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DESIGN NEW PROTOTYPE OFAN INDIRECT
SOLAR- ELECTRICAL DRYER TO DRY
WHITE ONIONS SLICES

Hanafy W. M. and * Tarabye H. H. H. *
ABSTRACT

In the present research, a new specific model of an indirect solar—
electrical dryer for onions slices was designed and constructed at a
Zagazig City , Sharkia Governorate, Egypt. Solar dryer consists of solar
flat plate air collector with V- corriugated absorption plate. The total
area of the collector is 1.75 m?. The size of the drying cabinet is (1.5 x
0.50 x 1) m (height, width and depth). An experiment was conducted to
study drying of onions slices 5 and 10 mm. The qualitative analysis for
drying of onions slices of 5 mm under three air velocities (1.5,2.2 and 3)
m/s, showed that moisture content was reduced from (669.23db to 6.95,
8.69 and 14.41db), (4.27,5.26 and 9.89db) and (2.04, 3.09 and7.52db)
for( Trayi, Tray, Trays) while it were (19.33,26.90 and 33.51db), (14.41,
21.35 and 27.71db) and (9.89, 16.27 and 21.95db) for onions slices 10
mm respectiviely.The average moisture content of open sun dry were
20.60 and 50.95 db for onions slices of 5and10 mm. The average
percentage thermal efficiency for the collector was found to be 33.03,
49.96 and 65.45 % while it were 21.37,15.43 and 10.29% of the dryer for
air speed 1.5,2.2 and 3 m/s,, respectiviely.The average percentage value
of the collector 34.07,37.59 and 42.69% while it were be24.82, 32.55and
41.85% for the dryer at air velocities werel.5,2.2 and 3 m/s, respectiviely.
In order to estimate and select the suitable form of solar drying curves,
five different mathematical models, were compared according to their
coefficient of determination R?, MBE, RMSE, %E and chi square X? to
estimate experimental drying curves. The Modified page model in this
condition proved to be the best for predicting drying behavior of onions
slices of 5 and10 mm with (R? = 0.9961and0.9899) and (X? = 0.000148
and0.000591). The effective moisture diffusivity (Deff) was obtained using
Fick’s diffusion equation and its value varied from 1.72958x 10° to
2.37261x 10° m?/s and 4.31037x 10 to 5.61732x 10° m?/s while the
value of activation energy ranged from 23.49 to 29.82 kJ/mol k and 16.09
to 18.01 kd/mol k for onions slices of 5and10 mm.

* Lecturer, Agric. Eng. Dept., Faculty of Agric. and Natural Resources, Aswan University, Egypt.
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Finally an economic evaluation was calculated using the criterion of

payback period which is found very small 1.05 years compared to the life

of the dryer 25 years.

Key words: Solar drying, Drying models , Onions, Effective diffusivity,
activation energy, efficiency, effectivness, payback period.

INTRODUCTION

nion, is considered as one of the most important as a vegetable
Ocrops in all countries as they are considered food and culinary

value.The problems of producing and storing onions led to
tendency to drying it using solar dryers as alternative sources to conserve
the environment. Can (2000) indicated that drying process takes place in
two stages. first happens on the surface of drying material with a constant
drying rate and is like to vaporization of water into the ambient air while
the second takes place by decreasing drying rate.

Sharma et al.,(2005) developed an infrared dryer for drying onion slices
at air temperatures of 35, 40 and 45 °C and air velocities of 1.0, 1.25 and
1.5 m/s. Drying rate increased with increasing air temperature and
velocity and thus reduced the drying time. Page s model had a higher
correlation coefficient and low chi-square value and thus predicted drying
behavior of the onion slices more accurately.

Pankaj (2006) carried out some drying experiments on onion slices (6mm
thickness) by using infrared convective drying. The average effective
moisture diffusivity of onion slices ranged between 2514 x10° and
3233x101° m? s while the activation energy ranged between5.06 and
10.63 kJ/mol k that indicated to decrease in energy of activation.

Thin layer drying equations are used to estimate the drying time for
several products and also to generalise the drying curves. Drying kinetics
is greatly affected by the air velocity, air temperature, material thickness,
and others (Erenturk and Erenturk 2007).

Active solar dryers are designed incorporating external means, such as
fans or pumps, for moving the solar energy in the form of heated air from
the collector area to the drying beds. An advanced and alternative method
to the traditional techniques is greenhouse drying in which the product is
placed in trays receiving solar radiation through the plastic cover, while
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moisture is removed by natural convection or forced air flow (Kumar
and Tiwari, 2007).

Physical and thermal properties of agricultural products, such as the heat
and mass transfer, moisture diffusion, and activation energy, are required
for the ideal dryer design (Aghbashlo et al., 2008).

Drying is the oldest and most widely used primary method of food
preservation. In general, it is a means of removal of water from the
material. The purpose of drying food products is to allow longer periods
of storage with minimized packaging requirements, reduce shipping
weights, and preserve seasonal plants and make them available to
consumers during the whole year (Apar et al., 2009).

(Mota et al., 2010) study the drying of onions in terms of drying kinetics,
which was evaluated at 30, 50 and 60 "C.Three empirical models tested
the present work were (Newton, Modified Page and Logarithmic) all
describe relatively well the dehydration kinetics at the three temperatures
analyzed. From the results obtained the diffusivities, which range between
3.33x10° m?/s at 30 »C and 8.55x10~° m?/s at 60°C.

El Mesery and Mwithiga (2012) investigated The drying behavior of
onion slices by using two types of dryers,vertical and horizontal
convective.Drying air temperatures were 50, 60 and 70°C, while air
velocities were set at 0.5, 1.0 and 2.0 m/s, they found the Page model was
the best in describing the drying behavior of onion slices and the drying
time less in case of the horizontal convective comparison with vertical
convective while onion slices dried at higher temperatures had higher
rehydration ratios.

Edoun et al., (2013) reported that drying process take place in closed
equipment improved the quality of the final product.

Vijay et al., (2013) reviewed various types of flat plate solar collectors
with various applications. They also discussed the design parameters,
construction, arrangement, and sizing of various solar collectors and their
performances.

To obtain the highest solar intensity on the collector, in summer, the
inclination angle of the reflector was maintained at 45° with respect to the
horizontal axis (Tabaei and Ameri, 2015).
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Mahmoud et al.,(2018). Found that a model is considered more suitable
the higher values of R? and the lower the values of x?, RMSE and E%.

The main contribution of this paper to prduce drying onion slices(5 and10
mm) by using the solar drying cabinet under various tempratues of
ambient air and air flow rates .This manuscript focus on development a
suitable drying mathematical model of thin layer forced and natural solar
for describing the drying process; in addition to compute effective
moisture diffusivity and activation energy of samples. efficiency and
effectivness of the solar collector and dryer under three various air mass
flow rates were also determined.

