AGRICULTURAE FNG]NEFR]NG ROLE IN REDUCING
LOSSES AND MAXMIZING PRODUCTION "

The 11" Annual Conference of Misr Society of Agr. Eng. Oct.2003: 8715 . 3;?9

SOME ENGINEERING FACTORS AFFECTING THE PERFORMANCE
OF IN-BIN DRYING SYSTEM FOR SOYBEAN GRAIN
F. L. Hindey* ; O. M, Kamel** and M. I. Shoughy***

ABSTRACT

The aim of this study was o investigate some engineering factors affecting the
performance of in-bin drying systems for high-moisture grain. An ambient-air and
solar heated-air drying systems with two airflow rates are used for drying soybean
grain during 2002-harvest season. The change of grain moisture content and their
effect on some physical properties of soybean grain and the static pressure drop
during drying process was defermined. Also, the effect of drying system, airflow
rate and grain depth on the change of soybean moisture content,-drying rate and
energy consumption as well as final quality of dried grain were evaluated,

The results showed that the solar collector increased the air temperature by
7.2°C and decreased the air relative humidity by 22% inside the greenhouse
compared with ambient-air during drying process. The results also indicated that,
Iinear dimensions and thousand grain mass of soybean are linearly related to its
moisture content and increased with increasing moisture content within the range
119 to 29.2% (d.b.). While, bulk density, particle density and paromy of soybean
decreased with the increase in grain moisture conteni. Also, ma'easmg airflow
Jrom 1.2 to 2.4 m’/min .1 fends to decrease drying time by 33.33% and increasing
energy consumption from 19.62 fo 30.92 MJ/t with ambient-air drying while, with
solar heated-air drying, the drying time decrease by 28.57% and energy
consumption increased from 12.49 10 21.4 MJA. Moreover, the electrical energy
consumption of the fan increased with natural-air drying due to the exiension of
drying time. Furthermore, decreasing soybeam grain moisture conteni by 1%
during drying process tends 10 increase the static pressure drop by 3.34%. On the
other hand, using natural-air drying sysiei with 2.4 m’/min. 1§ was found nearly
© equivalentto solar heated-air drying and gave the best quality of dried grain.
While, using solar heated-air drying speeded up drying rate but increase energy
" required for drying and caused further over-drying of dried grain.

1-INTRODUCTION

Soybean (Glycine Max) is one of the important oil crops. It consumption
ranks third among the world food oils after the cotton seed and sunflower. Up to
date, the increase in soybean production are the following facts: a- the oil
productxon is, less than consumption by about 80%. b- the price increase is
recently permitted, this will encourage the farmers to produce more soybeans. In
Egypt, soybean crop is not only an oil crop but also a ready source of protein for
people diet, chickens and animals. Drying of soybean grains are still done by
n'admonal method (spread the gram on the floor under direct sunshine until
moisture content changed from 20 to 12%, which considered safe for storage.
The maximum moisture contents (wet basis) generally accepted for storage up to
one year for soybean is 11 — 12%, for com at 13% and wheat at 13 = 14%, Carl
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and Hall (1982). In order to overcome the existing shortage of farm labor during
the harvesting period, the introduction of drying systems, which can be
economically adopted on Egyptian farms, is an urgent necessity. Excessive
drymg rates or high temperature for drying may cause both physical, chemical
damage and quality losses of the dried product. FExcessive quality losses are
avoided by using low temperature for drying, !

Recently, the designers of drying systems gave a considerable attention for
ambient air and solar energy as infinite, natural, clean source and renewable
energy, which can utilized efficiently and effectively for drying or heating the
air inside the greenhouse and consequently utilizing it in drying process. Up to
date ambient air-drying and air heated by solar collector have not been adapting
in drying soybean grains in-bin during harvest season. Proper handling requires
additional storage bins, solar collectors and well-trained staff as well as studies
the feasibility of this system of grain drying in Egypt. The general objective of
present study is to evaluate the performance of an' ambient-air and heated-air by
solar collector for drying high-moisture soybean grains stored in-bin during
2002-harvest season.

The specific objective was to investigate:
1-The possibility of using ambient-air and solar heated-air drying systems for
drying soybean grain in-bins during harvest season.

