 1.00 and 1.25 kg/tray, respectively, after
sixteen drying hours, the maximum decreased in moisture content of okra slices
were 92.66, 91.58 and 90.24 with product mass of 1.00, 1.25 and 1.50 kg/tray,
respectively, after eight drying hours, the maximum decrease in moisture
content of mint were 90.97, 85.89 and 85.10 with product mass of 0.2, 0.3 and
0.4 kg/tray, respectively All previous results obtained with 7 open holes and 4
trays. In order to minimize drying cost, it is recommended to use the device
for drying by solar energy for drying mango slices, okra slices and mint
under the following conditions: Number of trays of (5 trays), number of open
holes of (7 holes) and Mass of product of (1.25, 1.00 and 0.30 kg/tray) with
okra, mango and mint, respectively.
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