MATERIALS AND METHODS
The drying process was conducted by using the solar drying cabinet in
late summer during the month of Sebtemper, 2018 in Zagazig City,
Sharkia Governorate, Egypt. (longitude (®) =30° 34’ 00” N and latitude
(A) =31° 30’ 00” E). The drying of apricot was examined in the indirect
forced convection solar— electrical constructed and installed at a the roof
of house in Zagazig City, Sharkia Governorate, Egypt. The experiments
started at 8:00 am and terminated at 5:00 pm. It was installed in an
environment with the relative air humidity of 27~59%, ambient air speed
of 0.7 ~ 4.8 m/s, and ambient air temperature varying from 26 to 37°C
under solar radiation changing between 40 and 852 W/m?2. During the
experiments, the ambient temperature, relative humidity, and inlet and
outlet temperatures of air in the solar collector and dryer chamber were
recorded. Solar collector was installed on a raised far from the shade of
trees or buildings during the whole duration of the system trial. A
schematic diagram of the dryer used in the experiments is shown in Figs.
(1 and 2). Dryer system consists of the following parts.
1- Corriugated plate solar collector:-

The solar air collector has an area of 1.5 m? is inclined at an angle of 19°
30’ 00” N (latitude of Zagazig city) with the horizontal facing south all
the time and use of sheet metal absorption zigzagging from galvanized
sheet thickness of 0.001 m and 55° goffer angle and height of 0.05 m
from the basis of plate and painted matte black not shiny to absorb most
of the incident solar radiation. The top losses are minimized by placing a
glass cover of 0.005 m thickness over the top of the galvanized metal
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sheets. The solar air collector made from alminum frame like a box, sides

and bottom were insulated by a layer of fiber glasses sandwiched
between two parallel galvanized metal sheets with a thickness of 0.0 25 m
from the sides and 0.05 m from the bottom. The collector walls of
dimensions of 1.5 x 1 x 0.30 m (height, width and depth).There is a
distance of 0.20 m as air gap between the glasses cover and absorbing
plate. Ambient air enter the collector from one opening in the front of
collector air so that the air was drawn under the glass sheet and the
absorber.hot air exit from four openings back collector throught plastic
tubes isolated to drying cabinet.

Glass Air Direction Double -Walled Metal Galvanized

Support

Basis

Fig. (1): A Schematic view of solar collector components.

2- drying cabinet:-

The drying chamber made from alminum frame like box, sides and
bottom were insulated by a layer of fiber glasses sandwiched between
two parallel galvanized metal sheets with a thickness 0.0 25 m from the
sides and 0.05 m from the bottom such as collector with walls of
dimension (1.5 x 0.50 x 1) m (height, width and depth) cabinet including
four perforated wire mesh trays and double door easy to open and closed
to putting the product. Cabinet provided with two electrical exhusted fan
with diameter 0.15 m model MH-15G power in put 16 Watt, running at
1560 rpm/minute controlled manually by electrical resistance to change
air velocity. and air flow rate at 1.5,2.2 and 3 m%/s.
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Tray Glasswindow for observation Suction Electrical Fan

Double Door:

Basis/

Fou oles for Air Enter
Fig. (2): A Schematic view of drying cabinet components.

3- Iron installation basis:-

Iron basis used to putting solar collector and drying cabinet on it .The
basis allow to a solar collector rotating around the axis of its fixation to
change the angle of inclination as seasion and the city location.

4- Sample preparation:-

Locally available white onion was used in the present study purchered
from market. About 100 g of onion slices (5 and10 +0.025 mm) were

prepared by regulate the opening of the slicer knife with a vernier calliper.
METHDOLOGY::-

White onion slices were dryed by two ways solar drying, the first way
was forced convection in the solar assisted dryer, about 100 g of onions
slices were uniformly distributed on each tray and kept inside the dryer
while the second natural convection, 100 g of onions slices spread on the
ground and left to natural drying by open sun-light.The initial moisture
content of the onions slices were 87% wet basis (wb) and determined by
using electric balance before and after drying. Three replicates about 100
g of onion slices were placed on electrical oven at 78°C for 24 h according
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to the Association of Official Analytical (AOAC, 2005 and Sultana et
al.,2009). The drying air enters from the bottom of our prototype dryer
and moves up through the material loaded in different trays and leaves
forced by a fan from the top to the surrounding. study was done in a
somewhat varius air temperature and three air velocity of (1.5,2.2 and
3m/s), in the samples mass were noted every 30 minute until the samples
reached to final the percent of moisture ratio terminated the day 5.00:PM.
Average temperature of the three trays were recorded at each fan speed.
Moisture ratio (MR) was calculated from the obtained experimental
moisture content values.

1- Moisture ratio:-It can be calculated as follows: (Midilli, 2001).

MR = (Mt- Me) _ Mt O
(Mo- Me) Mo
Thin-layer drying models used for mathematical of drying of onion
slices:- The experimental drying data were tested to find the most suitable
model among five different models defining drying process set by a
number of authors (Table 1).

Table (1) Mathematical models used to describe the thin-layer drying curve.

No. Model name Analytical expression Reference
1 Lewis MR =exp (-k_ 1) Bruce (1985)
2 Page MR = exp (-kp t) Page (1949)
3 Modified page MR =exp (-km t)" White et al., (1981)
4 Modified page Il MR =exp(-k (t/L2)")  Diamante and Munro (1991)
5 Henderson and Pabis MR = a exp(-kut) Henderson and Pabis (1961)

The various constants in the tested models were determined using non-
linear regression procedure using IBM SPSS software package (IBM
SPSS version 22). The coefficient of determination (R?), reduced chi-
square (X?),root mean square error (RMSE) and the average percentage
error (E%) were used to inspect the good fitness of the selected
mathematical models to the experimental data. A model is considered
more suitable the higher values of R? and the lower the values of X?,
RMSE and E % (Midilli and Kucuk, 2003; Akpinar et al., 2006).

The following equations were used to calculate the abovementioned
parameters:
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2 = - I/_z (MR prg — 3> MR Exp)
i . Lz (MRpd — Y MR Exp)] — (2
X2 = > MRExp — MR prg )2 (3)
N-n
2
RMSE = [ > (MR prg —NZ MR Exp ) ]]/2 (4)
100 MR Exp — MRprd -
0 sy
e N Z MR Exp ®)

Moisture diffusivity and activation energy:-

Fick’s second law of unsteady state diffusion given in Eq.(6) where,the
effective moisture diffusivity was calculated from a slope of a straight
line by plotting experimental drying data in terms of In (MR) versus
drying time(Crank, 1975).

Mt 8 °Dei t

MR = - S
Mo w2 exp [ 412

J—0

The effective moisture diffusivity can be related with temperature by
simple Arrhenius-type relationship:

Ea
Dert = Do exp [ R Tu ] > (7)
ans

Solar collector and dryer calculation:-

1- The thermal collector efficiency (%Ic):- collector efficiency is

defined as the ratio of energy output of the collector to energy input (R.
Ac) to the collector (J) and is calculated from the following mathematical
formula (Boughali et al.,2009).

%l = m Cp. AT  x100 —— (8)
R. Ac

R = solar radiation (W/m?)

2- The thermal dryer efficiency (%nd): - Expressed by the ratio of

energy used to evaporate water in the product (Eu) to the energy provide
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to the air during drying (EA) plus energy of the fan (EF) in the following
form (Boughali et al.,2009):
%I\ 4= Euy x100 —> (9)
Eat Er

The heat used to evaporate water in the product (Eu) is defined as:

Eu=me*xLe —»(10)
The useful heat passed to the air (EF) is defined as:

Ea = maxCp*AT — (11)

3-Collector effectiveness (% EC):- Collector effectiveness in the
following form (Ghoniem and Gamea 2014):

(TI in — TI out)
% Ec = x 100
oee (Tc out - Trin)

4-Dryer effectiveness (%E1):- Dryer effectiveness was simplified as per
the following relationship (Ghoniem and Gamea, 2014).