2-The changes of grain moisture content and their effect on some physical
properties of soybean grains and static pressure drop of grain beds during
drying in-bins with low temperature drying systems. -

3-The effect of drying systems, airflow rates, and depth of dried grains during
drying process on the change of grain moisture content, drying rate, specific
energy consumption and final quality of soybean grains.

2. REVIEW OF LITREATURE

Soybeans occupy a premier position as a world crop because of their high
and virtually unrivaled protein content and also a rich source of edible oil. They
are legumes, and commercial varieties are usually spherical and yellow,
although black, brown and green soybeans exist. Commercially, yellow
soybeans are graded on weight, moisture, percent splits, heat damage,
contamination by foreign material and discoloration. At harvest, the beans
usually contain about 20-18 percent moisture (w.b.). They are dried to 13
vercent moisture for storage of 6-12 months and 10-11 percent for longer
s+ orage, Barger (1981). : :

Rodda (1985) indicated that, drying at relative humilities of 40 percent or
higher is recommended to prevent the seed coat from cracking Moreover, the
sirflow is kept at 0.05 m’/min, a 27-kg bag of soybeans can be dried from 16
gercent to 13 percent moisture in about 5 days at 2-3°C above ambient

‘emperature. Also, drying at 66 °C reduces the oil content and at 76°C causes
discoloration.
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Muhlbauer et al. (1992) reported that utilizing the drying potential of the
ambient air o air heated by solar collector and extremely low airflow rates of
1.8 to 5.6m’/min.tonne equivalent to an air velocity of 0.1 to 0.15 m/s leads to
the low power requirement and low thermal energy consumption. Since the bin
" can be used for drying as well as for later storage. This form of drying offers
advantages of modest investment, simplify the drying equipment, minimum
labor requirement and energy consumption as well as uniform drymg and hlgh
quality of products as compared to high temperature drying.

Deshpande et al (1993) determined the dependence of physi_?a] properties
of soybean on moisture content. They indicated that, when mgisture content
changed from 8.7 to 25% (d.b.), the length of grain ranged from 6.32 to 6.75mm

, the width from 5.23 to 5.55 mm, the thickness fram 3.99 to 4.45 mm, the
geomeinc mean diameter from 5.09 to 551mm the sphericity from 0.806 to
0.816, the smfaoe area from 0.813 to 0.952 cm? , the volume of grain from 0.091
t0 0.113 cm® and thousand grain mass ﬁ-om 0.110 to 0.127 kg.! While, kemel
density decreased from 1216 to 1124 kg/m’, bulk density from 735 to 708 kg/m’®
and porosity from 0.40 to 0.37 decmail.

Kamel and Abdel-Rahman (1999) studied the air thermal behavior inside a
greenhouse (Gothic arch type) as a solar dryer during the period of March up
through June 1999 under Kafr El-Sheikh climatic conditions. They found that
the solar greenhouse gave around 7. °c hlgler than the outside air temperature
and a reduction range of 5 — 6 % of air re]a.’ave bumidity compared vnth the
outside alrrelatlve humidity.

We:.s‘s (2000) 1eported that hot-air dryers of soybeans require close
supervision to prevent seed damage, generally the highest drying temperature 60
°C reduces germmahon and affects seed quality. Also, with properly supervised
artificial drying there is little difference in seed viability, quality, oil content or
characteristics between hot and cold air blasts, although hot air dried seed may
require more careful storage. If the seed is harvested at high moisture content,
above 20% and dried to 14%, the higher the initial moisture content the lower i is
viability.