(TC in — Tamb)
(TC out - Tamb)
5-- Rehydration ratio and coefficient of rehydration: The
rehydration ratio was estimated by placing 10 g of samples with 1000 ml
of boiling water about 5 minutes (Maskan ,2001).

—(12)

% Eq = x100 — 5 (13)

Rr = W (14)
W (100-M)
R — (1
co Wi (100-My) (19)

Measuring Instruments Data.

"Weather station model PC-200. Was used for monitoring solar radiation
(1 ~2000 W/m?) with an accuracy of + 5%.

Digital thermometer Model (TPM -10) series hand held Instrument. With
a thermocouple was used for monitoring temperature with accuracy of + 1
°C and at range (-50 ~ 110 °C) by reading liquid crystal display (LCD).
Digital Anemometer Model (GM816) series hand held Instrument. Used
for measuring wind speed and temperature by reading liquid crystal
display. Wind speed range (0 ~30 m/s).
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Digital hygrometer-thermometer Model (ETI 810-155) series hand held
Instrument. With a thermocouple was used for monitoring relative
humidity at range (20 - 99 %) with an accuracy of * 5%.

Electronic balance Model (SF-400) having an accuracy of 0.01 g with
capacity 7 kg and the weight of samples were recorded on a LCD display.
Vernier caliper having a least count 0.025 mm.

Costs was calculated according to the following model:-

Based on the climatic conditions in Zagazig City which allow using the
solar—electrical dryer almost all the year days (365 days). The costs and
the main economic parameters based on the economic situation in Egypt
are shown in table (2).

Table (2)Payback period of the solar dryer.

Dryer price 12000 L.E
Capacity of dryer 6 kg
Depreciation 1000 L.E
Life of dryer 25 years
Cost of maintenance 1000 L.E
Labor cost 20 x 180 year 3600 L.E
Cost of electrical consumption, L.E /year 200 L.E
Cost of raw onions 6 x 5 x 180 5400 L.E
Total cost 10200 L.E
Total income 180 x 1.2 x 100 21600 L.E
Net income 11400 L.E
Note 1US Dollar = 18 L.E.

Using this data, the payback period was calculated using the formula
below (Neufville, 1990)

Initial Investment
Annual Net Undiscounted Benefits
The payback period is determined as the time required for the investment
cost to equal the return.

RESULTS AND DISSCUSION
Practical trial for solar—electrical dryer under load.
(Figs. 3-5) show the trial run on electrical dryer extended to for three
days in late summer season (18,19 and 20/9/2018) to test our electrical
dryer. Designing and evaluation a thermal behavior of the solar collector
and dryer device requirmentes knowledge an important parameter such as

Payback period = —> (16)

Misr J. Ag. Eng., April 2019 -544 -



PROCESS ENGINEERING

adata on the ambient air temperature, air speed, humidity of ambient air
and solar radiation. The outlet air temperature which inlet the dryer is an
important variable for drying operation; of the flat plate collector, it go up
and down in the same direction as the solar radiation on this collector and
increased by decreasing drying air velocity.
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Fig. (3): Solar radiation and temperature variation of different

elements of the collector on 18/9/2018
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Fig. (4): Solar radiation and temperature variation of different

elements of the collector on 19/9/2018.
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Fig. (5): Solar radiation and temperature variation of different
elements of the collector on 20/9/2018.

experiments conducted on a solar—electrical dryer indicated that the
maximum temperatureis achieved afternoon while the maximum
radiation is reached at 12 noon. The moisture decrease inside the drying
chamber

due to the circulation of the air, using the fan which allows having heat
and mass exchange.The diffreance between input and output temperature
were (1.9~19.9°C), (2.2~16°C) and (2.4~20.4°C) for air speeds of 1.5,2.2
and 3 m/s, on the practical trial as they depending on weather factors
decreased and air velocity.its noticed that heat losses until heated air
arrived to 29.09, 21.87 and 28.87 % until they reached to the dryer for air
speed 1.5,2.2 and 3 m/s, as they decreased by increaseing air velocity
and temperature.

Collector efficiency (%11):-

Figure (6). Pointing to the collector efficiency which increases with solar
radiation increase until a limit where the efficiency tends to come down
beyond this value. From the linear relationship between the velocity of air
masse flow rate and the passage of local time,it observed that collector
efficiency increases, rapidly at high velocities 3 m/s, collector efficiency
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increases with solar radiation increase until a limit where the efficiency
tends to come down beyond this value and they were ranged from (10.33
to 44.92%),(26.65 to 65.28%) and (40.33 to 89.19%) at air speeds 1.5,
2.2 and 3 m/s, respectively so that velocities 3 m/s, is better compering
with the others velocities. (Kutscher et al.,1993) noted that efficiency
increase until for approach velocities greater than 5 m/s, then it constant
beyond this value so our results agreement with previously studies.
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Fig. (6): Daily collector efficiency under different flow rates.
Collector effectiveness (EC %0):-
The daily collector effectiveness is shown in Fig. (7).The maximum and

the minimum of collector effectiveness were ranged from 9.52 to 45.39%
and from 27.97 to 51.72% while it was 26.08 to 63.26% at air
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Fig. (7): Daily collector effectiveness diverse flow rates.
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speed 1.5, 2.2 and 3 m/s, respectively. Solar collector effectiveness at
different solar time starting 8.00 am to 5.00 pm depend on the rise in air
temperature between inlet and outlet (AT) starts small in the morning and
gradually increases until it reached maximum after noon then decreased
gradually until sunset. The average effectiveness for collector ranged
from 20% to 54%.and it was bitter at fan speed 3 m/s, compering with the
others velocities.

Dryer efficiency (%n): -
The daily dryer efficiency given in Fig. (8) and it were ranged from (6.97

to 63.79%),(4.12 to 43.94%) and (2.11 to 29.06%) at air speed 1.5, 2.2
and 3 m/s , respectively.
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0+ f f f f f f f f f f f !
7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00
Local time (hours)

Fig. (8): Daily collector efficiency versus flow rates and local time.

It observed the system dryer efficiency at air speed 1.5 m/s, was higher
comparatively to other velocities. There is a seasonal variation in the
climatic parameters of ambient air and the solar radiation so that the
average efficiency of is not uniform and are often ranged from 5 to 46%.
The thermal efficiency is higher on the first hours of drying because the
presence of moisture near to the surface of the product; then decreased
continuously until the end of drying because the moisture content of the
product is also decreased; so that it required more energy to drive out the
same amount of moisture from the product.
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Dryer effectiveness (%El):-

Fig.(9) shed light on the effectiveness of the dryer which are ranged from
18.91% to 37.77%, 26.92% to 42.11% and 22.98% to 55.69% for air
speed rates 1.5, 2.2 and 3 m/s, respectively. it observed that the
effectiveness of air speed 3 m/s, is the optimum almost the time.
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Fig. (9): Daily dryer effectiveness versus flow rates and local time.

Effect of shelf position on moisture content and draying rate:-

The variation in temperature inside the drying chamber after loading the
temperature at the bottom Tray: is higher and reduces when air goes
through different trays in an upward direction. Chamber temperature is
minimum for the upper Trays. The products in Tray: absorb heat energy
from heated air and then the heated air flows to Tray. and subsequently
Trays. Therefore, the chamber temperature is reduced from Tray: to
Trays. Average temperature for (Trayi, Trayz and Trays) are observed as
(40.95,40.62and38.68°C), (40.53,38.34and35.95°C) and (43.72,41.33and
38.11°C) for onions slices 5 mm while it were (39.84,37.89 and36.14°C),
(39.65,37.77and35.58°C) and (42.67,40.40 and37.37°C) for onions slice
10 mm at air speed rates 1.5, 2.2 and 3 m/s, respectively. From
Fig.10and11 it is observed that the moisture content of onions slices is
varied with tray location. Drying rate is higher for the bottom tray as
sample comes directly in contact with high-temperature air.
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Fig. (10): Effect of self-position on onions slices 5 and 10 mm drying
of various times at speed 1.5, 2.2 and 3 m/s.
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Fig. (11): Effect of drying rate for onions slices 5 and 10 mm drying
of various times at speed 1.5, 2.2 and 3 m/s.
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In the case of open sun drying, initially, the rate of drying is higher
because of the air flow over the product from all the direction. When the
temperature inside the dryer increases, and then the drying rate is higher
compared to the open sun drying. The drying rate gradually reduces in the
later period. There was two drying period found from the results called
falling rate period. For the first falling period, drying rate is very fast due
to the large difference in the moisture content of onion slices and dry air.
The second d falling period, the rate of drying is slow as moisture
gradient of onions slice and outside air is reduced. The moisture content
of onions slices 5 mm was reduced from the average value of 696.23 %
(db) to final moisture content of (6.95,8.69,14.41and25.78%),
(4.27,5.26,9.89and19.04%) and (2.04,3.09, 7.52 and16.95%) for (Trays,
Tray, Trays, Trays, and Tray atmospheric) while it were (19.33, 26.90,
3351 and 5649 % ) , (14.41, 2135 , 27.71and50.37%) and
(9.89,16.27,21.95and45.98%) for 10 onions slices mm at air speed rates
1.5, 2.2 and 3 m/s, respectively.

Fitting model for describing drying process:-

The obtained statistical parameters for data fitting for the 5 mathematical
models of drying onions slices at various temperatures and air speed are
presented in table (3-5). All approximate models were calculated using
SPSS and MS Excel. The best is the one which has a maximum R? and a
minimum x2.The five models revealed high values of R? onion slices 5
mm varied between (0.9961 and 0.9396 ), (0.9948 and0.9527) and
(0.9961 and 0.9423) while it were (0.9839 and 0.9482), (0.9899 and
0.9558 ) and (0.9867 and 0.9482) for air speed rates 1.5, 2.2 and 3 m/s,
respectively. Accordingly, all tested models for onions slices 5 mm
Modified page and Henderson and Pabis and Modified page models
displayed the highest average value of R? and the lowest values of X2,
RMSE and %E for fan speed while onions slices 10 mm Modified page,
Page and Lewis (1.5, 2.2 and3 m/s,) respectively. Consequently, this
model is the best one among the tested models that accurately express the
thin layer drying behavior of onion slices under the studied conditions.
Calculation of effective moisture diffusivity (Desf):-

Fig.12 illustrated the values of In (MR) versus the drying time (t) of
onions slices at the various experimental conditions.
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Table (3) Statistical results obtained for thin layer drying models for onions at 1.5 m/s, and sundry.

h Constants Determination Statistical Coefficient
Model Tray no. Thickness K N 3 R? X2 MBE RMS Yo
T 5 mm -0.010080 - - 0.952600 0.002822 0.039753 0.051432 -1.252679155
B 10 mm -0.007247 - - 0.968300 0.001210 -0.005083 0.033800 0.099141376
" T, 5 mm -0.010031 - - 0.942300 0.001316 0.027475 0.035121 -0.811548929
s 10 mm -0.006749 - - 0.956200 0.002092 -0.009664 0.044451 0.175283297
g T, 5 mm -0.008863 - - 0.939600 0.002091 0.034938 0.044434 -0.726045729
10 mm -0.006381 - - 0.948200 0.003044 -0.014295 0.053622 0.244541445
T 5 mm -0.006993 - - 0.917500 0.001245 0.012325 0.034285 -0.248293493
atmo. 10 mm -0.005383 - - 0.919500 0.003394 -0.000154 0.240198 0.002402989
T 5 mm 0.019849 0.906243 - 0.985300 0.000148 -0.000258 0.011367 0.008133786
! 10 mm 0.005044 1.065370 - 0.983900 0.000842 -0.000644 0.027364 0.012568982
T 5 mm 0.015686 0.940655 - 0.979900 0.000297 -0.001559 0.016119 0.046046314
g 2 10 mm 0.003307 1.125559 - 0.980600 0.001069 0.001844 0.030819 -0.0334517
g T 5 mm 0.013039 0.952522 - 0.977500 0.000439 -0.003195 0.019593 0.084182742
8 10 mm 0.002270 1.179732 - 0.977900 0.001353 0.004047 0.034677 -0.069225283
Tat 5 mm 0.007992 0.987236 - 0.967500 0.001290 -0.003165 0.033866 0.063756123
atmo 10 mm 0.002045 1.174424 - 0.968400 0.002236 0.006196 0.044580 -0.096859209
T 5 mm 0.013232 0.906243 - 0.996100 0.000148 -0.000258 0.011367 0.008133786
o ! 10 mm 0.006978 1.065370 - 0.983900 0.000842 -0.000644 0.027364 0.012568982
s T 5 mm 0.012069 0.940655 - 0.979900 0.000297 -0.001559 0.016119 0.046046314
3 2 10 mm 0.006254 1.125559 - 0.980600 0.001069 0.001844 0.030819 -0.0334517
= T 5 mm 0.010503 0.952522 - 0.977500 0.000439 -0.003195 0.019593 0.084182742
8 8 10 mm 0.005739 1.179732 - 0.977900 0.001353 0.004047 0.034677 -0.069225283
> T atmo 5 mm 0.007508 0.987236 - 0.967500 0.001290 -0.003165 0.033866 0.063756123
10 mm 0.005130 1.174424 - 0.968400 0.002236 0.006196 0.044580 -0.096859209
T 5 mm 0.366961 0.906243 - 0.985300 0.000148 -0.000261 0.011368 0.008216381
g B 10 mm 0.681608 1.065370 - 0.983900 0.000842 -0.000642 0.027364 0.012524487
s T 5 mm 0.323971 0.940655 - 0.979900 0.000297 -0.001568 0.016122 0.046302383
T — 2 10 mm 0.589606 1.125559 - 0.980600 0.001069 0.001865 0.030820 -0.033825413
= T 5 mm 0.279766 0.952522 - 0.977500 0.000439 -0.003185 0.019590 0.083911128
g 8 10 mm 0.519442 1.179732 - 0.977900 0.001353 0.004039 0.034675 -0.069091909
> T atmo 5 mm 0.191762 0.987236 - 0.967500 0.002585 -0.009732 0.047938 0.196048986
10 mm 0.456576 1.174424 - 0.968400 0.002236 0.006201 0.044582 -0.09694058
T 5 mm 0.010000 - 0.7211 0.952600 0.007074 -0.025513 0.078677 0.803961986
B B 10 mm 0.007000 - 0.9633 0.968300 0.001675 -0.007512 0.038589 0.146515498
s " T, 5 mm 0.0.01 - 0.762600 0.942300 0.002335 -0.015869 0.045560 0.85126376
S8 10 mm 0.007000 - 0.970400 0.965600 0.003499 -0.026945 0.055773 0.488726319
53 T 5 mm 0.009000 - 0.800600 0.976400 0.004565 -0.027909 0.063204 0.73527397
B 8 10 mm 0.006000 - 0.984100 0.948200 0.003267 -0.003734 0.053887 0.06387404
£ T atmo 5 mm 0.007000 - 0.878100 0.917500 0.005727 -0.021216 0.071351 0.463322581
10 mm 0.005000 - 0.938300 0.938300 0.005357 -0.002789 0.069004 0.043607619
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Table (4) Statistical results obtained for thin layer drying models for onions at 2.2 m/s, and sundry.