Shoughy (2001) developed and tested an ambient air in-storage drying -
- system for laboratory scale during 1998 rough rice harvest season. He indicated
that ambient air-drying potential under local weather condition was high and can
be used successfully for drying high moisture rough rice with high quality
during harvest season without supplementary heating. Also ambient air drying
with continuous fan operation and airflow rate 3.6 m/min. tonne was used to
dry rough rice from 22.6 to 14% moisture content (w.b.), through 8 day with
uniform moisture and there are no negative effect on milling quality,
germination rate, cracking ratio, reduced fungi growth and considering the most
suitable method for seed production. '
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. 3- MATERIAL AND METHODS
3.1. Test Bins:
Fig. (1) shows the ambient-air and solar heated-alr drymg systems used in
the cxpenments Four the same prototype cylmdncal bins were constructed of
steel 'sheets. Each bin was 07111 in diameter and had an effective
height of 14m a free volume of 0.46m’, perforated floor forming a plenum
chamber of about 0.2m height, for dxstnbutlon of drying-air and was capable of
holding approximately 280kg of soybeans at 20.8%,(w. b.), moisture content.
The surface of system bed was open to the atmosphere but shielded from direct
sunshine by a roof erected over the bins and supported on a metal frame. The
temperatures and sampling ports were measured at three levels in each bin (0.35,
0.70 and 1.05m from the perforated floor). Each two bins were connected to
small centrifugal fan (0.25 kW). Air supplied by the fan passed through PVC
pipes of |inner diameter of 0.075m. The airflow rate supplied to each bin was
controlled by ball valve located on the entrance of the plenum chamber of the
bin. Two' bins dried by using ambient air and the other two bins were dried by
solar heated-air, which heated by using a solar collector.

3.2. Solar Collector:

A gothic arch greenhouse has a floor area of 164 m* (4.56m x3.6m) and
total height of 2.3m with internal volume 32m* was constructed and installed at
Rice Mechanization Center (RM.C.) and used as a solar collector (More details
are found in Kamel and Abdel Rahman, 1999).

3.3. Experimental Procedures and Instrumentation:

Soybean variety (Giza 21) was harvested and pre~cleaned by combine at
maoisture content of about 20.8% (w.b.) in September 10, 2002. Four bins were
filled immediately with fresh soybean grains at the same level of moisture
content. Two different drying systems for drying soybean grains are used as
shown in Fig. (1). The first was natural air-drying system in which ambient-air
was forced directly through the grain bulk. The second was solar heated-air
drying system in which a Gothic arch solar greenhouse heated an air. The daily
operation period continued 10 hours per day from 9a.m. to 6 pm. to take the
weather data inside and outside the greenhouse such as air temperature and
relative humidity. The changes of grain moisture content mn relation to bulk
depth and drying time were determined every day taking samples by using a
double concentric tube-sampling probe. Grain temperature and moisture content
were measured at three level {0.35, 0.70 and 1.05m) measured from the floor of
test bins. Thermocouple probes are connected to an interface analog digital
converter model, (LE 1000) and the temperatures reading from thermocouple
probes are recorded at intervals of 4 hours. Airflow rates were measured by a
thermal anemometer manually inserted in the airflow pipe at the entrance of
each bin. The solanmeter with a portable recorder, model (Y 3057-11) was
employed to measure the solar radiation flux incident on a horizontal surface
outside the solar collector.
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The moisture meter, model (PC 100} was used to measure the grain
moisture content. An electrical meter, model (GG 150E) which connected at the
source of power was used to measure the energy required for forcing air through
grain bulk. Also, at the end of drying process; random soybean samples were .
taken to measure and evaluate the quality of dried grains. Moreover, physical
properties included size of the grain, thousand grain mass, bulk density, particle
density and porosity were determined at different moisture content ranged from
119 to 29.2 % (d.b.). Bulk density was determined by weighing the amount of
grain needed to fill a 500ml graduated cylinder by using a digital balance. For
particle density, hand-counted samples of 500 grains were poured in 250ml
container filled partiaily with Paraffin oil and the net volume of the sample was
obtained. Triplicate determinations were made in all cases. The porosity of bulk
grain was computed from the values of bulk density and kemnel density using the
relationship given by Mohsenin (1970) as fpllows

Pr=Ps

Py

5= x100%.... I ¢

Where:
& = Porosity of bulk grain, % p, = bulk density, kg/m* and  p, = particle density, kg/m’.
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Figure {1): Schematic diagram of ambient and solar heated

gir dryers.
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?l1l jz ahfx Evaluatlan Tests.