Model Tray no. Thickness . Consntants . - - Determination '\SAtBaélstlcaI Coefgaesnt -
T 5 mm -0.012006 - - 0.976300 0.000547 0.014409 0.022597 -0.467840717
B 10 mm -0.007728 - - 0.978500 0.001031 -0.007715 0.031210 0.157065718
" T 5 mm -0.011121 - - 0.962800 0.000529 0.014436 0.022259 -0.439843605
s 10 mm -0.007118 - - 0.965600 0.001491 -0.007827 0.037521 0.149030271
3 Ts 5 mm -0.009645 - - 0.952700 0.001021 0.245980 0.030940 -0.649625845
10 mm -0.006706 - - 0.955800 0.002492 -0.013317 0.048516 0.237507917
T atmo 5 mm -0.007655 - - 0.923500 0.001044 0.006257 0.031403 -0.133154158
10 mm -0.005560 - - 0.927300 0.002700 0.003820 0.214248 -0.061947173
T 5 mm 0.014426 0.991040 - 0.994000 0.000214 -0.002698 0.013533 0.090641567
! 10 mm 0.006211 1.048543 - 0.989900 0.000591 -0.002581 0.022914 0.055010459
T 5 mm 0.012942 0.999005 - 0.990200 0.000326 -0.003433 0.016802 0.108451164
S 2 10 mm 0.004684 1.083964 - 0.987400 0.000622 -0.000066 0.023505 0.001321519
g T 5 mm 0.014104 0.960781 - 0.988600 0.000321 -0.002234 0.016668 0.06548521
8 10 mm 0.003596 1.118587 - 0.984200 0.000810 0.001535 0.026828 -0.028814217
T atmo 5 mm 0.009041 0.983155 - 0.968500 0.001187 -0.004914 0.032478 0.10704976
' 10 mm 0.003039 1.118050 - 0.973700 0.001565 0.004545 0.037295 -0.075666817
T 5 mm 0.013884 0.991040 - 0.994000 0.000214 -0.002698 0.013533 0.090641567
g B 10 mm 0.007859 1.048543 - 0.989900 0.000591 -0.002581 0.022914 0.055010459
s T 5 mm 0.012886 0.999005 - 0.990200 0.000326 -0.003433 0.016802 0.108451164
3 2 10 mm 0.007096 1.083964 - 0.987400 0.000622 -0.000066 0.023505 0.001321519
= T 5mm 0.011852 0.960781 - 0.988600 0.000321 -0.002234 0.016668 0.06548521
3 8 10 mm 0.006530 1.118587 - 0.984200 0.000810 0.001535 0.026828 -0.028814217
= T atmo 5 mm 0.008341 0.983155 - 0.968500 0.001187 -0.004914 0.032478 0.10704976
10 mm 0.005604 1.118050 - 0.973700 0.001565 0.004545 0.037295 -0.075666817
T 5mm 0.350393 0.991040 - 0.994000 0.000214 -0.002692 0.013530 0.090437182
g B 10 mm 0.776701 1.048543 - 0.989900 0.000591 -0.002577 0.022913 0.054924062
s T 5 mm 0.322517 0.999005 - 0.990200 0.000326 -0.003437 0.016804 0.10859911
g - 2 10 mm 0.689423 1.083964 - 0.987400 0.000621 -0.000057 0.023504 0.001143361
= T 5 mm 0.310802 0.960781 - 0.988600 0.000321 -0.002246 0.016672 0.065837979
3 8 10 mm 0.620829 1.118587 - 0.984200 0.000810 0.001531 0.026827 -0.028743698
= T atmo 5 mm 0.214103 0.983155 - 0.968500 0.001187 -0.004924 0.032482 0.10726498
10 mm 0.523353 1.118050 - 0.973700 0.001565 0.004548 0.037296 -0.075701498
T 5 mm 0.014000 - 1.0499 0.994800 0.001687 -0.004424 0.038727 -0.1891057
2 B 10 mm 0.008000 - 1.0133 0.986700 0.000698 0.000457 0.024912 -0.009734806
g " T 5 mm 0.013000 - 0.994700 0.984800 0.000368 -0.006068 0.017868 0.191714139
35 10 mm 0.0.008 - 0.981800 0.974600 0.002402 -0.026141 0.046208 0.520352645
53 T 5 mm 0.011000 - 0.882900 0.974200 0.001714 -0.019082 0.038537 0.559367514
B 8 10 mm 0.007000 - 0.979600 0.965000 0.002221 -0.013882 0.044436 0.260656036
£ T atmo 5 mm 0.008000 - 0.895800 0.927900 0.002631 -0.024234 0.048357 0.527909464
10 mm 0.006000 - 0.921300 0.932800 0.005105 -0.033186 0.067362 0.552435647
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Table (5) Statistical results obtained for thin layer drying models for onions at 3m/s, and sundry.