The quality evaluation parameters for this study were limited to the
percentages of - split, heat damage, discolored and germination percent of
soybean grains. These tests were conducted only at the end of experiment in the
top layer grains of test bins. The percentage of splits as the percentage of beans
with grain coats of two colors was evaluated. The percentage of discolored and
heat damaged grains was separated from a sample of 50 grams of soybean grains
manually by visual inspection and then expressed as a percentage (Shoughy,
2001). Also, germination test was conducted for three replicates of each sample.
Each replicate used 100 seeds, was growing in patry dishes containing
moistened filter paper for a week in an incubator adjusted at 25 °C according to
Anon (1981). X

3.5. Miscellaneous Equations:

3.5.1. Thermal performance of the greenhouse as a solar collector:

To measure the thermal performance of the greenhousé as a solar
collector, a series of equations according to Abdel-Latif and Helmy, 1992 were
employed as follows:

O, S RAT ot et s srsarasere sranerere senenn e B)

0, =me (1 =T )it s et s (3)

7= (Qs)l(Qc)x 100....._...'..............'. .................................... )

Where:

Q. = available solar radiation, watt; R = solar radiation flux incident, w/m?
A, = area of solar green dryer, 16.4m*; T =transimitance of greénilouse cover, %;
@, = useful heat gain rate in heating air, Watt, m = mass flow rate of drying air, kg/s;
¢, = specific heat of drying air, 1006 Wkg/°C; t,= drying air temperature, °C;
1., = air temperature outside the collector, °C; v = air speed, m/s;

A = cross sectional area of the plastic pipe, m*; p = density of drying air, 1.175kg/m’
n = effectiveness of greenhouse collector in heatmg air, %.

3.5.2._Energy consumption:

The energy consumption for forcing an air through the grain bins by using
centrifugal fan, which has three phase electric motor, was estimated according to
Uppal (1984) by using the followmg equation:

‘ P=3. Ny . lpcosp.p . REUURIRUUSRRNY ;)
Where: _
P = fan power, Watt; NL= elei:tn'c potential, Volt; p = efficiency, %
I = electric current, ampere; an‘d cos @ = power factor equal 0.8.
3-5 3. Static pressure:

The static pressure was measured inside grain beds every day at 10 am.
by insert right coppers tube with 6 mm inside diameter and connected with a
declined manometer and by using the following equation (Shoughy, 2001):
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P=p 8. R (1
Where:
P = gtatic pressure, Pa; p = densiy Oi .. + water, kg/m® ;
g = gravitational acceleration, m/s?; and /e head of water, m.
- 3.6. j i '
: Data was analyzed by using Excel Statistical Package Programs Form on
. the Rice Mech. Center. The analysis of variance was employed in this
experimental work to study, examine and assess the effect of drying method and
airflow rates on the drying time, the quality of dried soybeans and energy
* consumption during drying process under local weather conditions.

‘ 4. RESULTS AND DISCUSSION
4.1, Air Temperature ir Relative Humidity;

The difference between the outlet and inlet air temperature and air relative
humidity is a measure heating capacity of two drying systems. The hourly
average air temperature and relative humidity outside the solar collector were
29.9 "C and 54.3% and the corresponded values inside the solar dryer were 37.1
C and 32.3%, respectively. This means that, the greenhouse increased the air
temperature inside the collector by 7.2 °C and decreased the air relative humidity
by 22%. These difference in air temperature and relative humidity were strongly
affect the drying rate of solar heated-air drying method compared with natural-
air drying of soybean grains.

4.2, Solar Radiation;

The hourly variation in solar radiation available during drying process
affects the collector effectiveness for heating the drying air and decreasing the
air relative humidity inside the collector. Fig. (2) shows that, solar radiation
gradually mereases from sunrise till it reaches the maximum average value of
862.5 W.h /m? at noon, it then decreases gradually until it reaches 242.6 W.h /m?
at 6pm. Generally, the hourly average solar radlatlon during the soybean
harvest season (September 2002) was about 542.5 W.h /m?.

4.3. The Performance of the Solar Heated-air

The thermal performance of solar heated-air as' a collector was calculated
by using equations 2 through 5, indicated before, in terms of effectiveness for
beating. As shown in Fig. 3, the greenhouse effectiveness for heating air
decreased gradually from 9am.till it reached the minimum value (27.5%) at
noon, then, it increased gradually until it reached the maximum value (75.6%) at
6 pm. The effectiveness of collector for heating air was affected by the
difference between ambient air temperature inside and outside the greenhouse
collector. When this difference is increased, the useful heat drying the grains is
increased and the removed moisture from the dried grains in addition to the
drying rate were thus increased, making the drying process in the case of solar
heated-air system more efficient than the ambient-air drying system. This result
was agreed with the results obtained by Radwan (2002).
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4.4, Physical Properties of Soybean Grain:

Average values of some physical properties of soybean grain variety (Giza
21) such as the three dimensions (length, width and thickness), thousand grain
mass , bulk d&nsﬁy, part:cle density, and porosity at different moisture contents
are presented in Table (1). The results indicated that dimensions and thousand
grain mass of soybean appeared to be linearly dependent on the moisture conteat.
The soybean grain expands in length (from 645 to 7.25mm), width (from 5.52 to
6.1mm), thickness (from 4.05 to 4.96mm) and thousand grains mass increased
(from 122 to 163 gram) within the moisture content range of 11.9 to 29.2% (d.b.).
It can be seen that, the grain expands more along its thickness in comparison to its
other two axes. This may be due to the arrangements of the cells in the kemnel and
to the increase in the cavity between the two halves of the cotyledons with the
increase in moisture content. This result was agreed with the results obtained by
Deshpande et al. (1993). The effect of moisture content on bulk and particle
densities of soybean grain showed a linear decrease with an increase in moisture
content in the spemﬁed moisture range. The bulk density decreased from 780.95
to 712.42 kg/m® and the particle density from 1298.56 to 1100.8 kg/m®. Since the
porosity depends on the bulk as well as particle densities, the magnitude of
variation in porosity depends on these factors only. The porosity of soybean grain
was found to decrease (from 40.4 to 35.2%) with the increase in moisture content
from 11.9 to 29.2%. This result is very important because the resistance of bulk
grain to airflow is, in part, a function of the porosity and kernel size.

4.5. Bulk Grain Moisture Content:

The change of soybean moisture content at different layers during drying
period by using two airflow rates with natural and solar heated-air drying systems
is shown in Fig.(4). The results indicated that, drying zones were established
immediately at the bottom layers of grain bulks and moved upward as the drying
process proceeded. The drying zone with 2.4 m lmm tonne airflow rate and solar
heated-air drying system was faster than with 1.2m%min, tonne airflow rate and
. natural-air drying system. The decrease of soybean grain moisture content from
20.8 to 12 % (w.b) at top layer of test bins needed 30h with higher airflow rate for
solar heated-air drying system and 42h with lower airflow rate. While, with
natural-air drying system, the drying process continues 40h with higher airflow
rate and 60h with fower airflow rate. It can be seen that, increasing airflow rate
from 1.2 to 2.4 m*/min. tonne tended to decrease the drying time by 33.33 and
28.36% with natural-air and solar heated-air drying systems, respectively. This is
due to the change of grain moisture for solar heated-air dryer was higher than that
with natural-air dryer. The results also showed that the average moisture content
of dried grain by using natural-air drying system was nearly uniform at 12% that
allowed safe for storage of soybean at the end of drying period. While, with solar
heated-air drying system, there are over-drying of dried grain in the bottom layer
(10.5%), especially with higher airflow rate. This result was agreed with the
results abtained by Muhlbauer, 1992.
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Table (1): Average values of some physical properties of soybean grain (Giza 21 variety) at

different moisture content. _
Moisture Dimensions, mm - Thfsusand d?ﬂl;lilt} lzam.cie Porosity,
content, % - . grain mass, Ly, eﬂﬂf}’g 9%
(b Length | Width Thlc?kness ke/m kg/m
11.9 6.45 5.52 4.05 122 780.95 1298.56 404
14.2 6.53 5.60 4.18 129 772.25 1263.2¢ 39.1
18.5 6.65 5.69 435 137 755.30 1215.26 382
233 6.80 5.80 453 145 734.65 1164.42 371
279 7.02 5.95 4.75 152 720.65 1128.75 363
29.2 725 610 | 496} 163 71242 | 110080 { 352
—— Slar energy incident, Wh/m2
000
% 800
B 700{
E;“-'E 600
£ £500 4
£ 7 400
5 300
8 200 T 1 1 T T ] T T T T ]
e 10 11 12 13 14 15 16 17 18
_ Time, h '
Fig. (2): Hourly average solar energy incident on a horizontal surface during
September 2002-soybean harvest season.
*Effectiveness.%
2 80; -
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£
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Fig.(3):Relation between time and the effectiveness of solar collector
for heating air during the experiment.
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L6 Dryi : :
The results in Fig.(4) showed that the drying rate (the precentage of