. Constants Determination Statistical Coefficient
Model Tray no. Thickness " - 3 = v VBE RMS ViE
T 5 mm -0.014050 - - 0.994800 0.000253 -0.005332 0.015330 0.179106093
1 10 mm -0.008316 - - 0.986700 0.000980 -0.011200 0.030427 0.238748461
- T 5 mm -0.012921 - - 0.984800 0.000314 -0.003956 0.017106 0.124999001
= 2 10 mm -0.007560 - - 0.974600 0.001211 -0.008998 0.033817 0.179117453
5 T 5 mm -0.010777 - - 0.974200 0.000495 0.012539 0.021493 -0.36755286
3 10 mm -0.007077 - - 0.965000 0.002543 -0.025137 0.049012 0.471984025
T atmo 5 mm -0.007869 - - 0.927900 0.006181 0.130220 0.030693 -0.134640545
' 10 mm -0.005708 - - 0.932800 0.002307 0.005648 0.198043 -0.094015526
T 5 mm 0.019849 0.906243 - 0.985300 0.000148 -0.000258 0.011367 0.008133786
L 10 mm 0.005044 1.065370 - 0.983900 0.000842 -0.000644 0.027364 0.012568982
T 5 mm 0.015686 0.940655 - 0.979900 0.000297 -0.001559 0.016119 0.046046314
S 2 10 mm 0.003307 1.125559 - 0.980600 0.001069 0.001844 0.030819 -0.0334517
S T 5 mm 0.013039 0.952522 - 0.977500 0.000439 -0.003195 0.019593 0.084182742
3 10 mm 0.002270 1.179732 - 0.977900 0.001353 0.004047 0.034677 -0.069225283
T at 5 mm 0.007992 0.987236 - 0.967500 0.001290 -0.003165 0.033866 0.063756123
atmo. 10 mm 0.002045 1.174424 - 0.968400 0.002236 0.006196 0.044580 -0.096859209
T 5 mm 0.013232 0.906243 - 0.996100 0.000148 -0.000258 0.011367 0.008133786
% L 10 mm 0.006978 1.065370 - 0.983900 0.000842 -0.000644 0.027364 0.012568982
Q T 5 mm 0.012069 0.940655 - 0.979900 0.000297 -0.001559 0.016119 0.046046314
3 2 10 mm 0.006254 1.125559 - 0.980600 0.001069 0.001844 0.030819 -0.0334517
= T 5 mm 0.010503 0.952522 - 0.977500 0.000439 -0.003195 0.019593 0.084182742
S, 3 10 mm 0.005739 1.179732 - 0.977900 0.001353 0.004047 0.034677 -0.069225283
s T atmo 5 mm 0.007508 0.987236 - 0.967500 0.001290 -0.003165 0.033866 0.063756123
' 10 mm 0.005130 1.174424 - 0.968400 0.002236 0.006196 0.044580 -0.096859209
T 5 mm 0.366961 0.906243 - 0.985300 0.000148 -0.000261 0.011368 0.008216381
:.f» 1 10 mm 0.681608 1.065370 - 0.983900 0.000842 -0.000642 0.027364 0.012524487
o T 5 mm 0.323971 0.940655 - 0.979900 0.000297 -0.001568 0.016122 0.046302383
2 — 2 10 mm 0.589606 1.125559 - 0.980600 0.001069 0.001865 0.030820 -0.033825413
=S T 5 mm 0.279766 0.952522 - 0.977500 0.000439 -0.003185 0.019590 0.083911128
kS 3 10 mm 0.519442 1.179732 - 0.977900 0.001353 0.004039 0.034675 -0.069091909
s T atmo 5 mm 0.191762 0.987236 - 0.967500 0.002585 -0.009732 0.047938 0.196048986
' 10 mm 0.456576 1.174424 - 0.968400 0.002236 0.006201 0.044582 -0.09694058
T 5 mm 0.010000 - 0.7211 0.952600 0.007074 -0.025513 0.078677 0.803961986
c v 1 10 mm 0.007000 - 0.9633 0.968300 0.001675 -0.007512 0.038589 0.146515498
S5 T 5 mm 0.0.01 - 0.762600 0.942300 0.002335 -0.015869 0.045560 0.85126376
58 2 10 mm 0.007000 - 0.970400 0.965600 0.003499 -0.026945 0.055773 0.488726319
T 5 T 5 mm 0.009000 - 0.800600 0.976400 0.004565 -0.027909 0.063204 0.73527397
2 S 3 10 mm 0.006000 - 0.984100 0.948200 0.003267 -0.003734 0.053887 0.06387404
T atmo 5 mm 0.007000 - 0.878100 0.917500 0.005727 -0.021216 0.071351 0.463322581
atmo. 10 mm 0.005000 - 0.938300 0.938300 0.005357 -0.002789 0.069004 0.043607619
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Fig. (12). Experimental logarithmic moisture ratio (MR) in function
drying time for drying onions slices 5 and 10 mm.
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The deviation from linearity of the experimental logarithmic drying curve
indicates effective moisture diffusion coefficient (Def) is dependent on
the moisture content (Celma et al., 2008). Thus, using non-linear
regression a second order polynomial equation relating In (MR) and the
drying time (t) was established with a good fitting of the experimental
results. The dependency of the effective moisture diffusivity on moisture
content may be due to the varied Kinetics that causes moisture moving
during the drying process. In the starting of the drying process, when the
samples have a great amount of moisture, the moisture movement is
mainly by liquid diffusion.

Table (6):-Moisture diffusivity for onions slices at various air flow rate.

. . Diffusivity coefficient
Air speed | Tray No. | Thickness | Average Temp. (Dett) M/
- 5 mm 40.95 1.72958x 10°°
' 10mm 39.83 4.89539% 10°
5 mm 40.61 1.69385x% 10°°
1.5m/s T2
10mm 37.89 455877 10°
- 5 mm 38.68 1.496623x 10°°
? 10mm 36.14 4.31037% 10°
- 5 mm 40.53 2.02947x 10°°
' 10mm 39.65 5.22036x% 10°
5mm 38.33 1.87794x 10°°
2.2mis T2
10mm 37.77 4.80804x 10°°
- 5mm 35.95 1.62875x 10°°
’ 10mm 35.58 4.52078x 10°
- 5 mm 43.72 2.37261x 10°°
' 10mm 42.67 5.61732x 10°°
5 mm 41.33 2.18188x 10°°
3m/s T2
10mm 40.40 5.10661x 10°°
- 5 mm 38.11 1.81985x% 10°°
3
10mm 37.37 4.78007x 10°°

Table 6 clear the values of D at different levels of air temperature and
versus air velocity. As seen, the minimum value of D was found at the
minimum air temperature while it D value increase with increase of air
velocity the air has a better contact with the sample surface which results
in a greater absorption of moisture, consequently the moisture gradient of
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the sample with ambient increases and that leads to an increase in the
moisture diffusivity.

Computation of activation energy (Ea):-

The activation energy (Ea) is a measure of the effect on the diffusion
coefficient. Activation energy (Ea) calculated from the linear regression
Table (7). The values of the activation energy lie from 12.7 to 110 kJ/mol
for most food materials (Zogzas 1996). Ea value varied from 23.49 to
29.82 kJ/ mol for onions slices 5 mm and from 16.09 to 18.01 kJ/ mol for
different air velocities. The relationship between the activation energy and
drying air velocity was found by regression analysis. The results indicated
that the power equation can predict Ea based on the drying air velocity.

Table (7) Diffusivity coefficient and activation energy at various air rates.

Air speed Thickness Do Ea (kJ/mol K)
15 mis 5mm 4.15% 10°° 23.49
10mm 1.14x 108 16.09
22 mis 5 mm 4.63% 10° 25.94
: 10mm 1.22x 108 17.04
3 s 5 mm 5.29x 10°° 29.82
10mm 1.28x 108 18.01

Payback analysis:-
The payback period is calculated as the time required for the investment
cost to equal the return. In our case the payback period is very small (1.05
year) compared to the life of the dryer (25 years), so the dryer will dry
product free of cost for almost its entire life period.

Payback period = 12000 = 1.05 year.

11400

Rehydration Characteristics:-
The rehydration ratio of dried onions slices is presented in table 8. The
rehydration ratio and coefficient of rehydration were calculated to return
to the base block of the dried apricots. Higher rehydration ratio indicates
better product. The rehydration ratio ranged from 2.95 to 2.48 for onion
slices 5 mm while it were ranged from 2.69 to 2.10 for onion slices 10
mm for different air flow. The three varieties of the dried onions slices
were having greater rehydration ratio at air speed 3 m/s, and high
temperature compared with others sample dried. At lower air speed and
high Temperature plant cells are less vandalized, so that the material is
capable of more absorption of water (Apar et al 2009). It was noted that
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as the air speed decreased there is no great difference in the rehydration

ratio and coefficient of rehydration with different parameters.