mousture content removed per hour) increased sfgmlfﬁcantly Ly lincreasmg {lae
airflow rate for both drying systems and drying rate of soybean grains at the
first drying time was higher than that at the entire drying time of drying. This
was attributed to the fact that, the grain, which had high moisture content, dried
faster than that at low moisture content at constant airflow rate and at the same
conditions of drying air. However, the tendency of decrease of grain moisture
comstent responded faster for high airflow rate than for low airflow. The drying
rate was changed from 0.163 to 0.245 percent/h with natural-air and from 0,233
to ©.327 percent/h with solar heated-air drying when airflow rate changed from
1.2 to 2.4 m’/min.tonne. ?ectlon of these results showed that, increasing
airflow rate from 1.2 to 24 m fmm tonne with natural-air give nearly the same
drying rate when using 1.2 m */min tonne airflow rate with solar heated-air
drving system. Also, the rate of drying in lower grain layers is greater than that
of the upper grain layers at the same drying system and airflow rate.

4.7. Energy Consemption for Sovbean Grain Drying:

Table (2) indicated the effects of drying systems and airflow rates on the
energy consumption for fan operation during the drying process of so;fbean
grain. The results showed that, increasing airflow rate from 1.2 to 2.4 m*/min.
tonne tends to increase the fan electrical power consumption from 56.5 to
209.05 Watts. This is due to the increase of static pressure drop through soybean
grains from 107.91 to 255.06 Pa with the specific airflow rate. The results also
showed that increasing airflow rate tends to decrease drying time by 33.33% and
increasing energy consumption from 19.62 to 3092 Ml/onne for natural-air
Arying system. While, for solar heated-air drying system the drying time
decreased by 28.57% and the energy consumption increased from 12.49 to 21.4
MJAonne. The results showed that the solar heated-air drying system consumed
less values of energy than that of an ambient-air drying system for two airflow
rates. This trend was due to the decrease of the d:ymg time in case of using solar
hcated—au drying system. It can be seen that, increasing airflow rate from 1.2 to
2.4 m’/min. tonne with natural-air dying was found nearly equlvalent to solar
supplemental heat drying. While, at the same airflow rate (24 m */min. tonne),
the use of supplemental heat in the airstream speeded up drying rate from 0.245
to 0.327 percent/h but increase energy required for drying and caused further
over-drying of grains. The use of higher airflow rates with natural-air drying to
reduce drying time may be economical if the electrical power is feasible in the
farms and the total cost of drying is reasonable.

tic Pressure Drop of ean in durin :

Fig. (5) shows the changes of static pressure drop at the plenum chamber of

the drying test bin and at various grain depths during dr;rmg period of soybean
grain (Giza 21) by using ambient-air at airflow rate of 2.4 m*/min. tonne,
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‘Taoie (2): Effect of drying systems and airflow rates on the pressure drop, electrical power

consumption, drying time and specific energy consumption for dxy_xgg soybean grain.
Airflow
rate, - Static . . Specific energy
Drying system mslmin. " | pressure drop Electrical Drying time, consumption*,
power, Watt h
tonne Pa . Mi/tonne
Natural-air 1.2 107.91 56.5 60 : 19.62
| drying 24 255.06 209.05 40 30.92
Solar heated- 1.2 98.1 56.6 42 ‘ 12.49
air drying 24 235.44 209.05 30 21.40 R

*Specific energy consumpuon (M3/t): includes the energy consumption for drying and fan
operation.