Table 8:- Rehydration Characteristics of onions slices at various air
speed rates.

Air speed | Tray No. | Thickness | Av. Temp RR COR
T 5mm 40.95 2.69 0.374010695
10mm 39.83 2.40 0.372315036
15 m/s T 5mm 40.61 2.62 0.370217391
10mm 37.89 2.22 0.366243655
Ts 5mm 38.68 2.48 0.368878719
10mm 36.14 2.10 0.364485981
Sun dry T atmo. 5mm 33.66 1.95 0.301785714
10mm 33.66 1.50 0.293233083
T 5mm 40.53 2.80 0.379562044
10mm 39.65 2.50 0.371853547
29 mls T 5mm 38.33 2.72 0.372210526
10mm 37.77 2.35 0.370752427
TS 5mm 35.95 2.58 0.368571429
10mm 35.58 2.20 0.365261814
Sun dry T atmo. 5mm 32.72 2.04 0.315714286
10mm 32.72 1.80 0.351879699
T 5mm 43.72 2.95 0.391326531
10mm 42.67 2.69 0.384285714
3 m/s T 5mm 41.33 2.85 0.381958763
10mm 40.40 2.51 0.379418605
TS 5mm 38.11 2.70 0.377419355
10mm 37.37 2.36 0.374146341
Sun dry T atmo. 5mm 33.09 1.97 0.299532164
10mm 33.09 1.55 0.294160584

CONCLUSION

1

The average daily collector efficieny arrived to 44.92,65.28 and
89.19% for air speed 1.5,2.2 and 3 m/s, respectively.

2- The average effectiveness for collector ranged from 20% to

54%collector while the dryer ranged from 5 to 46% respectively.

3- Modified page, Henderson and Modified page was selected as a
suitable model to drying onions slices 5 mm wihle Page, Henderson
and Lewis for onions slices 10 mm highest value of R? and the lowest
value of x2 for air speed 1.5, 2.2 and3 m/s, respectively.

4- The rehydration ratio of dried onions slices 5 mm ranged from 2.48 to

2.95% while it was ranged from 2.10 to 2.69 % respectively.
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5- The Effective moisture diffusivity varied from 1.72958x 107° to
2.37261x 10° m?/s for onions slices 5mm while it were varied from
4.31037x 10°t0 5.61732x 10-9 m?/s .

6- The activation energy varied from 23.49 to 29.82kJ/mol k for onions
slices 5mm while it were varied from 16.09 to 18.01 kJ/mol k for
onions slices 10 mm respectively.

7- the payback period for is solar dryer werel.05 year.

Nomenclature

a,n empirical coefficients in drying models
MR moisture ratio (dimensionless)
ki, ke, km, ky  Empirical constants in drying models (s)
t Drying time (min)
L thickness of the sample (slab) (m)
MR exp experimental moisture ratio (dimensionless)
MR prg predicted moisture ratio (dimensionless)
MR prg the average predicted moisture ratio
n number of constants
N Number of observations
Dest Effective moisture diffusivity (m?/s)
Mt Moisture content at time t, %wb (wet base) or db (dry base)
Mo Initial moisture content, %wb
Me Equilibrium Moisture
Do Pre-exponential factor of Arrhenius equation (m#/s).
Ea Activation energy
R Universal gas constant (8.3143 kJ/(kmol. K))
Tabs absolute air temperature (K)
Qconv converted heat (W/m2)
Cp specific heat of air 1007 (J/kg.oc)
m mass flow rate of air (kg/s)
Tin-col air temperature inlet solar collector (°c)
Tout-coll air temperature at outlet of solar collector (°c)
Ac absorbent area (m2)
Tin-chamb air temperature inlet chamber (°c)
Tout- chamb air temperature at outlet of chamber(°c)
Rad solar radiation (W/m2)
ma Weight of air (kg)
me mass of moisture evaporated in time t
Le latent-heat of vaporization of moisture (kJ/kg)
Tamb ambient air temperature (°c)
v air flow velocity, m/s,
R Rehydration ratio
Wi weight of rehydrated sample, g.
Wy weight of dry sample, g.
M; Moisture content of samples before dehydration, % (wb)
My Moisture content of dehydrated samples, % (wb)

Misr J. Ag. Eng., April 2019 - 560 -



PROCESS ENGINEERING

REFERENCES
Aghabashlu, M. Kiyanmehr, M.H., Sammi-akh ijahani, H.(2008)
“Influence of drying condition on the effective moisture
diffusivity, energy of activation and energy consumption
during the thin layer drying of berberis fruit (Berberidaceae)
,” Energy Conversion and Management,vol. 32, pp. 157-165.

Akpinar, E.K., Bicer, Y., Cetinkaya, F.(2006). Modelling of thin
layer drying of parsley leaves in a convective dryer and
under open sun. J. Food Eng. 75, 308-315.
http://dx.doi.org/10.1016/ j.jfoodeng.2005.04.018.

AOAC. (2005). Association of Official Analytical Chemists, Official
Methods of Analysis (18th Ed.)International, Maryland,
USA.

Apar, D., Demirhan, E. and Dadali, G.(2009):Rehydration kinetics of
microwave-dried okras as affected by drying conditions.
Journal of Food Processing and Preservation,33 (5):618-634.

Boughali,A., Benmoussa,H., Bouchekima, B., Mennouche,D.,
Bouguettaia,H.and Bechki,D.(2009). Crop drying by indirect
active hybrid solar — Electrical dryer in the eastern Algerian
Septentrional Sahara: Solar Energy 83 (2009) 2223-2232.
Available online at www.sciencedirect.com
Bruce, D.M., (1985). Exposed layer barley drying, three models fitted to
new data up to 1500C. J. Agric. Eng. Res., 32: 337-347.
Can A. (2000) Drying kinetics of pumpkin seeds. Int J Energy
Res;24:965-75.

Celma, A.R., Rojas, S., Lopez-Rodriguez, F.(2008). Mathematical
modelling of thinlayer infrared drying of wet olive
husk. Chem. Eng. Process. 47, 1810-1818.

Crank J. (1975): Mathematics of diffusions. Oxford University Press,
London.

Diamante, L.M. and Munro, P.A. (1991). Mathematical modeling of hot
air drying of sweet potato slices. Int. J. Food Sci. Technol.,
26: 99.

Misr J. Ag. Eng., April 2019 -561 -


http://dx.doi.org/10.1016/%20j.jfoodeng.2005.04.018

PROCESS ENGINEERING

Edoun M., Boroze T., Kuitche A., Giroux F.( 2013) Optimization of
the design and drying process adapted topPineapple
slices. Journal of Food Science and Engineering. 3,
609-615.

El Mesery H. S.and Mwithga G.(2012). The drying of onion slices in two
types of hot-air convective dryers. African Journal of
Agricultural Research Vol. 7(30), pp. 4284-4296, 7 August,
2012 Available online at http://www. academicjournals.org
/AJAR DOI:10.5897/AJAR11. 2065.

Erenturk S., Erenturk K. (2007): Comparison of genetic algorithm and
neural network approaches for the drying process of carrot.
Journal of Food Engineering, 78: 905-912.

Ghoniem, E. Y. and Gamea, G.R. (2014): Design and evaluation of an
enhanced solar dryer using heat storage unite for tomatoes
drying :Misr J. Ag. Eng., 31 (3): 1025 - 1046

Henderson, S.M. and Pabis,S. (1961).Grain drying theory. Il
Temperature effects on drying coefficients. J.Agric. Eng.
Res., 6: 169-174.

Kumar, A. ; and Tiwari, G. N. (2007) "Effect of mass on convective mass
transfer coefficient during open sun and greenhouse drying
of onion flakes™ J. of Food Engineering, 79:1337-1350.

Mahmoud, Y., Diaeldin, A., Assem Z. E.(2018) Kinetics and
mathematical modeling of infrared thin-layer drying of garlic
slices. Saudi Journal of Biological Sciences 25: 332-338.
www.sciencedirect.com.

Maskan, M. 2001. Drying, shrinking and rehydration characteristic of
kiwi fruit during hot air and microwave drying. J. Food Eng.
48, 177-182.

Midilli, A., Kucuk, H., 2003. Mathematical modelling of thin layer drying
of pistachio by using solar energy. Energ. Convers. Manage.
44,1111-1122. http://dx.doi. org/10.1016/S0196-8904 (02)
00099-7.

Misr J. Ag. Eng., April 2019 - 562 -


http://www.academicjournals.org/AJAR
http://www.sciencedirect.com/
http://dx.doi/

PROCESS ENGINEERING

Midilli, A., 2001. Determination of pistachio drying behaviour and
conditions in asolar drying system. Int. J. Energy Res. 25,
715-725. http://dx.doi.org/10.1002/er.715.

Mota, C.L., Luciano, C., Dias,A., Barroca, M.J. and Guiné, R.P.F.(2010)
Convective drying of onion: Kinetics and nutritional
evaluation food andbio products processing: 88115—
123.www.elsevier.com/locate/fbp.

Neufville, R.(1990). Applied Systems Analysis. McGraw-Hill Publishing
Company, New York, USA

Pankaj,B.P. and Sharma, G.P.(2006) Effective Moisture Diffusivity of
Onion Slices undergoing Infrared Convective Drying
Biosystems Engineering (2006) 93 (3), 285-291. www
science direct.com.

Page, G.E.,(1949). Factors influencing the maximum rates of air drying
shelled corn in thin layers. M.S. Thesis, Department of
Mechanical Engineering, Purdue University, purdue, USA.

Sharma,G.P., Verma,R.C.and Pankaj Pathare (2005) Mathematical
modeling of infrared radiation thin layer drying of onion
slices. Journal of Food Engineering 71 (2005) 282-286.
www science direct.com.

Sultana, S.; Shikha; M. N. Islam and Kamal, M. (2009).Drying
performance of rotating and solar tunnel drier for production
of quality dried fish. Progress in Agriculture, 20(1and2):
173-181.

Tabaei, H., Ameri, M., (2015). Improving the effectiveness of a
photovoltaic water pumping system by using booster
reflector and cooling array surface by a film of water. 1JST
Trans. Mech. Eng. 39 (M1), 51-60.

Vijay, P., Sekhar, K.R., Reddy, E.S., (2013). An analytical review on
solar water heater.Int. J. Sci. Res. Manage. (IJSRM) 1 (2),
90-93.

White, G.M., 1.J. Ross and Ponelert, R. (1981). Fully exposed drying of
popcorn. Tran. ASAE, 24: 466-468.

Zogzas N.P., Marulis Z.B., Mariinos-Kourisd (1996):Moisture diffusivity
data compilation in foodstuffs. Drying Technology, 14:
2225-2253.

Misr J. Ag. Eng., April 2019 - 563 -



PROCESS ENGINEERING

() gaidlal)

s el el yh Ll yla y i S - ponads Lilinal £ 3 90 ppanc

*glh Blla a3 g *adlad Ais deaa 29 0
Jslay Y5 ¥4 G se ok die A8 5l Alailay (3 38 3 ey gyl o2y ol
iall e 1l 568 Chinad a3 gl 20Tl Y ) A judinn jed B Y00 TN
MW&BAJS\&M\}&L‘\'JOMHY‘M\C‘:“J&M
X pase X k) 4 )10x ) xY,0 Al Ol aall 7 50 e (Saxe §5aua (e B le
oy aln ol 5aills Sy ymasa vye o ¥ o iladl ploall o (g LY
i Galaiel dagion aladiu) ge genal) Jisd e o v, 00 5 il gall (e v, 0 YO
Caliiall e a v, 00 gl L B5 0 alimidg ) ) Led Gilall plall e da p2ie
© dlawy panall (e Zla 3l e eldad piiagad Cim pa e 3 gl ¢ Dlay digane
450 9 8928 & 5 aa ol sl sa Al Jan s S5 gl e sl al) adall aidd Ll
Bsdia (e 3 le Cadaallga ¢, T L ate alajll cllarll y aliaiel) dada (o
x dsh) e 500 x V%), 0 alaly 4diald Galaall liall (e gl z 53 5 (Sane
il g panal) Jie Cataall Aol g Jiul e 5 il ad) e Js ras (Bad) X a0
Ay e )+ 50 dlans e 5 e st 5 3 gl Jeadl il gile a5y e i
A.L:_m\}auéa.aj\E\M\wc\}@\mé%éﬂ\&.@ﬁc‘jdﬁuh
S/a Y Y,Y 0,0 o adling Cile yu A83E Gl g 173 )08 (il S (i g
Cadad (o ge Judadl Clad Sl 13a o)yl &5 08 5 SAnDlll e aad se o)) e
JM\W\QAM%EJRHSJQM\@AQc\ﬁYJJA:\.c).uMU
Sl Aal o ha LY Ao s Caiaal)
sl Laa S Lgle Juantial) il (e ol 8
elsgdlde Jud 7 A998 57 00, YA ¢ 7 ££,3Y da gl asadil] manall 5eliS Jans sie S
il Je & /a Y Y, Y ,0
O i diadllCin gl jilain 708 ) Yo o ousall] panall dae soll Alladl) Jass s = ) i -
Sl Je 787 )
Al Vo0 Juadl #l b Casiad sLSlaal #3 gai Juadl Modified Page adabee cuils-
p ¥ e ju vie el s (R?=0.9961and0.9899) (X? =0.000148and0.000591)
il Lai Y o XYL TYYTY Y e O, VY A0A e dn gl Ll Adlad cus ) 5 -
e ael v 50 Joadl il WA G/ T A ) e IO, TIVEY DY e T T YV
Sl
T8 S Laiy (8IS Jse / Js 51S YAL,AY (YT, €9 o Tapliil) 48U - ) 5 -
A e ael v 0 duadl @l )i QIS dsa/ dsa SBSVA Y (NN, 08 e
A ), 00 il Caanoll ooyl 3 i -

WO ) Amaly — Lnadal) 3 ) gall g Ao )30 Al - Ao ) Asigl) iy (pu p2a

Misr J. Ag. Eng., April 2019 - 564 -