The results mdlcaied that the static pressure drop through the grain
increased significantely by increasing grain depth and decreased with increasing

drying time. Also, the decrease of static pressure drop during the first period of

drying soybean |grain was higher than that in the entire drying period. It
decreased from 49.05 to 34.34Pa in the top layér and from 117.72 to 88.29Pa in
the bottom layer when moisture content of dried soybean changed from
208 to 12.0 % (wb.). This decrease in the static pressure in grain bed ic
probably due to the reduction of grain size accompanied by a reduction mn bed
depth and porosity as the moisture content was progressively reduced. It can be
seen that, at 1m grain depth, decreasing soybean grain moisture content by 1 %
(wb.) during drying process tends to mcreasmg the static pressure drop by
3.34%.

4.9, Soybean Grain Quality After Drying Process:

Table (3) shows the quality of dried soybean grains by using natural-air
and solar heated-air drying systems with two airflow rates in the top layers in the
test bins at the end of drying process as compared to shade drying sample. The
average percentage of spilt grain was increased by 6.5% with patural-air and
increased by 7.5% with solar heated-air compared to 5% with shade drying
sample. Also, the average percentage of heat damaged kemel was increased by
0.15% with natural-air and increased by 0.25% with solar heated-air drying
systems compared to 0.1% for shade drying sample. Moreover, the average
percentage of discolored grain was increased by 1% with natural-air and
increased by 2.5% with solar heated-air drying systems compared to 0% for
shade drying sample. While, the average percentage of germination rate was
decreased by 3.5% with natural-air and decreased by 4.5% with solar heated-air
drying systems compared to 3% for shade drying sample. The results also
showed that, the moderate {reatment which is one of the characteristics of
ambient-air or low temperature drying minimize the percentage of split, heat
damage and discolored grains as well as the germination rate of soybean grains.
This result may be due to the increase of bulk temperature during drying with
solar heated-air system also the grain at the top layer of bin remained at
high moisture content through most drying period.
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Fig. {4): The changes in grain moisture content with two drying systems
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Fig.{5): The changes of static pressure drop at different soybean grain depx
during drying period by using natural air drying system.



It can be seen that, drying soybean grain by using natural-air gave the best
quality of dried grain and uniform moisture content as the same with shade
drying samples as compared with solar heated-air drying system.

Table (3): The quality of dried soybean grain by using two sirflow 1I'ates with two drying

systems.
. . Natural-air drying Solar heated-air drying Shade
Ol alty 17 Zor’/min. | 2.4mfanint- | 120 int | 2.4ne/mint | drying
tonne onne onne onne sample
Splits, % 6 7 7 8 5
Heat damage, % 02 0.1 03 0.2 0.1
Discolored grain, % 1 1 3. 2 0
Germination rate, % 96 97 95 | 96 97
T
1
5. CONCLUSIONS ‘

Nowadays, it is very important to avoid drying delay by using adequate
drying methods after harvest by using clean energy to prevent grain
deterioration and to keep the gran with high quality in order to increase the
international trade from agricultural production. The foregoing study can lead to
the following conclusions:

1- The hourly average solar energy during the drying experiment through
September 2002 was about 542.5 W.h/m?. -

2- The dimensions and thousand grain mass of soybean were increased
significantly with increasing grain moisture content. While, the bulk density,
particle density and porosity of soybean grain were decreased with increase
the grain moisture content.

3- Increasing airflow rate from 1.2 to 24 m’/min. tonne tends to decrease
drying time by 33.33% and increasing energy consumption from 19.62 to
30.92 MJ/tonne for natural-air drying system, While, for solar heated-air
drying system the drying time decreased by 28.57% and the energy
consumption increased from 12.49 to 21.4 MJ/tonne.

4- Decreasing soybean grain moisture confent by 1% (w.b.) during drying
process tends to increase the static pressure drop at Im depth by 3.34%.

5- Using natural-air drying system with increasing airflow rate from 1.2 to 24
m>min. tonne was found nearly equivalent to using the solar heated-air
drying and gave the best quality of dried grain. While, using solar heated-air
drying speeded up drying rate but mcrease energy required for drying and
causes further over-drying of dried grain,

6- Using higher airflow rates with natural-air drying to reduce drying time and
produce good production may be economical if the electrical power is feasible
in the farms and the total cost of drying is reasonable.
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